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Foreword

Copenhagen

Obesity and type 2 diabetes have become global epidemics affecting not only Western popu-
lations, but indeed to a highly worrying degree, the Asian populations including those of
the Indian citizens. As for type 2 diabetes, there are currently an estimated number of more
than 62,000,000 people suffering from this disease in India. Type 2 diabetes is associated with
more than a two-fold excess mortality from cardiovascular disease, devastating microvascular
complications affecting the eyes, kidneys and nerves, as well as with significant comorbidities
including cancer, infections and psychosocial stress. If left untreated, the microvascular com-
plications will ultimately lead to blindness, overt kidney failure, foot ulcers and amputations.
There is an enormous challenge for the society and the healthcare system to organize treat-
ment and management of people with diabetes to reduce its serious impact on health of the
individual, as well as to reduce the otherwise extreme expenditure of society to compensate
for lost working years as well as for managing blindness, dialysis, amputations, etc. Many
landmark achievements within diabetes care have been obtained during recent years, includ-
ing definitive knowledge that multifactorial pharmacological as well as nonpharmacological
intervention targeting physical inactivity, overeating, smoking, reduction of blood pressure and
lipids, as well as lowering glucose, significantly improves the most important clinical outcome
variables in people with diabetes. Many novel drugs have been introduced targeting different
distinct defects of metabolism in diabetes patients, leaving the clinical diabetes specialist with
much better tools to tailor a more optimal and individualized treatment strategy in different
diabetes patients. The fast generation of knowledge within the field of diabetes, as well as
its significant quantitative impact on health within the society, makes it extremely important
to have medical doctors with a proper and constantly updated scientific training in diabetes
research, to lead the implementation of novel, better and more (cost-effective) treatment and
care programs for patients with diabetes. | have had the great pleasure of working together
with Professor Nihal Thomas and his team on clinical matters, as well as on important trans-
lational scientific projects, and in all of our interactions. | have been indeed very impressed
about the dedication, level of knowledge as well as enthusiasm in general of Nihal Thomas
and his team. | am therefore extremely happy hereby and with great confidence—to be able
to give the doctors, councilors teams and patients associated with international community,
the most sincere recommendations provided in this book, that would help in leading the fight
against diabetes with the Seventh Edition of ‘A Practical Guide to Diabetes Mellitus.

Allan Vaag mMD PhD

Professor and Head

Department of Endocrinology

Riggs Hospital Copenhagen, Denmark

Adjunct Professor of Clinical Diabetes Research
Lund University, Sweden



Foreword

New York

Diabetes mellitus has reached an astounding global prevalence of 343 million, according to
recent estimates. While staggering, these numbers fall short of conveying the full magnitude
of the problem. The human impact of diabetes includes devastating complications, economic
hardships and reduction in the most creative and productive years of life. Though challenging
to implement, optimal diabetes management has been proven to reduce the complications of
diabetes. This underscores the vital need for training healthcare professionals in comprehen-
sive diabetes management, particularly in settings that provide care to the poor.

Under the visionary leadership of Professor Nihal Thomas, Christian Medical College, Vellore,
has developed a large-scale comprehensive diabetes education program. More than a hundred
hospitals in rural and semi-urban parts of India have now been instructed in the medical
management of diabetes. This program has promoted the creation of integrated diabetes clinics
with an emphasis on close cooperation between diabetes nurse educators and doctors, thus
favoring a very effective multidisciplinary approach to diabetes management.

Recently, in conjunction with the Global Diabetes Initiative of the Albert Einstein College
of Medicine, New York, USA, this program has expanded its reach to over thirty countries,
including many parts of Asia and Sub-Saharan Africa. The Seventh Edition of ‘A Practical Guide
to Diabetes Mellitus’ offers a unique combination of rigorous pathophysiology with very prac-
tical approaches to diabetes prevention and control. This outstanding textbook will equip a
cadre of doctors and other healthcare professionals to deliver high quality care to vulnerable
populations around India and far beyond.

An ounce of practice is worth more than tons of preaching.
—Mahatma Gandhi

Meredith Hawkins MD MS FRCP (C)
Professor of Medicine
Endocrinology and Geriatrics
Director, Global Diabetes Initiative
Albert Einstein College of Medicine
New York, USA



Foreword

Copenhagen

Diabetes mellitus is an emerging global health problem, not just in India. Fortunately, Indian
physicians and researchers are also increasingly taking the lead, when it comes to doing some-
thing practical to stem the epidemic and to manage diabetes. Millions are affected by this
chronic and potentially life-threatening disease. More than 3 million patients die from the
disease on an annual basis. In some urban Indian societies, one out of five adults has diabetes.

The devoted team, editing the present as well as the previous editions of this impor-
tant book, is headed by Professor Nihal Thomas. He and former Professor Abraham Joseph
were partners in the renowned World Diabetes Foundation, and supported project entitled
“Prevention and Control of Diabetes Mellitus in rural and semi-urban India through an estab-
lished network of Hospitals,” which has successfully trained key-staff from more than 100 hospitals,
many of these are situated in areas which are not easily accessible. The course material from
this project makes up this book. Admirably, new versions are constantly evolving, including
most recent knowledge on how to prevent, diagnose, care for and rehabilitate patients with
diabetes. This book is soundly based on research as well as clinical practice, and it is a privilege
and honor to write the foreword, while looking much forward to future editions from, and
collaboration with Professor Nihal Thomas and his team.

Ib Chr. Bygbjerg mMD DSCi

Professor of International Health

University of Copenhagen and

National University Hospital

Copenhagen, Denmark

Board Member of World Diabetes Foundation



Preface

VELLORE

From Womb to Tomb: The Diabetes Cataclysm and Solutions Beyond

In the year 1995, when King et al, published an article in what is at times thought to be the
clinical bible of diabetes (Diabetes Care 1998)—he articulated for the very first time that India
would house the largest number of patients with diabetes approaching around 20 million.
The article had also prophesied that the number of diabetics in the country would stand at
57 million by the year 2025.

The prediction has not been false, but proven to be an underestimate. Today, in 2015, we
stand at the precipice of reckoning and the predictions of Dr King have outlasted his own
life. According to the findings of the ICMR sponsored INDIAB study, published in Diabetologia
2011, India is faced with a galloping diabetes epidemic which is progressing at a speed which
challenges the meanest and fastest on the F-1 circuit in a figurative sense. There are now an
estimated 62 million patients with diabetes in India and this number is projected to explode
beyond 85 million by the year 2030.

While diabetes in urban areas, with places like Cochin having figures in excess of 20% and
Chennai at 17%, the epidemic is sweeping like a typhoon across the subcontinent and engulf-
ing rural areas as well, and across terrains which were previously perceived as untouched. A
study done by our group from rural Tripura, the first of its sort in the North-East part of the
country and published in Journal of the Association of Physicians in India 2007, demonstrated
that a part of rural Tripura on the Indo-Bangladesh border, had a prevalence of diabetes of
9%. This was in contrast to parts of Himachal Pradesh which had a prevalence of 0.4% in the
early 1990s. Similar trends have been shown in the state of Arunachal Pradesh, just South of
China, published by our group (Ind J Endocrinol 2012). The changing patterns of disease in a
country which still has a major proportion of the population in rural areas may be predictors
of stories which may foretell a gloomy future.

The explosive growth of diabetes from across the country from the 1980s to till now is
essentially multi-factorial which is very real and large. The real reasons would be inclusive of:
(a) cable television, (b) economic liberalization (c) more processed food and fast food (d)
increased academic competitiveness (thereby reducing physical activity) (e) mobile phones
and computers (f) increased life expectancy—69 years for males now as opposed to 56 in
1980 and 66 for females, at present. | am indeed particularly fond of calling the jump in
the prevalence of diabetes in the 1990s and their subsequent impact on teenage obesity in
this millennium as the ‘Murdoch phenomenon, thanks to Rupert Murdoch for giving us cable
television, which has perpetuated our populace to sit on their backsides for umpteen hours in
a day adding to the catapult effect with regards to blood sugars. The hours of cricket being
viewed on television, perpetuated unashamedly by mega-circuses like the Indian Premium
League, not only serve to fatten the purses of those who run the industry, but also broaden the
backsides and the waistlines of youngsters and elderly enhancing their propensity to develop
diabetes! Surely our haloed film stars instead of munching bags of potato chips in voluminous
quantities can show us how they manage to keep their figures trim and attractive by demon-
strating methods of pumping iron or performing sessions of aerobics!
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In the year 1998, wise men put their heads together and decided by consensus that the
cut-off point for diabetes with regards to the fasting sugar should be reduced from 140 mg/dL
to 126 mg/dL. This was a decision taken based on the fact that it appeared that ‘microvascular
disease’ as generally gauged by diabetic involvement of the retina was present at much lower
levels. From a scientific perspective, the decision was correct. However, many epidemiologists
were not open about this fact when they published studies and data after 1998, mentioning
the increasing prevalence of diabetes. In an ideal setting, they should have declared this in
their publications—but they did not. They should have published ‘corrected’ figures taking into
account the new definition. In any case, for the public, the ‘virtual effect’ added to the fuel
provided for non-communicable disease awareness stakes, though some scientists gained a
little extra mileage on the value of their publications.

There is an over representation of the phenomenon of impaired fasting glycemia and
impaired glucose tolerance (measures of prediabetes) in screening surveys which does not
necessarily indicate subsequent progression of disease. The newer cut-off of 100 mg/dL (well
not so new!—instituted in 2002) for impaired fasting glycemia leads to earlier detection of
the disease and enhancing the long-term prognostic outcome of pre-diabetes falsely causing
another bias in the form of ‘lead time bias’

Well—all in all, the disease is no doubt on the increase in geometric proportions, despite
scientific interpretations that analyzing the situation. The evolution of the epidemic is a ‘womb
to tomb’ phenomenon. Low birth weight is a precipitating factor for diabetes, cardiovascular
disease, obesity, schizophrenia, osteoporosis and cancer, and perhaps more unperceived pesti-
lences. This was a hypothesis proposed by Barker in the 1980s, which is no longer a hypothesis
but a practical reality. Maternal malnutrition and the deficiency of micronutrients per se are
responsible for the problem. The additive effect of poor lifestyle in childhood through adult-
hood therefore increases the chance of a low-birth weight child in subsequently developing
diabetes. The mechanisms of this problem include a reduced secretion of insulin by the pan-
creas, increased peripheral resistance to insulin and an inability to burn calories when com-
pared to the metabolism in a normal birth weight individual. Since low birth weight is present
in almost 26% of the Indian population and in a larger proportion in rural areas, the impact
is self-explanatory. From a scientific perspective, epigenetic changes or chemical changes in
the uterus lead to changes in the genomic material which the child is born with.

The solutions are not simple, and essentially would involve proper counseling of the mothers
and families of those children who are born low birth weight or preterm as to how over
enthusiastic attempts to make the growth curve more steep in these children is probably likely
to increase childhood obesity and lead to adverse consequences in adulthood. The ultimate
solution of optimum feeding of mothers in pregnancy can be debated, but what is optimum
and when? Research is on but the answer is unclear, and concepts are still evolving. Certainly,
economic equity is a solution in improving birth weights, but is much more easily said than
done.

So poverty may beget low birth weight and low birth weight begets diabetes. Unfortunately,
to add to the complexity, when these children grow older they may have diabetes in pregnancy
which may be inadequately treated due to poor awareness, finances or substandard medical
care. This subsequently increases the risk of their offspring getting diabetes, particularly if
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the diabetes in pregnancy is uncontrolled. Therefore, diabetes in pregnancy ends up being a
continuous and depressing transgenerational phenomenon.

Thankfully, it appears that the effects of low birth weight can be blocked to a large extent
by a healthy habitus, as suggested in our publication in Eur J Endocrinol 2012 and may indeed
ameliorated by exercise interventions as simple as cycling (J Dev Health and Dis 2014), which
are generally easily accessible and part of childhood recreation.

To add to the woes of those who are most affected by inflation, here is another quirk of
fate which will increase the subsequent chances of the lower middle class and the poor in
getting diabetes. Drewnowski and Specter in the American Journal of Clinical Nutrition 2004
have stated, that amongst subjects who belonged to the lower socioeconomic group, that
there was a tendency to take more carbohydrate and fat rich food in greater abundance
since it was cheaper than that of the food which was lower in calories and contained a larger
quantum of free radicals and vitamins. Hence, the socioeconomically deprived, may in fact
have a greater propensity to develop weight gain through the food which they eat, rather
than those who are well-off. In other words, certainly cheaper oils are abundantly available
and are not expensive compared to fresh fruits and vegetables. This lends further credence
to the statement: ‘An apple a day keeps the doctor away'

Vitamin D which is termed the ‘sunshine vitamin; has its deficiency being associated with
insulin resistance (the body’s own lack of ability to respond to insulin). There is more evidence
nowadays that though not entirely always with controversy, that since vitamin D deficiency has
been shown by several groups including ours (Endocrine Practice 2008) to be fairly common
owing to our propensity to avoid the sun for occupational and cosmetic reasons that this in
itself may pose an added risk factor for the increasing prevalence of diabetes.

The magnitude of the disease in terms of its prevalence and the potential causes for the
problem has now been discussed ad nauseum! The subsequent consequences of the disorder,
with its impact on quality of life and even its economic impact cannot be overstated. Take
for instance just one complication—the damage to the nerves (peripheral neuropathy). It is
awfully common—according to an earlier study done in 4 centers across the country published
in the Journal of Association of Physicians in India in 2005. Nerve damage was present in 15%
of those who had diabetes who attended the outpatient clinics at these centers. What was
probably more eerie is the fact that 3-4% of those patients with diabetes also had the ampu-
tation of at least a single toe, if not a whole limb.

Now try and visualize a situation that at least 1.5 million of your 70 million patients with
diabetes have at least a toe or a limb that has been removed. This would impair not only their
morale, but also their physical balance when attempting to walk and would lead to a number
of those in the agrarian or laborer classes to be totally ineffective in their day-to-day work,
without extensive rehabilitative therapy and prostheses.

The fact is that, as early as 2000, Lucini et al, pointed out in a study that was published in
Pharmacoeconomics that if a patient with diabetes has one microvascular complication (that
is peripheral nerve damage, retinal damage in the eye or early kidney disease) the cost of
treatment goes up by 1.5 times. If a patient has one macrovascular complication (heart disease
or stroke) the cost goes up by twice the amount that would normally be spent. However, if a
patient has both 1 microvascular and 1 macrovascular complication, the cost of treatment goes
up 3.5 times. This is totally unacceptable for the lower socioeconomic class in this country.
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A study conducted at Vellore published in Journal of Diabetes 2011, has shown that the
commonest cause of death is cardiovascular disease (in general, a heart attack) or a stroke in
38% of the total number of hospitalized patients with diabetes. Urinary tract infections as a
cause for death are far more common amongst the population with diabetes when compared
to the non-diabetic population. There is an important public health message for administrators
and also for the primary care physicians.

Indeed the number of pharmacological agents, on the other hand, that have emerged in
the market over the last decade are significant, as opposed to the 1980s, when there were just
5 oral tablets for the management of diabetes, there are 18 at present! They may be used in
a number of permutations and combinations. If used properly and up to maximal doses, the
potential for delaying the usage of injectable products is certainly there. For the majority of
the population in rural areas and amongst the lower socioeconomic classes, cost is a significant
deciding factor. The harsh reality of incomplete and suboptimal therapy is a combination of
the patient’s financial inadequacy and at times the inability of the healthcare system to meet
with the growing demands of and increasing patient load.

Going by the fact that prevention of complications is far more important than ultimately
trying to treat or cure them, it brings us to a position where we would question ourselves as
to where should we target our strategies, and who should we work on to improve the overall
impact with regards to the prevention and treatment of diabetes in the community.

An editorial from the Lancet 2011 and some work from our center quoted in Heart Asia
2011 have both highlighted the fact that prediabetes, as documented as a fasting blood sugar
of more than 100 mg/dL is present in 20% or more of high school children. They have a greater
amount of subcutaneous fat (thicker skin) than their peers who do not have blood sugar or
cholesterol problems. This is a strong signal that school programs are of primary importance
in preventing obesity, diabetes and abnormalities of cholesterol which will wreck havoc on
the individual and society later on as these children become adults.

Both at the central and state government levels, educational regulatory bodies should high-
light the importance of compulsory physical training and games during school hours. There
should be a compulsory assessment of physical fitness and period, self-assessment of physical
abilities, weight and flexibility as a pre-requisite to pass before going to the next academic
level. Radical thinking no doubt, but what if it were to help in preventing 80 million people
or more from falling sick in the ensuing 40 years from now?

No doubt the growing number of endocrinologists and diabetologists appears to be a
promising factor on the horizon. However, are they the ultimate solution for a disease that is
going to affect 1 in 10 of the population of the country and 1 in 6 above the age of 20 years
of age? Attempting to train large numbers of endocrinologists and diabetologists would be a
time consuming, economically demanding and difficult to achieve solution for such a common
disorder—an estimated 30,000 of them would be needed in our country—there are hardly
1,000 present at this point of time, almost all of them concentrated in urban areas. The concept
of a competent family physician that has a better understanding of problems like diabetes,
obesity, hypertension and other non-communicable problems are the way to go forward in
tackling the problems of numerous clients with diabetes and prediabetes.

The role of councillors and educators who could be nurses, dieticians, physiotherapists
and even school teachers in large numbers would be important in disseminating information
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and supporting the role of public health physicians and family physicians in handling this
pandemic. However, to sort out the problem of diabetes on a large-scale basis will require
a megalithic vision spearheaded and encouraged by the government to develop teams to
enhance physical activity and discourage unhealthy eating habits. It should involve a public
health policy targeting schools, with primary health caregivers playing an important supple-
mentary role.

There are other factors which play a role in the evolution of diabetes in India, and indeed,
the genetic patterns do vary. Our recent studies in Maturity Onset Diabetes of the Young
(MODY), have shown that the genetic forms which appear to be common in India (Clin
Endocrinol 2015), differ from the patterns that are seen in the West. Moreover, it raises a possi-
bility of other forms of diabetes also existing amongst the young, besides type 1 and type 2
diabetes. It also sets the foundation for a greater propensity of pharmacogenomic interven-
tions in the years to come.

The current book is now into its 7th edition and has gone through a process of evolution
starting with the World Diabetes Foundation Program which was initiated in 2004 to train
doctors, nurses, foot care technicians and cobblers in the management of diabetes and set
up integrated diabetes centers. Beyond that, what has resulted are comprehensive training
programs for primary care doctors in diabetes and councillors in every corner on India, and
parts of South-Asia and Africa as well.

Our role in handling the epidemic is to teach and to train those who can do their best in
the periphery to handle diabetes to the extent they may be able to do well.

| would like to thank the number of authors who have performed their job so well to the
extent that the current edition may be able to provide much more than what previous edi-
tions have for healthcare givers in both India as well as other parts of the world. | would like
to specially thank Dr Nitin Kapoor, who has played a major role in the process of compiling
the current edition of the book which has several new chapters including the ones on obesity,
wound care, the elderly and epidemiology.

We are here to serve our patients directly, and in more ways than one through education
of others to play their role better in countering the diabetic pestilence.

Nihal Thomas MBBS MD MNAMS DNB (Endo)
FRACP (Endo) FRCP (Edin) FRCP (Glasg)
Professor and Head

Department of Endocrinology

Vice Principal (Research)

Christian Medical College

Vellore, Tamil Nadu, India



Acknowledgments

We would like to thank Mr Jitendar P Vij (Group Chairman), Mr Ankit Vij (Group President),
Ms Chetna Malhotra Vohra (Associate Director), Mr Umar Rashid (Development Editor) and
production team of Jaypee Brothers Medical Publishers (P) Ltd., New Delhi, India.



Contents

Physiology 1
Solomon Sathish Kumar

* Pancreas 1

* Diabetes Mellitus 71

Introduction and Overview of Glycemic Disorders 16
Part A: Epidemiology and Pathogenesis 16

Nihal Thomas, Senthil Vasan K

» Epidemiology and Evolution 16

» Pathogenesis 19

Part B: Classification and Approach 26

Nihal Thomas, Senthil Vasan K

» Classification 26

 History Taking in Diabetes 27

» Diagnosis of Diabetes Mellitus 29

» Concept of Prediabetes 29

+ Concept of “The Metabolic Syndrome” 30

+ Screening for Diabetes 33

« Summary of Recommendations for Adults with Diabetes 34
* Glycosylated Hemoglobin 35

Practical Medical Nutritional Therapy 39
Leepica Kapoor, G Sai Mala

+ Goals of Nutrition Therapy 39

* Maintenance of Body Weight 39
* Macronutrients 40

e Carbohydrate 41

* Protein 43

- Fat 44

* Micronutrients 47

» Non-Nutritive Sweeteners 47

* Alcohol and Diabetes 47

* Fenugreek 48

* Food Exchanges 48

* Meal Planning 48

» Carbohydrate Counting 54

Exercise 56
Jubbin Jagan Jacob, Samuel Vinod Kumar

» Physiological Changes Occurring During Exercise 56
+ Clinical Implications of the Effects of Exercise in Diabetes 57



E—
xxvi A Practical Guide to Diabetes Mellitus

» Benefits of Exercise in Patients with Diabetes 57

» Potential Adverse Effect of Exercise in Patients with Diabetes 58
» Exercise Prescription 59

» Types of Physical Activity 63

 Practical Considerations 66

5. Counseling 72
Ruchita Mehra Srivastava

» Steps in Counseling 73
» Conclusion 84

* Case Studies 84

* Acknowledgment 87

6. Oral Antidiabetic Agents 90
Senthil Vasan K, Nitin Kapoor, Nihal Thomas
* Role of Oral Antidiabetic Agent Therapy in Type 2 Diabetes Mellitus 91
* Biguanides 9171
» Sulfonylureas 93
* Meglitinide 96
» Alpha-Glucosidase Inhibitors 97
» Thiazolidinediones 98
¢ Incretin Effect 100
» Hydroxychloroquine in Diabetes 103
* Sodium-Glucose Cotransporter 2 Inhibitors 703
* Bromocriptine 105
» Guidelines for Initiating Oral Antidiabetic Agents 105

7. Parenteral Therapeutic Agents 13
Senthil Vasan K, Nitin Kapoor, Nihal Thomas
» Pathophysiology and the Basis for Insulin Replacement Regimens 113
» History 174
» Sources of Insulin 115
+ Classification of Insulin 115
+ Indications for Insulin Therapy 116
» Therapeutic Regimens 117
+ Oral Medications Plus Insulin 119
* Insulin Analogs 120
» Types of Insulin Analogs 7121
» Glucagon Like Peptide-1 Analogs 126
* Amylin Analogs 129
8. Insulin Therapy—Practical Aspects 133
Mercy Jesudoss, Ruth Ruby Murray
* Insulin Syringes 134
+ Factors that Affect Rate of Absorption of Insulin 739



Contents

XXVii

10.

1.

12.

13.

» Complications of Insulin Therapy 740

» Barriers to Insulin Therapy 143

+ Sick Day Management 144

 Alternative Methods of Insulin Delivery 145

» Determining Effectiveness of Self-Injection Education 147

» Dose Adjustment for Normal Eating 755

Blood Glucose Monitoring 159
Mercy Jesudoss, Ruth Ruby Murray

+ Self-Monitoring of Blood Glucose 159

» Continuous Glucose Monitoring System 166

Peripheral Neuropathy 171
Mahesh DM, Thomas V Paul, Nihal Thomas

+ Definition 171

* Risk Factors 172

+ Classification 172

» Pathogenesis 173

+ Clinical Presentation 174

* Management 181

Feet, Foot Care and Neuroarthropathy 190

Part A: Foot Care and Neuroarthropathy 190
Dukhabandhu Naik, Bharathi S, Sunitha R, Edwin Stephen, Jubbin Jacob, Nihal Thomas

* Ulceration 190

* Neuroarthropathy 198

» Peripheral Artery Occlusive Disease 207

Part B: Wound Care in Patients with Diabetes 213
Hari Krishna Nair

* Wound Assessment 213

* Wound Cleansing 214

* Debridement 215

Therapeutic Footwear 220
Judy Ann John, Bobeena Rachel Chandy, Rajan P, Premkumar R

» Foot Injury Mechanism due to Sensory Neuropathy 220

* Foot Injury Mechanism due to Motor and Sensory Neuropathy 221

» Foot Examination for Selecting Appropriate Foot Orthotics 222

» Selection of Footwear 226

Hypertension 245
Sudeep K, Jubbin Jagan Jacob

» Definitions 245

* Hypertension and Age 245

* Hypertension and the Vascular System 246

» Pathophysiology 246



E—
xxviii A Practical Guide to Diabetes Mellitus

» Secondary Hypertension 247
+ Management of Hypertension 248
* Antihypertensive Drugs 254
 Principles in Management of Hypertension 256
14. Nephropathy 259
Santosh Varghese, Suceena Alexander
+ Definitions 260
* Risk Factors 260
+ Classification 260
» Survival in Patients with Diabetic Nephropathy 262
» Pathogenesis of Nephropathy 262
» Pathology 263
+ Differentiating from other Causes of Kidney Diseases 264
* Management 265
* What should be done when the GFR has begun to Decline? 268
» Avoidance of Further Injury 270
+ Supportive Treatment for the Chronic Kidney Disease Patient 270
* Investigations 273
* Renal Replacement Therapy 273
* Normoalbuminuric Chronic Kidney Disease in Diabetes 274
* Newer/Experimental Therapy for Diabetic Nephropathy 275

15. Macrovascular Complications in Diabetes 279
Part A: Cardiovascular Complications and Dyslipidemia 279
Subhrangshu Dey, Viji Samuel
» Epidemiology 279
+ Diabetes Mellitus and Cardiovascular Disease 279
+ Diabetic Dyslipidemia 286
Part B: Stroke and Diabetes 290
Sanjith Aaron

16. Ocular Disease and Retinopathy 296
Saban Horo, Elizabeth Tharion, Padma Paul

» Corneal Changes 296

* Lens and Cataract 296

» Diabetes and Glaucoma 297

+ Orbital Involvement 297

* Neuro-Ophthalmic Manifestations of Diabetes 298

+ Diabetic Retinopathy 299

+ Classification and Features of Diabetic Retinopathy 300

» Pathology and Implications of The Features of Diabetic Retinopathy 303
* Management of Diabetic Retinopathy 304



Contents XXiX

17.

18.

19.

20.

21.

* Ophthalmoscopy 308
» Recording of Fundus Findings 3171

Autonomic Neuropathy 314
Kanakamani Jeyaraman

+ Epidemiology of DAN 3714

» Pathogenesis 3715

+ Clinical Manifestations of DAN 316

» Current Guidelines for the Diagnosis of DAN 330
» Management Implications of DAN 332

Infections in Diabetes 334
George M Varghese, Ravikar Ralph, Abraham OC

+ Specific Infections 336

Hyperglycemic Emergencies 354
Jubbin Jagan Jacob
* Precipitating Factors 355
» Pathophysiology of DKA and HHS 355
+ Clinical Recognition, Establishing a Diagnosis and
Assessment of Comorbidities 357
+ Diagnostic Evaluation and Laboratory Studies 358
¢ Clinical Management of DKA and Recognition of Complications 360
» Complications 364
» Special Situations 365
» Use of Inpatient Standard Management Protocols in Diabetic Ketoacidosis 367
+ Clinical Management of Hyperosmolar Hyperglycemic State 367
* Prognosis 367
Hypoglycemia 370
Nitin Kapoor, Jubbin Jagan Jacob, Nihal Thomas
* Clinical Classification of Hypoglycemia 370
» Pathophysiology of Counter-Regulation 371
+ Causes 371
* Clinical Recognition of Hypoglycemia 372
+ Clinical Management of Hypoglycemia 374
* Long-Term Management 374
* Recurrent Hypoglycemia 375
» Consequences 375
Pregnancy and Diabetes 379
Mahesh DM, Philip Finny, Kanakamani Jeyaraman, Senthil Vasan K, Mathew John
» Terminology 379
» Gestational Diabetes Mellitus 381
* Pregestational Diabetes 387



XXX A Practical Guide to Diabetes Mellitus

22.

23.

24,

25.

* Management 390
* Future Risks in Mother 394

Diabetes in Childhood and Adolescence
Asha HS, Mathew John, Anna Simon, Veena V Nair

» Epidemiology 397

» Diagnosis 397

» Classification 398

* Clinical Features 401

» Approach to Diagnosis 402

* Management 404

» Chronic Complications 410

» Acute Complications 412

+ Sick Day Management 413

» Type 2 Diabetes in Children 414

Diabetes in the Elderly

Rahul Baxi, Nihal Thomas

+ Diabetes in the Older Adult: How is it Different? 479

* Management of Diabetes in the Elderly 420

Secondary Diabetes and Other Specific Types

Kishore Kumar Behera, Dukhabandhu Naik, Nitin Kapoor, Nihal Thomas
+ Classification of Secondary Diabetes 427

» Chronic Complications in Secondary Diabetes 438

» Other Specific Types of Diabetes 440

Perioperative Care

Georgene Singh

* Metabolism at Rest 445

» Metabolic Challenge of Surgery 446

» Preoperative Management of Diabetic Patients 446

* Level of Glycemic Control 446

+ Classification of the Type of Surgery 451

* Management of Diabetes Depends On 451

* Choice of Anesthesia 451

* Premedication 452

* Intraoperative Anesthetic Management of Diabetic Patients 453

» Point of Care Glucose Measurements 455

* Major Surgery Regimen 455

+ Management of Diabetic Patients Under Different Modes of Anesthesia 455
+ Problems to be Anticipated in a Diabetic Patient under Anesthesia 456
» Emergency Surgery in the Diabetic Patient 458

» Special Clinical Scenarios 459

» Postoperative Management of Diabetic Patients 459

397

419

427

445



I
L
Contents XXXi

26.

27.

28.

29.

30.

Obesity with Diabetes

Nitin Kapoor, Inian Samarasam, Nihal Thomas

« Definition of Obesity 463

+ Epidemiology of Obesity and its Impact on Diabetes 464
» Etiopathogenesis of Obesity 464

+ Evaluation of Obesity 466

* Management 468

Laboratory and Analytical Methods

Geethanjali Arulappan, Charles Stephen

» Laboratory Errors 477

* Preanalytical, Analytical and Postanalytical Errors 478
* Role of Laboratory in Diabetes Management 487

* Available Assays 483

+ Other Tests of Relevance 487

Recent Advances

Mahesh DM, Ron Thomas Varghese, Nihal Thomas

» Drugs Which Potentiate Insulin Secretion 492
* Insulin Receptor Activators 494

* Newer Peroxisome Proliferator-Activated Receptor Agonists
* New Hepatic Targets for Glycemic Control in Diabetes 496

» Advances in Insulin Therapy 498
« Immunotherapy for Type 1 Diabetes 501
« Stem Cell Therapy 502

In-hospital Management of Diabetes

Rahul Baxi, Nihal Thomas

« Effects of Hyperglycemia in Hospitalized Patients and
Benefits of Glycemic Control 508

+ Which Patient Should we Admit? 509

* Aims and Targets 570

» The Diabetes Inpatient Team 51710

» The Paradox: Barriers to Glycemic Control in Hospital 571

« Common Errors in Management 571

* Glucose Control 513

+ Diabetes Management in the Critically lll Patients 5715

Integrating Systems

Part A: Team approach to Management of Diabetes 519
Flory Christina, Nihal Thomas, Abraham Joseph,

Mercy Jesudoss, Senthil Vasan K, Ross Kristal

» Disease Prevention 519

* Prevention and its Importance 520

* Integrated Diabetes Clinics 521

» Functionaries of an Integrated Diabetes Clinic and their Role 522

495

463

477

492

508

519



E—
xxxii A Practical Guide to Diabetes Mellitus

» Improving Foot Care for People with Diabetes Mellitus:
An Integrated Care Approach 526
» Diabetes Support Groups 526
Part B: Telehealth—Bridging Distances in Diabetes 531
Vinod Shah, Hasna Rajesh, Nihal Thomas
+ Telehealth Classroom Setup 532
» Desktop Conference: Web-Based Learning Method 534
» Requirements for Quality Transmission 536
* Administrative Challenges and Issues 536

Final Evaluation 539
Answers to Self-Assessment 559
Appendices

1. Dietary Recommendations 573
2. A Quick Guide for Choosing Footwear, MCR Add-ons and Braces 579
3. Evidence in Medicine 580
4. Diabetes Case Record 581
5. Patient Handouts and Educational Material 585

Index 591



CHAPTER

Physiology

Solomon Sathish Kumar

“Insulin the peptide—it is the true tonic,
Islets they pump them, it is quite anabolic,
A quaint homeostasis it provides all along,

Courtesy: in combo with GLP-glucagon”

Pancreas, the source of insulin production, is an essential organ responsible for both digestion and glucose
homeostasis. Historically, insulin is associated with “blood sugar” and true enough, insulin has profound
effects on carbohydrate metabolism. Besides, it also plays a very vital role in fat and protein metabolism.
Absolute or relative insulin deficiency causes diabetes mellitus, which is characterized by abnormalities
in carbohydrate, protein and fat metabolism. The hormones of particular importance in glycemic regulation
are insulin, glucagon and more recently glucagon-like peptide-1.

PANCREAS

Functional Anatomy

The adult human pancreas is made up of numerous collections of cells called islets of
Langerhans. There are about 1-2 million islets, and which make up only about 2% of the
volume of the pancreas, while the rest of it is constitute by ducts, blood vessels and the larger
exocrine portion of the pancreas made up of acini which secrete digestive juices.

There are four major cell types in the islets of Langerhans based on staining characteristics
and appearance. They are as follows (Fig. 1.1):

o cells: These cells produce glucagon. It increases plasma glucose by increasing hepatic
glycogenolysis and gluconeogenesis; increases lipolysis.

B cells: The majority of cells in the islets of Langerhans are f3 cells, i.e. about 60-70%. They
produce insulin, which is anabolic in nature. The effects of insulin are discussed further
along in this chapter.

A cells: These cells produce somatostatin, which acts locally in a paracrine manner and
inhibits secretion of pancreatic polypeptide, insulin and glucagon.

F (or PP) cells: These cells produce pancreatic polypeptide, which slows absorption of
food, but its physiological significance is uncertain.
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Fig. 1.2: Structure of human insulin.

Insulin is a polypeptide/small protein made of two chains of amino acids connected by
disulfide linkages or bridges (Fig. 1.2).

The amino acid sequence ofinsulin molecule varies very little from species to species (cows,
pigs, etc.). These differences do not affect the biological activity if insulin from one species
is given to another species, but they are definitely antigenic and induce antibody formation
against the injected insulin when given over a prolonged period of time. Human insulin is
now used to avoid this problem.

Synthesis of Insulin

Insulin is synthesized in the rough endoplasmic reticulum of the 3 cells. It is then packed into
secretory granules in the Golgi apparatus and released by exocytosis.
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Fig. 1.3: Structure of insulin receptor.
Source: Taken with permission from R Bowen.

Insulin is synthesized from a single long chain of amino acids called preproinsulin. This
chain gets cleaved, i.e. 23 amino acid signal peptide is removed from it and the remaining
portion folds on itself with the formation of disulfide bonds, to form proinsulin.

The connecting peptide or C-peptide facilitates in the folding and connects the A and B
chains. The C-peptide gets detached and insulin is formed. C-peptide level is an indicator
of B cell function in patients who receive exogenous insulin.

Insulin Receptor

Insulin receptors are present in almost all cells of the body. It is a glycoprotein made of 2a
and 2f subunits linked by disulfide bridges (Fig. 1.3).

The o subunit which binds insulin is extracellular, while the  subunit extends from
the cell membrane into the cell. The part of the § subunit, which extends into the cell has
tyrosine kinase activity.

The number and affinity of insulin receptors is affected by various factors like insulin levels,
exercise and food. An increased concentration of insulin decreases the number of insulin
receptors called downregulation and decreased concentrations of insulin increases the affinity
of the insulin receptors. The number of insulin receptors is decreased in obesity and increased
in times of starvation.

Mechanism of Action of Insulin

Insulin binds to the o subunit of its receptor. This binding triggers tyrosine kinase activity in
the B subunit and causes autophosphorylation of the f subunit. This in turn causes either
phosphorylation or dephosphorylation of certain proteins and enzymes in the cytoplasm,
activating some and inactivating other, thus bringing about the actions of insulin. One of the
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Fig. 1.4: Actions of insulin on carbohydrate metabolism.

cytoplasmic substrates for insulin action is the insulin receptor substrate or IRS-1. Protein
synthesis and growth promoting actions of insulin are mediated through phosphoinositol
3-kinase (PI3K) pathway.

Effects of Insulin

Effect on Carbohydrate Metabolism (Fig. 1.4)

Insulin increases glucose uptake into all cells sensitive to insulin, particularly adipose
tissue and muscle. It does not affect glucose uptake in the brain cells.

Insulin reduces the rate of hepatic glucose output by inhibiting glycogenolysis and
gluconeogenesis, while at the same time stimulating glycogen synthesis, glucose uptake
and glycolysis.

Insulin causes increase in glycogenesis in the muscle.

Effect on Lipid Metabolism

Increases lipid synthesis.

Stimulates fatty acid synthesis in the liver and adipose tissue, and thus provides the
substrate for increased lipid synthesis.

Stimulates increased formation of triglycerides in adipose tissue.

Acts on adipose tissue and reduces the rate of release of free fatty acids.

Inhibits the hormone-sensitive lipase in adipose tissue.

Activates lipoprotein lipase.

Effect on Protein Metabolism

Insulin stimulates protein synthesis and inhibits breakdown.
It also increases the transport of amino acids across the plasma membrane in liver and
muscle cells.
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Effect on Potassium Transport

Insulin increases movement of potassium into cells, which is probably due to activation of
sodium potassium ATPase. The sodium potassium ATPase, which is present on the cell
membrane, pumps out sodium and pumps potassium into the cells. Diabetic ketoacidosis,
when treated vigorously with insulin can cause hypokalemia due to movement of potassium
into cells. Thus, potassium levels need to be monitored in addition to the blood glucose
levels, and potassium supplements should be given, if necessary. Insulin is used in the treat-
ment of hyperkalemia but glucose needs to be supplemented simultaneously due to the
hypoglycemic effect of insulin.

Effect on General Growth and Development

e Insulin plays an important role in the synthesis of proteins which is essential for growth
o Experiments have shown that growth hormone and insulin have a synergistic effect on
growth and growth is retarded if either one of the hormone is lacking.
The effects of insulin can occur within seconds to several hours:
o Immediate actions which occur within seconds include:
- Insulin has immediate effects such as an increase in transport of potassium, amino
acids and glucose into cells.
- The fact that insulin not only transports glucose but also potassium into cells needs
to be monitored while treating patients with diabetic ketoacidosis.
o Intermediate actions which take minutes include:
- Insulin brings down blood glucose levels by
= Increasing glycogenesis by activating the enzyme glycogen synthase
= Decreasing gluconeogenesis by inhibiting the enzymes involved
= Inhibiting glycogenolysis by inhibiting the enzyme phosphorylase
- Insulin increases protein synthesis and inhibits its breakdown.
o Late actions which take hours:
- TItincreases lipogenesis. It does so by increasing the formation of mRNAs for enzymes
involved in lipogenesis.

Glucose Transporters

The entry of glucose into cells is by the process of facilitated diffusion with the help of glucose
transporters, GLUT 1 to GLUT 7. The glucose transporter in muscle and adipose tissue,
which is stimulated by insulin, is GLUT 4 (Fig. 1.5). Glucose transportation into the intestines
and kidneys is by secondary active transport via SGLT 1 and SGLT 2 (sodium dependent
glucose transporters).

GLUT 1 deficiency in infants leads to ineffective transport of glucose across the blood brain
barrier. Therefore, the CSF glucose level is low when compared with plasma glucose levels, and
this causes seizures and developmental delay.

Exercise is an important component in the treatment of diabetes as it causes an insulin-
independent increase in the number of glucose transporters (GLUT 4) on the muscle cell
membranes, and thus causes an increase in glucose uptake into skeletal muscles.
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Fig. 1.5: Glucose transporters.

Major Factors Regulating Insulin Secretion

The most important regulator of insulin secretion is the direct feedback of plasma glucose
on the (3 cells.

The glucose transporter on  cells is GLUT 2 (which is not insulin dependent for activation).
The glucose, which enters the 3 cell via GLUT 2, is metabolized by glucokinase. This results
in ATP formation and closure of the ATP-sensitive K* channels. The resultant decrease in
potassium efflux causes the depolarization of cell membrane. This leads to opening of voltage
gated calcium channels and rapid entry of calcium into the cell. The increased intracellular
calcium triggers the release of insulin by exocytosis from the granules in the 3 cells, into
theislet capillaries. C-peptide is also released but has no physiological function. During fasting,
glycogenolysis occurs in the liver to produce glucose for energy. As fasting prolongs over
a period of time, the glycogen stores get exhausted and gluconeogenesis occurs to obtain energy
from amino acids and glycerol (Fig. 1.6).

Tolbutamide and other sulfonylurea derivatives bind to the ATP cassette protein of the
ATP-sensitive K* channels on the 3 cell membrane, thereby inhibiting the K* channel activity.
Thus, the B cells depolarize and increased Ca* influx triggers insulin release. Metformin
reduces blood glucose by reducing hepatic gluconeogenesis and thus reduces glucose
output from the liver. Thiazolidinediones (rosiglitazone, pioglitazone) reduce the insulin
resistance or increase the insulin sensitivity (insulin stimulated glucose uptake) by activating
peroxisome proliferator-activated receptors (PPARY) in the cell nucleus.

Sympathetic nerve stimulation to the pancreas causes an inhibition of insulin secretion
and parasympathetic stimulation to the pancreas causes an increase in insulin secretion.

Increased insulin secretion also occurs when there is a stimulus that can cause increased
levels of cCAMP in the 3 cells. This is perhaps due to the increase in intracellular calcium levels.
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Fig. 1.6: Normal regulation of blood glucose.

It was observed that oral administration of glucose caused a greater insulin stimulatory
effect when compared to intravenously administered glucose. This effect was due to substances
secreted by the gastrointestinal mucosa, which stimulated insulin secretion like secretin,
cholecystokinin, glucagon, glucagon derivatives and gastric inhibitory peptide.

The Incretin Effect

Glucagon-like peptide-1 (GLP-1) is a gut hormone that stimulates insulin secretion, gene
expression and B-cell growth. Together with the related hormone, glucose-dependent
insulinotropic polypeptide (GIP), it is responsible for the incretin effect, the augmentation
of insulin secretion by oral as opposed to intravenous administration of glucose.

Incretin effect is the ratio between the integrated insulin response to oral glucose and an
isoglycemic IV glucose infusion (Fig. 1.7). Incretin effect for oral glucose is ~20-60%. Total
incretin quantity as well as incretin effect is decreased in patients with diabetes.

The two most important incretin hormones are GIP, formerly known as gastric inhibitory
polypeptide, and GLP-1. Both are potent insulinotropic hormones released by oral glucose
as well as ingestion of mixed meals.

GIP

GIP is a peptide of 42 amino acids belonging to the glucagon-secretin family of peptides, the
members of which have pronounced sequence homology, particularly in the NH2-terminus.
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Fig. 1.7: Effect of incretin hormones.

It is processed from a 153 amino acids precursor, but specific functions for other fragments
of the precursor have not been identified. It is expressed in the islets and also in the gut,
adipose tissue, heart, pituitary, adrenal cortex and several regions of the brain. GIP is secreted
from specific endocrine cells called K cells, with highest density in the duodenum but also
found in the entire small intestinal mucosa. Secretion is stimulated by absorbable carbohydrates
and by lipids. GIP secretion is, therefore, greatly increased in response to meals, resulting
in,10-20 fold elevations of the plasma concentration.

Interaction of GIP with its receptor on the 3 cells causes elevation of cAMP levels, which
in turn increases the intracellular calcium concentration and enhances exocytosis of insulin-
containing granules by a mechanism distal to the elevation of calcium.

GLP-1

Glucagon-like peptide (GLP-1) is one of the most potent incretin hormone produced by
the L-cells of the intestinal mucosa. Its insulin-releasing property exceeds that of GIP. It is
produced by tissue-specific post-translational processing of the glucagon gene, which is
expressed not only in the islet cells but also in the L-cells, one of the most abundant endocrine
cells of the gut. Unlike in the islets where proglucagon is cleaved to form glucagon (Fig. 1.8), in
the L-cells, the COOH-terminal part is cleaved to give rise to GLP-1 and GLP-2, both showing
50% sequence homology with glucagon.

GLP-1 has two important forms GLP-1 (7-36) and GLP-1 (7-37) amide in circulation.
Approximately 80% of the circulatory active GLP-1 is GLP-1 (7-36) amide and to a smaller
extent in the duodenum and jejunum. It is also expressed in the hypothalamus and brain stem.
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Fig. 1.8: The preproglucagon molecule which is the parent molecule for glucagon and GLP-1.
Source: Abridged from http://www.med.unibs.it/~marchesi/pephorm.html

Nutrients, including glucose, fatty acids, and dietary fiber, are all known to upregulate the
transcription of the gene encoding GLP-1, and they can stimulate the release of this hormone.
Although, the majority of L-cells are located in the distal ileum and colon, the levels of
GLP-1 rise rapidly upon food ingestion. Sugars and fats in the diet, liberate GLP-1 and GLP-1
releasing factors, including GIP, gastrin-releasing peptide, and selective neural regulators
that also stimulate GLP-1 secretion.

The B cells have got GLP-1 receptors which are G-protein coupled receptors linked to
adenylate cyclase. GLP-1 acts via the second messenger cAMP. GLP-1 probably stimulates
insulin secretion by causing increased calcium entry via the voltage gated calcium channels.

Within few minutes after food ingestion, the level of GLP-1 rapidly increases. Upon its
release, GLP-1 affects multiple target tissues throughout the body, actions thought to be
mediated by a single G-protein coupled receptor isoform. GLP-1 receptor transcripts and/or
protein have been identified in several tissues, including pancreatic islets, lung, gastrointestinal
(GI) tract, and the central nervous system (CNS). GLP-1 stimulates glucose-dependent insulin
secretion by the B cells. It increases transcription of the insulin gene. It maintains the function of
B cells, and also increases the mass of 3 cells. It increases the sensitivity to insulin, suppresses
glucagon secretion by the o cells, slows down the process of gastric emptying, increases glucose
disposal and reduces quantity of food intake. GLP-1 infusion has a glucose lowering effect
in type 2 diabetic patients, and there is a rapid rise in blood glucose levels after termination of
the GLP-1 infusion.
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Fig. 1.9: The impact and actions of glucagon-like peptide-1 (GLP-1).
Source: Adapted from Kieffer & Habener (1999): Endocrine Reviews

GLP-1 in the Pancreas: Insulin Secretion and [3 cell Mass

GLP-1 rapidly and potently stimulates insulin secretion. GLP-1 also stimulates insulin gene
transcription, islet cell growth and neogenesis, additional potentially important functions that
may be clinically relevant for the treatment of diabetes.

GLP-1 in the Periphery: Gut Motility and Insulin Sensitivity

GLP-1 decreases gastric motility via direct effects on gastric smooth muscle and also inhibits
postprandial acid secretion. It also decreases small intestinal movement through inhibition
of smooth muscle activity, resulting in an overall reduction in the absorption of nutrients
from the gastrointestinal tract. It is more likely that reduced motility causes less severe post-
prandial glucose fluctuations and reduces the need for a large and rapid postprandial insulin
response.

GLP-1 also appears to improve insulin sensitivity and glucose uptake (Fig. 1.9).

GLP-1 in the CNS: Control of Appetite and Weight

GLP-1 has profound effects on feeding behavior. Although these actions of GLP-1 could be
partly related to its effects on intestinal motility, they also appear to directly affect the
hypothalamic feeding centers as GLP-1 receptors are found in specific nuclei within the
hypothalamus. Studies have shown that acute administration of GLP-1 induces satiety and
decreases calorie intake. In humans with type 2 diabetes, short-term GLP-1 or exendin-4
administration curbs appetite and food intake in addition to its insulinotropic actions,
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suggesting in long-term; this will promote weight loss in these patients. The ability of GLP-1
analogs to promote weight loss and improve [ cell function has made these agents useful
for the treatment of type 2 diabetes.

Properties and Biological Actions of GIP and GLP-1

In a nutshell, antidiabetic potential of GLP-1 is mediated by the following mechanisms:

¢ Glucose-dependent insulinotropic actions;

¢ Glucagonostatic actions;

e A reduction in appetite/promotion of satiety leading to reduced food intake and weight
reduction;

o The deceleration of gastric emptying; and

e The stimulation of islet growth, differentiation and regeneration.

The plasma enzyme dipeptidyl peptidase-IV (DPP-IV) cleaves GLP-1 very quickly and
thus GLP-1 has a half-life of only 2 minutes. Thus, GLP-1 has a short duration of action. The
glucagon-like peptide 1 receptor (GLP-1R) agonists are resistant to degradation by DPP-IV and
presently used for treating type 2 diabetes. Inhibition of DPP-IV also programs the action of
endogenous GLP-1, and DPP-1V inhibitions are liked as therapeutic agents.

Substances with Insulin-like Activity

Substances with insulin-like activity include IGF I and IGF II (insulin-like growth factors) also
called somatomedins. They are synthesized and secreted by liver, cartilage and other tissues
in response to growth hormone. The IGF receptor and the insulin receptor are very similar.
Their activity is weak when compared with insulin and cannot replace insulin. The insulin-like
growth factors are mainly concerned with growth.

DIABETES MELLITUS

Diabetes mellitus is a chronic disorder characterized by fasting and/or postprandial hyper-
glycemia with plasma glucose levels that are above defined limits during oral glucose tolerance
testing or random blood glucose measurements as defined by established criteria.

Type 1 Diabetes

There is absolute insulin deficiency due to autoimmune destruction of B cells. There is
also a genetic susceptibility to the disease. The main genetic abnormality is in the major
histocompatibility complex on chromosome 6. This usually presents at a younger age.

Type 2 Diabetes

This occurs due to insulin resistance or insensitivity of tissues to insulin and relative insulin
deficiency (and may later lead to absolute insulin deficiency).

Obesity is a major risk factor for the disease. The insulin resistance seems to be caused
by the toxic effects of increased lipid accumulation, which interferes with insulin signaling
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processes between receptor activation and cellular effects. Some studies have shown that
obese individuals have less number of insulin receptors in muscle, adipose tissue and liver.
They usually show an improvement in glucose tolerance with exercise.

Consequences of Disturbed Carbohydrate Metabolism

Decreased entry of glucose into insulin-sensitive cells and also increased release of glucose
from the liver leads to hyperglycemia. Glucose is a major source of energy in the cell and due
to deficient intracellular glucose, protein and fat reserves are used for energy. The increased
breakdown of fatleads to ketosis. Polyuria, polydipsia and polyphagia are seen in some diabetic
patients. The renal threshold for glucose is 180 mg%, i.e. if the plasma glucose value is raised
above 180 mg%, the ability of the kidney to reabsorb glucose is exceeded and glucose will
start appearing in urine (glycosuria). Thus, as glucose is lost in the urine, water is osmotically
dragged along with it (osmotic diuresis), leading to an increased urine output (polyuria). Since
lot of water is lost in the urine, it leads to dehydration and this triggers the processes regulating
water intake and causes increased thirst (polydipsia). Electrolytes are also lost in the urine.
The quantity of glucose lost in urine is enormous and thus to maintain energy balance the
patient takes in large quantities of food. Reduced glucose utilization by the ventromedial
nucleus of hypothalamus (satiety center) is also possibly the cause for the polyphagia.

The plasma glucose levels can get elevated to such an extent that the hyperosmolarity of
plasma can cause coma called hyperosmolar coma.

Consequences of Disturbed Lipid Metabolism

There is increased breakdown of lipids and decreased formation of fatty acids and triglycerides.
Increased fat breakdown leads to increased formation of ketone bodies, which leads to ketosis
and acidosis. The ketone bodies include acetoacetate, acetone and B-hydroxybutyrate.
The hydrogen ions formed from acetoacetate and [-hydroxybutyrate are buffered to a great
extent, beyond which metabolic acidosis occurs. The pH drops due to the acidosis and
the increased hydrogen ion concentration stimulates the respiratory center causing the
characteristic rapid and regular deep breathing called Kussmaul breathing.

The acidosis and dehydration can lead to coma and even death. The hormone-sensitive
lipase converts triglycerides to free fatty acids (FFAs) and glycerol. Insulin has an inhibitory
effect on this hormone. In the absence of insulin, the FFA levels greatly increase. The FFA
is catabolized to acetyl CoA in the liver and other tissues and the excess acetyl CoA is converted
to form ketone bodies.

Consequences of Disturbed Protein Metabolism

There is decreased protein synthesis and increased protein breakdown leading to protein
catabolism and muscle wasting. There is increased plasma amino acids and nitrogen loss in
urine. All this leads to negative nitrogen balance and protein depletion. Protein depletion
causes poor resistance to infections. There is increased gluconeogenesis in the liver since the
amino acids are converted to glucose.
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Table 1.1: Consequences of disturbed metabolism in diabetes.

Metabolic defect Chemical abnormality Clinical abnormalities
Carbohydrate metabolism

« 1l Glucose uptake by tissues | Hyperglycemia o Polyuria, Polydipsia,
(muscle, adipose tissue, liver) J Polyphagia

« 171 Glucose production 2°to | Glycosuria o Blurred vision

Glycogenolysis and glyconeo-
genesis in liver

Osmotic diuresis

¢ Diminished mental alertness
e Dehydration (— death)

Protein metabolism

o | Uptake of amino acids
« { Protein synthesis
« T Proteolysis

Negative nitrogen balance
7T Levels of branch chain
amino acid

7T Blood urea nitrogen
level

o« Weakness
e Poor resistance to infections
e Muscle wasting

o TK'level

Lipid metabolism
« T Lipolysis o T Plasma FFA o Loss of adipose tissue
« | Lipogenesis « 7T Plasma glycerol — Weight loss
« T Triglycerides, o Hypertriglyceridemia o Pancreatitis

FFA production « T Plasma and urine e Metabolic acidosis
« T Ketone production ketone — Hyperventilation —
« | Ketone excretion o T PlasmaLDL and VLDL Kussmaul breathing — death

o T Production of LDL
and VLDL

¢ Atherosclerotic vascular
disease

Consequences of Disturbed Cholesterol Metabolism

Diabetics are more prone for myocardial infarctions and stroke because the cholesterol levels

are elevated causing atherosclerosis. This is due to an increase in LDL (low-density lipoprotein)

and VLDL (very low-density lipoprotein) levels in the plasma, probably because of either
augmented production of VLDL in the liver or decreased removal of LDL and VLDL from the
blood stream (Table 1.1).

Further Complications

Long standing uncontrolled diabetes can lead to:
Microvascular complications like retinopathy, nephropathy and neuropathy involving the
peripheral nerves and autonomic nervous system.
Macrovascular complications like stroke, peripheral vascular disease and myocardial
infarction due to increased atherosclerosis caused by increased amounts of LDL

(as discussed above).

The microvascular complications are related to both duration of diabetes and uncontrolled
plasma glucose levels. Increased intracellular glucose levels (in cells such as endothelial cells
that are unable to downregulate glucose transport in the presence of increased extracellular
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glucose) cause formation of sorbitol due to activation of the enzyme aldose reductase.
Sorbitol decreases sodium potassium ATPase activity. The increased intracellular glucose also
nonenzymatically attaches to protein amino groups to form amadori products. The amadori
products form advanced glycosylation end-products (AGEs) which cause cross-linkage of
matrix proteins and, thus, cause damage to blood vessels. There is also increased accumula-
tion of sorbitol and fructose in Schwann cells due to hyperglycemia. This can interfere with
its structure and function.
Causes for delay in wound healing and gangrene in diabetes include:

Circulatory insufficiency due to atherosclerosis
Neuropathy

Protein depletion causes poor resistance to infections
AGEs cause a decrease in leukocyte response to infection.

SUGGESTED READING

1. Combettes MM. GLP-1 and type 2 diabetes: physiology and new clinical advances. Curr Opin
Pharmacol. 2006;6(6):598-605.

SELF-ASSESSMENT

1. Which one of the following is the most important source of blood glucose during
the last hour of 48 hours fast?

(a) Muscle glycogen (b) Acetoacetate
(c) Liver glycogen (d) Amino acids
(e) Lactate

2. Anobese individual with type 2 diabetes mellitus:

(a) Usually shows a normal glucose tolerance test
(b) Usually has a lower plasma insulin than a normal individual
(¢) Usually shows marked improvement in glucose tolerance if body weight is reduced
to normal
(d) Usually benefits from receiving insulin about 6 hours after a meal
(e) Usually has lower plasma levels of glucagon than a normal individual
3. Which one of the following is most found in untreated patients with type 1 and
type 2 diabetes?
(a) Hyperglycemia
(b) Low levels of insulin synthesis and secretion
(c) Synthesis of insulin with abnormal amino acid sequence
(d) Microangiopathy
(e) All of the above
4. Insulin causes:

(a) Increased gluconeogenesis (b) Increased glycogenolysis
(c) Increased glycogenesis (d) Lipid breakdown
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Somatostatin:

(a) Stimulates insulin and glucagon(b) Inhibits both insulin and glucagon
(¢) Inhibits only glucagon (d) Lipid breakdown

During diabetes there is “Starvation in the midst of plenty” because:

(a) Increased intracellular glucose and decreased extracellular glucose

(b) Decreased intracellular and extracellular glucose

(c) Increased extracellular and decreased intracellular glucose

(d) Increased intracellular and extracellular glucose

Kussmaul’s breathing seen in diabetes is due to:

(a) Hyperglycemia (b) Ketosis

(c) Metabolic acidosis (d) Polydipsia

The following acid base disturbance is a complication of diabetes:
(a) Metabolic acidosis (b) Metabolic alkalosis

(c) Respiratory acidosis (d) Respiratory alkalosis
Polydipsia in diabetes is due:

(a) Electrolyte depletion (b) Osmotic diuresis

(c) Decreased water intake (d) Decreased urine output

Renal threshold for glucose is:
(a) 150mg% (b) 180 mg%
(c) 200 mg% (d) 220 mg%



CHAPTER

Introduction
and Overview of
Glycemic Disorders

PART A: EPIDEMIOLOGY AND PATHOGENESIS

Nihal Thomas, Senthil Vasan K

“They say its genes not the blue variety,
Environs have a role, and the lack of satiety,
Epigenetics, low birth (weight) babies—problems for poor,
Duwindling secretion and resistance for sure.”

Diabetes mellitus is a heterogeneous group of metabolic disorders characterized by hyperglycemia. Regard-
less of its etiopathology, diabetes progresses through several clinical stages during its clinical history. It may
present with characteristic symptoms or individuals may remain asymptomatic for a very long time. Conse-
quently, diabetes is often diagnosed by an abnormal routine blood test and by then some complication has
already set in.

INTRODUCTION

Diabetes mellitus is a group of metabolic diseases characterized of hyperglycemia result-
ing from defects in insulin secretion, insulin action or both. The chronic hyperglycemia is
associated with long-term damage, dysfunction and organ failure especially of eyes, kidneys,
nerves, heart and blood vessels.

EPIDEMIOLOGY AND EVOLUTION

According to the findings of the Indian Council of Medical Research sponsored INDIAB study,
published in 2011, India is faced with a galloping diabetes epidemic which is progressing
at a speed which challenges the meanest and fastest on the Formula-1 circuit in a figurative
sense. There are now an estimated 70 million patients with diabetes in India and this number
is projected to explode beyond 100 million by the year 2030.

While diabetes in urban areas, with places like Cochin having figures in excess of 20% and
Chennai at 17% (both cities in Southern India), the epidemic is sweeping across the sub-
continent and engulfing rural areas as well, and across terrains which were previously
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perceived as untouched. A study which had been done by our institution [Christian Medical

College, Vellore (CMC), Tamil Nadu, India] and organized in rural Tripura, the first of its sort

in the North East part of the country, adjacent to the Bangladesh border demonstrated that

a part of rural Tripura had a prevalence of diabetes of 9%. This was in contrast to parts of

Himachal Pradesh a state in the Northern part of the country south of the Kashmir Valley,

which had a prevalence of 0.4% in the early 1990s.

The changing patterns of disease in a country which still has a major proportion of the
population in rural areas may be predictors of stories which may foretell a gloomy future. The
explosive growth of diabetes from across the country from the 1980s till now is essentially
multifactorial. The many reasons for the problem would be included:

o Cable television: Indeed television usage really increased markedly in the year 1989, with
the introduction of television through the cable TV network in India by the business
magnate, Rupert Murdoch was one of the important drivers of the diabetes epidemic

¢ Economic liberalization in India in 1991, with a direction towards a more free market
economy compared to a more socialistic one prior to that

e More processed food and high calorie density fast food at a cheaper rate, compared to
healthier low calorie food. Hence, the socioeconomically deprived, may in fact have a
greater propensity to develop weight gain through the food which they eat, rather than
those who are well off. In other words certainly cheaper oils are abundantly and are not
expensive compare to fresh fruits and vegetables

o The focus on academics rather than physical activities from a very early age as driven
by the India school curricular system

o Increased life expectancy: It is currently 67 years for males now as opposed to 56 years
in 1980 and 64 years for females, at the present point of time.

Asian Indian Phenotype and its Characterization

Besides epidemiological factors and changes in the demography, there is a baseline difference
with regards to the physical habitus of the Asian Indian. The overall physical frame differs
with a lower body mass index (BMI). Besides being shorter overall, there is a centripetal
distribution of fat which is present. A number of studies have compared the Asian Indian
phenotype by studying immigrant populations of Asian Indians with the white Caucasian and
other ethnic groups in those countries. For the same BM], the percentage body fat (BF) may
be more than 7% higher for Asian Indian men compared to Europeans in the same population
when measured by dual energy absorptiometry (DXA).

The ratio of abdominal fat to thigh fat, when adjusted for height, weight, and %BE is
generally significantly higher for Asian Indian men when compared to white Caucasian men
(Fig. 2.1).

The differences in phenotype extend much beyond BMI—including high total body fat,
high truncal, subcutaneous and intra-abdominal fat, and low muscle mass. The biochemical
parameters which differ include more profound hyperinsulinemia, hyperglycemia, dyslipi-
demia, hyperleptinemia, lower levels of adiponectin and high levels of C-reactive protein, all
these factors are associated with a procoagulant state and endothelial dysfunction.

The World Health Organization (WHO) has standardized the cutoff for obesity using
data from across Asia and has laid down the guidelines for a lower BMI in this regard, and
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Fig. 2.1: Proportion of diabetes (%) attributable to weight gain (30+ years).
Source: International Diabetes Federation. Diabetes Atlas, 2nd edition, Executive Summary. Brussels:
International Diabetes Federation; 2003.

there is clearly a shift to the left in terms of BMI in the Asian populations. The term “Asian”
is sometimes used rather liberally, and applies in general to anyone from the Middle East
to Japan. However, it is evident from the data that has been analyzed, that a significant shift
to the left is present in terms of BMI as a risk for cardiovascular disease and diabetes in both
the East Asian populations as well as in the South Asian populations (which comprise the
Asian Indians as well). The difference in body composition is profound in terms of BF% lead-
ing to graphic illustrations as described in the Y-Y paradox case report, where in the relative
quantity of total body fat may be double that seen in an Asian Indian versus a white Caucasian
subject.

Beyond BMI (which in itself may not be the most suitable of criteria), the waist circum-
ference (WC) may be a better index in itself as a more direct representation of intra-abdominal
fat, and in general correlate with the cardiovascular endpoints .The WC has been convincingly
established across the world from multicentric data analysis to be superior to BMI as a
marker for cardiovascular risk and may therefore be used as a better correlate for identifying
obesity in the Asian Indian phenotype than BMI. The increase in WC as a surrogate marker of
intra-abdominal fat, indeed correlates well with a higher likelihood ratio of type 2 diabetes
mellitus (T2DM) occurring in the Asian Indian population and this has been replicated well
in a number of studies that have looked at the epidemiology of diabetes in India.

Thrifty Genotype versus Phenotype Hypotheses

In 1961, Neel et al. proposed that an individual’s adaptation to the environment was dependent
on genes selected over a long period of time (thrifty genotype). In other words those genes
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Flowchart 2.1: Sequence of maternal nutrition and its impact on the fetus.
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that once favored survival in the presence of adverse environmental conditions, evolved to a
status of being detrimental in circumstances of sustained energy surplus.

This theory was subsequently challenged by Hales and Barker who proposed that
suboptimal fetal nutrition, at critical points of time in intrauterine development may cause
permanent alterations in fetal structure, function, metabolism due to fetal programming
(thrifty phenotype or fetal origins).

These theories are not mutually exclusive, but may complement one another, since the
consequences of both theories are similar: adults are well adapted to an environment that
is nutritionally limited, but are more likely to become unhealthy in a nutritionally rich
environment.

The fetal insulin hypothesis (FIH) proposed by Hattersley states that genetic variants
associated with insulin resistance may lead to impaired insulin-mediated growth prenatally,
leading to low birth weight and adverse metabolic outcomes in adulthood. Thus, low birth
weight is part of a syndrome that may be associated with in-utero insulin resistance which in
turn may manifest with diabetes and hypertension at the time of adulthood (Flowchart 2.1).

PATHOGENESIS
Type 1 Diabetes Mellitus

Type 1 diabetes mellitus (TIDM) is a chronic autoimmune disease characterized by the
immune mediated destruction of the B-cells of the pancreas by T cells leading to absolute
deficiency of Insulin. Multiple susceptibility genes that confer disease risk include the human
leukocytic genes (HLA) at the major histocompatibility complex (MHC) loci and several
non-HLA loci. Although, the exact etiology of TIDM remains unclear, evidences favor a
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Fig. 2.2: Model of type 1 diabetes mellitus (T1DM) pathogenesis.

Source: Devendra D, Liu E, Eisenbarth GS. Type 1 diabetes: recent developments. BMJ. 2004;328:750-4.
(IAA: Insulin autoantibody; GADA: Glutamic acid decarboxylase antibodies; ICA: Islet cell antibodies;
IVGTT: Intravenous glucose tolerance test).

complex interaction between genetic components and several environmental insults (virus,
cow milk protein, etc.) in the disease causation (Fig. 2.2).

Genetically susceptible individuals when exposed to an environmental insult such as
viruses (coxsackie, cytomegalovirus, rubella, and mumps) or dietary protein initiates a cascade
of autoimmune events that eventually leads to selective destruction of pancreatic B-cells.
Autoantibodies to glutamic acid decarboxylase-65 (GAD65), insulinoma antigen 2 (IA-2)
and insulin autoantibody (IAA) appear in the serum of subjects as a response to underlying
destructive process (and do not contribute to disease pathogenesis) even before the clinical
onset of the disease. This is followed by cellular infiltration of the pancreas by monocytes,
macrophages and T cells which initiate immune destruction. The hallmark of immune
infiltration at this stage is referred to as “insulitis” Subsequent chronic destruction of
the insulin producing cells brings about a stage of absolute insulin deficiency and at clinical
presentation almost 60-70% of the pancreatic 3-cells are destroyed (Flowchart. 2.2).

Genetic Factors

The genetic basis of T1IDM is complex and more than 30 chromosomal loci have been linked
to T1DM susceptibility, suggesting that TIDM is polygenic and implicated genes are risk
modifiers. The HLA region has been proposed to account for about 40-50% of the genetic
susceptibility and the HLA class II genes mediated susceptibility/protection is mediated
through antigen presentation in the islets and by the development of central and peripheral
tolerance. It is known that HLA-DQ association confers the strongest risk especially in
individuals heterozygous for DQA1*501-DQB1*0201/DQA1*0301-DQB1*302 (encoding
DQ2 and DQ8) haplotype, while protection from TIDM is conferred by DRB1*1501-
DQA1*0102-DQB1*0602 haplotype. Besides, some of the non-DQ/DR genes have also shown
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Flowchart. 2.2: Pathogenesis of type 1 diabetes.
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(IAA: Insulin autoantibody; GAD: Glutamic acid decarboxylase; ICA: Islet cell antibodies; HLA: Human
leukocytic genes).

Table 2.1: Candidate genes associated with type 1 diabetes mellitus (T1DM).

Gene Position Putative function

INSVNTR |11pl5.5 Autoantigen/shaping of the T-cell repertoire in the thymus

CTLA4 2q33 Downregulation of the T-cell function and regulation of immune responses
(IDDM 12)

PTPN22 1p13 Negative regulator of T-cell reactivity

CD4 12p12 Early phase of T-cell activation and clonal expansion

IRS-1 2q36 Part of insulin receptor

VDR 12q12-14 |Vitamin D having immunoregulatory function

to be associated with T1DM risk. Candidate genes outside the HLA region reported to be
associated with increased T1DM risk are given in Table 2.1.

Some genetic loci (CD3, TCR, IFNG, IL1B, IL1R1, IL10 and IL12B) have shown inconclu-
sive risk modifying effect in T1DM susceptibility.

Autoimmunity

“Islet autoantibody” refers to antibodies that are directed against the islets of Langerhans
in general and in some circumstances specifically against the autoantigens of the insulin
producing B-cells. Islet autoantibodies appear prior to the onset of the disease and may
persist for several years after the clinical presentation but with much lower titers. Therefore,
autoantibodies appear to be good predictors of T1DM, although a minor proportion of indivi-
duals who are antibody positive do not develop diabetes. The list of islet antibodies and
autoantigens till date has been many, but the most important include the GAD autoantibodies,
IA2 associated protein, IAA and zinc transporter 8 (ZnT8) islet autoantibody. Other antibodies
are difficult to measure and/or not sufficiently sensitive or specific markers in TIDM. Table 2.2
shows the salient features of the important antibodies in TIDM.
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Table 2.2: Antibodies in type 1 diabetes mellitus (T1DM).

GAD Exists in two isomeric forms GAD65 and GAD68, based on molecular weight

Most persistent autoantibody and is also useful in the diagnosis of LADA

Catalyzes the conversion of glutamic acid to the inhibitory neurotransmitter GABA
(y-amino butyric acid)

1A-2A Member of the protein tyrosine phosphatase family and is a transmembrane protein
Less common at TIDM onset

Autoreactivity to the predominant c-terminal epitope of IA-2A is known as ICA512
autoantibodies

ICA Detected in 70-80% individuals with TIDM

First antibody to appear in TIDM

Declines in few years after diagnosis and about less than 5% of individuals remain positive
for longer periods

Most difficult antibody to measure because ICA assays are subject to variations in
pancreatic tissue, conjugate incubation time, etc.

Reacts against sialoglyco conjugate, an insulinoma associated autoantigen

TIAA Is the only specific 3-cell autoantibody

Most common in the new onset young T1DM than adults

IAA determinations in serum are no longer valid once insulin treatment is initiated in
patients with TIDM

Most difficult to accurately measure and reproduce

ZnT8A |Isa 369 AA, 6-transmembrane ZnT8 protein that concentrates Zn in insulin secretory
granules

The ZnT8 protein is encoded by SLC30A8 gene. Alleles of SLC30A8 have been shown
to be also associated with T2DM

(TIAA: Insulin autoantibody; GAD: Glutamic acid decarboxylase; ICA: Islet cell antibodies; T2DM:
Type 2 diabetes mellitus; ZnT8: Zinc transporter 8; IA-2A: Insulinoma associated-2 autoantibodies;
LADA: Latent autoimmune diabetes of adults).

Role of Islet Autoantibody Testing in Clinical Practice

Islet autoantibody testing in clinical practice may be important in the following situations:

o Diagnosis of autoimmune diabetes (T1DM and LADA)

o Differentiating young onset T2DM from young T1DM

o Acute onset ketotic or ketoacidotic diabetes in obese individual

e Nonketotic diabetes in a lean individual

e In conjunction with other antibody testing in polyglandular autoimmune disease

¢ Inconjunction with other coexisting conditions like celiac disease, Hashimoto’s thyroiditis.
It is important to note that differentiating autoimmune diabetes from other forms is critical
in early initiation of insulin therapy to preserve [ cell function and good glycemic control
from early periods to delay the onset of microvascular complications.

Environmental Factors

Although there is little direct relationship between environmental factors and T1DM develop-
ment, sufficient evidence have demonstrated the role of certain viruses and dietary factors
in disease etiopathogenesis. Potential dietary triggers investigated include early exposure to
cow’s milk, gluten-containing diet, shorter duration of breast feeding and some food additives.
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Viruses as an etiological trigger were suspected in view of coincidence between seasonally
occurring T1DM and viral epidemics and presence of proinflammatory cytokine interferon
alpha (IFN-a) only in T1DM subjects prior to viral infections. The strongest evidence was
for rubella infection, where direct destruction of B-cells has been reported. Other viruses
reported in TIDM trigger include coxsackie and certain enteroviruses.

Type 2 Diabetes Mellitus

It is one of the leading health problems of the world and its prevalence has risen dramatically
over the years due to the increased calorie consumption and sedentary life-style. The imbalance
between energy intake and expenditure is the most important underlying pathology and
is regulated by complex interaction between multiple genes and environmental factors.
The disease is most often suspected to be due to defects both at the level of insulin resistance
and insulin secretion.

Genetic Factors

The heritability of T2DM is high (estimated to be >50%) and provides evidence to the genetic
risk associated with T2DM. However, only 10% of the heritability can be attributed to the genetic
loci discovered so far, because most of this loci display very low effect size. Approximately
30 loci have been identified to be associated with diabetes related traits. Of these, TCF7L2 is
the strongest susceptibility locus associated with B-cell dysfunction. Other robustly associated
loci include the non-synonymous variants in the PPARG and KCNJ11 genes. A concise list
of important genetic variants and their putative function is listed in the Table 2.3. Studies on
the risk variants of T2DM in healthy population have demonstrated that these variants act
through perturbation of insulin secretion rather than insulin action.

Environmental Factors

Lifestyle: The major precipitating factor is environment and high calorie food intake with
sedentary lifestyle has been indisputably linked to development of obesity and T2DM.
Dietary culprits chiefly include processed, energy-dense foods characterized by high sugar
and fat. Micronutrient imbalances that include intake of diet low in Vitamin D, Vitamin B12
and increased body iron stores have also been implicated in the pathogenesis of T2DM. The
lack of physical activity due to increased preference to access motorized transport, escalators
and elevators; professions which entail little physical activity and a sedentary posturing
increase T2DM risk. Other environmental factors such as sleep deprivation, socioeconomic
status has also shown to have a bearing on development of T2DM.

Fetal and Neonatal Programming/Epigenetic Effects

Fetal and neonatal programming has shown to have important implications in the develop-
ment of adult disease. There are strong evidences that provide a link between intrauterine
growth restriction and adult disease such as obesity, hypertension, T2DM and cardiovascular
disease. An inverse relationship is found between birth weight and adult T2DM suggesting
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Table 2.3: Candidate genes in type 2 diabetes mellitus (T2DM).

Putative
Locus Gene name Association function
PPARG Peroxisome proliferator-activated receptor y T2DM A
KCNJ11 Potassium inwardly reflecting channel, subfamily J, T2DM A
member 11
TCF7L2 Transcription factor 7-like 2 T2DM, glucose A
and HbAlc levels
HNF1 HNF1 homeobox T2DM A
WES1 Wolfram syndrome 1 T2DM A
FTO Fat mass and obesity associated T2DM, BMI IR
HHEX/ Homeobox, hematopoietically expressed/ insulin de- T2DM A
IDE/KIF11 | grading enzyme/kinesin-interacting factor 11
CDKALI1 CDKkS5 regulatory subunit associated protein 1-like 1 T2DM A
IGFBP2 Insulin-like growth factor binding protein-2 T2DM A
KCNQ1 Potassium voltage gated channel, KQT-like subfamily, T2DM A
member 1
IRS1 Insulin receptor substrate 1 T2DM IR
MTNRI1B | Melatonin receptor 1B T2DM, glucose A, B
and HbAlc levels
and HOMA-f
GCK Glucokinase T2DM, glucose, C
HOMA-
HbA1C
ADCY5 Adenylate cyclase 5 T2DM, glucose, B
HOMA- HbAlc
IGF1 Insulin-like growth factor Insulin, HOMA-IR IR

A:Role in B-cell development, 3-cell function and insulin secretion

B: Role in regulation of circadian rhythm

C:Role in glucose sensing

IR: Role in Insulin resistance

(BMI: Body mass index; HbAlc: Glycosylated hemoglobin; HOMA: Homeostatic model assessment).

that fetal undernutrition might be important in the etiology of T2DM. Thinness at birth and
in adult life have opposing effects on insulin resistance, such that subjects who were underweight
at birth and become overweight in middle age have a greater risk for T2DM. Low birth weight,
by multiple mechanisms may lead to a greater propensity for T2DM, later in life which includes
both insulin resistance as well as insulin secretory defects. This could be due to increased
peripheral insulin resistance, especially in muscles and reduced hepatic insulin sensitivity.
Additionally defects in glucose transporter type 4 (GLUT-4) and insulin secretion have been
identified in those born low birth weight. A secretory defect in the -cell may be present from
a fairly early point of time in life.

Vitamin B12 deficiency during pregnancy, particularly in women replete for folic acid
have been shown in some situations, to give birth to offspring who develop childhood adiposity
and insulin resistance in adulthood.
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Flowchart. 2.3: Role of genetic factors, obesity and inflammation in diabetes.
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Source: Dandona P, Aljada A, Bandyopadhyay A. Inflammation: the link between insulin resistance, obesity
and diabetes. Trends Immunol. 2004;25:4-7.

(ROS: Reactive oxygen species; NF-kB: Nuclear factor-kappaB; CRP: C-reactive protein; TNF: Tumor
necrosis factor; IL: Interleukin; T1D: Type 1 diabetes; T2D: Type 2 diabetes).

Higher birth weight (>4.0 kg) in the presence of maternal diabetes, may also be associated
with an increased risk of diabetes. Children born prematurely, irrespective of their birth
weight, may be at increased risk for type 2 diabetes and other diseases of adulthood associated
with insulin resistance.

Role of Obesity and Inflammation

Plasma concentrations of inflammatory mediators such as tumor necrosis factor-o. (TNF-a.)
and interleukin-6 (IL-6) are increased in insulin resistant states such as obesity and T2DM.
Two mechanisms are possibly involved in this inflammatory state—(1) glucose and macro-
nutrient intake causes oxidative stress and inflammatory changes. Chronic overnutrition
in obesity may thus be a proinflammatory state with oxidative stress; (2) the increased
inflammatory mediators might interfere with insulin action by suppressing insulin signal
transduction, in turn inhibiting the anti-inflammatory effect of insulin. Other inflammatory
markers that are increased in plasma include C-reactive protein (CRP) and PAI-1.

Macronutrient intake causes induction of reactive oxygen species (ROS) and inflamma-
tion. This occurs in obesity due to increased free fatty acids and leptin. Infection, smoking and
stress can also induce inflammation in genetically susceptible individuals. The induction
interferes with insulin signaling resulting in hyperglycemia and proinflammatory changes
leading to release of TNF-o, IL-6 and inhibition of insulin signaling. Inflammation in the
B-cells leads to -cell dysfunction which in combination with insulin resistance causes T2DM
(Flowchart 2.3).

Other forms of diabetes such as lipodystrophic diabetes are covered in greater detail in
the Chapter on “Secondary Diabetes and Other forms of Diabetes”.
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PART B: CLASSIFICATION AND APPROACH

Nihal Thomas, Senthil Vasan K

CLASSIFICATION

The vast majority of cases of diabetes fall into two broad etiopathogenetic categories:
1. Type 1 diabetes mellitus (T1IDM): Absolute deficiency of insulin secretion
2. Type 2 diabetes mellitus (T2DM): Combination of insulin resistance and inadequate
compensatory insulin secretory response (relative insulin deficiency).
Diabetes can also develop secondary to other causes like genetic defects in beta cell
function, genetic defects in insulin action and diseases of the exocrine pancreas or intake of
certain drugs (Table 2.4).

Table 2.4: Etiological classification of diabetes.

I. Type 1 diabetes mellitus
A.Immune mediated
B. Idiopathic
II. Type 2 diabetes mellitus
III. Other specific types
A. Genetic defects in beta cell function - MODY type 1 to type 6 Mitochondrial diabetes
B. Genetic defects in Insulin action - Type A Insulin resistance
- Lipoatrophic diabetes

C. Pancreatic diseases - Fibrocalcific pancreatitis
Pancreatectomy
Cystic fibrosis

D. Endocrinopathies - Acromegaly
Cushing’s syndrome
Pheochromocytoma
Hyperthyroidism

E. Druginduced - Glucocorticoids
Thyroid hormone
Diazoxide
Thiazides
Dilantin
Vacor, Pentamidine, Olanzapine, Rifampicin

FE. Infections - Congenital Rubella
Cytomegalovirus
Mumps

G. Uncommon forms of immune - “Stiff-man” syndrome

mediated diabetes Anti-insulin receptor antibodies

H. Genetic syndrome association - Down’s syndrome
Turner’s syndrome
Klinefelter’s syndrome
Myotonic dystrophy
Prader-Willi syndrome

IV. Gestational Diabetes

(MODY: Maturity onset diabetes of the young).
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The degree of hyperglycemia may change over time, depending on the extent of the
underlying disease process.

HISTORY TAKING IN DIABETES
Demographic Data

It is essential to capture demographic details of all diabetic patients not only to facilitate
good doctor patient interactions but also to make meticulous therapeutic decisions. It is
important to know the correct age of the patient to be able to define the type of diabetes
that the patient might have and also to identify future high risk periods like pregnancy and
puberty. The working schedule and occupation is important to know the feasible dietary
patterns and flexibility required in suggesting optimal therapeutic options, which the patient
can follow without major inconvenience. This enables long-term compliance to both lifestyle
and medications. It is essential to know the monthly income of the patient, to make certain
the compliance to medications, as diabetic therapies could range from very negligible cost to
huge sum of money per day. Moreover most of these medicines need to be continued on a
long-term basis and hence need to fit the patient’s pocket.

Chief Complaints

To ensure best patient’s satisfaction it is important to address the prime reason that brought
the patient to the hospital. As in addition to managing all other aspects of diabetes to the
possible extent, if these primary issues are not addressed the patient shall not be satisfied.
Many a times these are problems arising from poor glycemic control.

Diabetic History

It is of prime importance to know the duration of diabetes in every patient since this would
indirectly reflect the extent and severity of disease process. This may also predict the extent
of underlying diabetic complications that a particular patient may need to be screened for.

The history of diabetes begins from its inception. Though many a times it may not be
possible to know the exact time of onset of diabetes, however the time of its first clinical detec-
tion is often an important indicator. The initial presenting symptoms and the initial glucose
values also predict the severity of disease at that point and predict long-term cardiovascular
outcomes.

Other etiological history like weight at the onset of diabetes, past history of diabetic
ketoacidosis, response to prior medications, associated abdominal pain and steatorrhea may
further characterize the type of diabetes. It is also essential to have a high index of suspicion
for any features to indicate secondary diabetes, most of which are often curable.

It is imperative to note the current list of diabetic and nondiabetic medications and their
compliance from all patents, as that would suggest the dose-response relation of these drugs
to the present glucose values. If the patient is on insulin it becomes critical to inquire about
the site, storage and technique of administration as that many a time may be the main reason
for glycemic excursions in these patients.
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It is also vital to find out the frequency and method of glucose monitoring and the type
of control achieved over the past few months, in all patients with diabetes. This apart from
glycemic control also displays patients’ attitude, knowledge and seriousness towards the
disease. All patients should be explored for probable hypoglycemic episodes that they may
have experienced in the past. If so, we should further probe on the timing, precipitating event
and recovery measures taken, to avoid further such episodes.

A detailed dietary history is indispensible in patients with diabetes. A detailed dietary
recall and calorie intake is necessary to analyze prior to prescribing any medication. It is also
imperative to know the total number of meals and snacks taken in a day. An approximate
dietary calcium intake is also important in patients with diabetes especially those who have
additional risk factors for fractures.

The type and duration of exercise and its frequency per week is obligatory to be determined.
The timings of medications and exercise schedule should be planned with the help of this
information.

Symptoms related to microvascular complications as enumerated in specific chapters
should be assessed historically. In addition, the effect of these complications on the quality
of life is more vital as accordingly the priority of management should be outlined.

Past history of macrovascular complications like coronary artery disease and cerebro-
vascular disease should be asked. However, symptoms like angina and transient ischemic
attacks are often pointers of more fatal complications in future, which may be preventable.

Peripheral vascular disease should be evaluated by symptoms of claudication. These
should differentiate from symptoms of neuropathic pain as covered in the chapter of diabetic
foot. A detailed history of autonomic symptoms is also important, as they often hinder day to
day normal functioning and require appropriate management.

To know past history of infective complications in patients with diabetes is also of para-
mount importance, as urinary tract and lower respiratory tract infections are the leading cause
of death in developing countries in these individuals. Also history of associated disorders
like hypertension, dyslipidemia and obesity should be inquired in all patients due to the
similar pathogenesis in most such disorders.

Past Medical and Surgical History

Any other significant past medical and surgical history always provides a comprehensive
picture of all other problems in a patient as whole and would always require an appropriate
management or referral to provide complete medical treatment.

Family and Personal History

To know a detailed family history, covered up to three generations is almost indispensible
in all patients with diabetes. Not only to know the members affected with diabetes, but also
the age of onset of diabetes in them may provide a clue to the etiological diagnosis. At last a
brief personal and socioeconomic history should also be asked to all patients, as many a time
the compliance of therapy may be dependent on several such issues. In women, menstrual
and obstetric history also can be used as a marker of general health and may indirectly reflect
the control of diabetes.
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DIAGNOSIS OF DIABETES MELLITUS

Diagnosis of diabetes is based upon plasma glucose levels. Three ways to diagnose diabetes
are possible and each, in the absence of unequivocal hyperglycemia, must be confirmed, on
a subsequent day. The 75 g oral glucose tolerance test (OGTT) is more sensitive and modestly
more specific than fasting plasma glucose (FPG) in the diagnosis of diabetes, but is poorly
reproducible. Because of its ease, patient acceptability and lower cost, measurement of
FPG is the preferred diagnostic test. The use of the hemoglobin Alc (glycosylated hemo-
globin or HbAlc) for the diagnosis of diabetes was previously not recommended due to lack
of global standardization and uncertainty about diagnostic thresholds. Presently, because
of a worldwide move towards a standardized assay and with increasing evidence about the
prognostic significance of HbAlc, it is included as a diagnostic test in the 2011 American
Diabetes Association (ADA) guidelines (Box 2.1).

CONCEPT OF PREDIABETES

The evolution of T2DM follows through different stages as shown in the Figure 2.3. Impaired
fasting glucose (IFG) and impaired glucose tolerance (IGT) are the fore-runners of future
T2DM (collectively termed as prediabetes). These states include a proportion of people who
belong to the intermediate group of subjects whose glucose levels, although do not meet the
criteria for diabetes are nevertheless too high to be considered normal. These patients may
develop diabetes in future if their glycemic status is not maintained by modification of lifestyle
(Fig. 2.3).

The significance of impaired fasting glycemia and IGT
o Increased risk for cardiovascular/cerebrovascular diseases
o Predictor of subsequent diabetes mellitus
e Diabetic range values may be unmasked with stress.

Box 2.1: Criteria for diagnosis of diabetes mellitus.

o HbAIlc 2 6.5%. The test should be performed in a laboratory using a method that is NGSP certified
and standardized to the DCCT assay
OR
o Fasting > 126 mg/dL. Fasting is defined as no caloric intake for at least 8 hours
OR
e 2-hr plasma glucose > 200 mg/dL during an OGTT. The test should be performed as described
by the World Health Organization, using a glucose load containing the equivalent of 75 g
anhydrous glucose dissolved in water*
OR
¢ Symptoms of hyperglycemia and a casual plasma glucose > 200 mg/dL. Casual is defined as any
time of day without regard to time since last meal. The classic symptoms of hyperglycemia include
polyuria, polydipsia, and unexplained weight loss

(NGSP: National glycohemoglobin standardization program; DCCT: Diabetes control and complications
trial; OGTT: Oral glucose tolerance test).

*In the absence of unequivocal hyperglycemia, the first three criteria should be confirmed by repeat test-
ing on a different day.
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Fig. 2.3: Natural history of type 2 diabetes: Disease evolution.

Table 2.5: Diagnosis of IFG and IGT based on International Diabetes Federation criteria.

Venous whole blood Capillary whole blood

Plasma (mg/dL) (mg/dL) (mg/dL)
Impaired fasting glucose
Fasting glucose 110-125 100-109 100-109
2 hour postglucose load <140 <120 <140
Impaired glucose tolerance
Fasting glucose <126 <110 <110
2 hour postglucose load 140-199 120-179 140-199

Diagnosis of Impaired Fasting
Glycemia and Impaired Glucose Tolerance

The diagnosis of IFG and IGT based on International Diabetes Federation (IDF) criteria is
given in Table 2.5.

| CONCEPT OF “THE METABOLIC SYNDROME”

The metabolic syndrome also referred to as syndrome X or insulin resistance syndrome
refers to a cluster of cardiovascular disease risk factors and metabolic alterations associated
with excess body fat.

Even though there are different definitions the following are central to the diagnosis-
abdominal obesity, dyslipidemia, hypertension and glucose intolerance or diabetes. Insulin
resistance and accompanying hyperinsulinemia is said to play a central role in the pathogenesis
of the syndrome with a casual relationship to hypertension. This may be due to the effects
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of insulin in the periphery on vasculature as well as a central action leading to stimulation
of sympathetic activity and in turn the renin-angiotensin-aldosterone system.

A new joint statement from a number of professional organizations on October 12, 2009
has identified specific criteria for the clinical diagnosis of the metabolic syndrome, tightening
up the definition, which previously differed from one organization to the next. The statement,
published online on October 5, 2009 in circulation, includes the participation of the Inter-
national Diabetes Federation (IDF), the National Heart, Lung and Blood Institute (NHLBI),
the World Heart Federation, the International Atherosclerosis Society and the American Heart
Association (AHA) and is an attempt to eliminate some of the confusion regarding how to
identify patients with the syndrome.

The problem that still exists is that regional differences around the world may be
substantial in terms of what waist circumference (WC) confers additional risk for heart disease
and diabetes. The new definition relies on different geographic regions, or different countries,
to drill down into their own databases in terms of relating WC to risk. It is to be noted that the
IDF previously considered elevations in WC mandatory when defining metabolic syndrome,
although the ATP III did not. Now, WC is just one of five criteria that physicians can use when
diagnosing the metabolic syndrome. Patients with three of the five criteria—including eleva-
ted waist circumference, elevated triglycerides, reduced high-density lipoprotein (HDL)-
cholesterol levels, elevated blood pressure, and elevated fasting-glucose levels are considered
to have the syndrome (Fig. 2.4 and Table 2.6).

Clinical Context

The metabolic syndrome has received significant attention because of its role in disease.
In general, patients with this syndrome exhibit a proinflammatory state and in addition to
high serum levels of triglycerides and low levels of HDL cholesterol, they tend to have high
levels of apolipoprotein B and elevations in small low-density lipoprotein (LDL) particles.
All of these factors contribute to doubling the risk for incident cardiovascular disease within
5-10years as well as a five-fold increase in the risk for incident type 2 diabetes.

Despite the importance of the metabolic syndrome as a risk marker, there remains
disagreement regarding the best way to define it. The current scientific statement attempts
to clarify the definition of metabolic syndrome and identifies possible future refinements to
this definition.

Study Highlights

e The primary factors used to define the metabolic syndrome have been atherogenic
dyslipidemia, elevated blood pressure, and elevated blood glucose levels.

o Whereas some criteria for metabolic syndrome excluded patients with existing type 2
diabetes, current recommendations do not.

o The most significant controversy regarding the definition of the metabolic syndrome has
been the inclusion of abdominal obesity. It has been required in some recommendations
to diagnose the metabolic syndrome, whereas it has served as a nonintegral variable in the
diagnosis in other algorithms.
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Fig. 2.4: Different definitions of metabolic syndrome.
(TGL: Triglycerides; HDL: High-density lipoprotein; BP: Blood pressure; IGT: Impaired glucose tolerance;
IFG: Impaired fasting glucose; T2DM: Type 2 diabetes mellitus; BMI: Body mass index).

Table 2.6: Criteria for clinical diagnosis of the metabolic syndrome.
Measure Categorical cut points

Elevated waist circumference Population- and country-specific definitions

Elevated triglycerides (drug treatment for elevated >150 mg/dL
triglycerides is an alternate indicator)

Reduced HDL cholesterol (drug treatment for reduced | <40 mg/dL for males and

HDL cholesterol is an alternate indicator) < 50 mg/dL for females
Elevated blood pressure (drug treatment for elevated | Systolic >130 mm Hg and/or
blood pressure is an alternate indicator) diastolic >85 mm Hg

Elevated fasting glucose (drug treatment for elevated | >100 mg/dL
glucose is an alternate indicator)

(HDL: High-density lipoprotein).
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e Moreover, the definition of abdominal obesity is challenging. Predictive values for various
levels of abdominal obesity for cardiovascular disease and diabetes may differ. Different
health systems may define abdominal obesity based on more strict or loose criteria to
satisfy pragmatic public health or economic concerns.

e Mostimportant, the WC threshold for abdominal obesity varies according to sex and ethnic
group. For example, the World Health Organization cutoff values for abdominal obesity for
Caucasians are 94 cm or more and 80 cm or more for men and women, respectively. Their
respective cutoff values for Asian men and women are 90 cm and 80 cm, and the Japanese
Obesity Society defines its respective cutoff values at 85 cm and 90 cm.

o The population-specific method of defining abdominal obesity is also limited by a lack of
information from large regions, including the Middle East and Africa.

¢ At the same time, the use of common diagnostic thresholds across international borders
and types of patients will make the diagnosis of metabolic syndrome easier to understand
and treat.

e Using recommendations from the different organizations, the authors of the current
scientific statement therefore recommend five specific criteria and categorical cutoff
points to diagnose metabolic syndrome. Patients with at least three of these five criteria
may be considered to have the diagnosis. The criteria are as follows:

- Elevated triglyceride levels or drug treatment of these elevated levels [> 150 mg/dL (>
1.7 mmol/L)]

- Reduced HDL cholesterol levels or drug treatment of these reduced levels [< 40 mg/dL
(1.0 mmol/L) in men; < 50 mg/dL (1.3 mmol/L) in women]

- Elevated blood pressure or treatment of hypertension (systolic 130 mm Hg and/or
diastolic > 85 mm Hg)

- Elevated fasting glucose levels or treatment with antihyperglycemic medications (> 100
mg/dL)

- Elevated WC (population and country-specific definitions)

- New data should emerge, which may help to determine a standard definition for
elevated WC and additional meetings between lead organizations will focus on the
development of a single set of diagnostic criteria for metabolic syndrome.

Clinical Implications

The metabolic syndrome is associated with high levels of apolipoprotein B and increases
in small LDL particles as well as a two-fold increase in the risk for incident cardiovascular
disease and a five-fold increase in the risk for incident type 2 diabetes

The current international guidelines set cutoff points for four of the five criteria that
contribute to the diagnosis of metabolic syndrome, but the variability of WC based on sex
and race makes a uniform definition for abdominal obesity difficult.

SCREENING FOR DIABETES

The following are the ADA guidelines to select asymptomatic adult individuals who will need
testing for prediabetes and diabetes.
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1. Testing should be considered in all adults who are overweight [body mass index (BMI)
> 25 kg/m?] and have additional risk factors:
A. Physical inactivity
B. First-degree relative with diabetes
C. Members of a high-risk ethnic population (e.g. African American, Latino, Native

American, Asian American, Pacific Islander)
. Women who delivered a baby weighing >4 kg or were diagnosed with gestational
diabetes mellitus (GDM)

E. Hypertension (>140/90 mm Hg or on therapy for hypertension)

F. HDL cholesterol level <35 mg/dL (0.90 mmol/L) and/or a triglyceride level >250 mg/dL
(2.82 mmol/L)

G. Women with polycystic ovarian syndrome (PCOS)

H. IGT or IFG on previous testing

Other clinical conditions associated with insulin resistance (e.g. severe obesity,

acanthosis nigricans)
J. History of cardiovascular disease.

2. In the absence of the above criteria, testing for prediabetes and diabetes should begin at
the age of 45 years.

3. Ifresultsarenormal, testingshould berepeated atleastat 3 yearintervals, with consideration
of more frequent testing depending on initial results and risk status.

w)

—

SUMMARY OF RECOMMENDATIONS FOR
ADULTS WITH DIABETES

Glycemic Control Targets

e HbAlc:<6.5%

o Fasting glucose: 70-130 mg/dL

o Postprandial glucose: <180 mg/dL
e Blood pressure: <130/80 mm Hg

Lipids
o LDL cholesterol: <100 mg/dL (<70 mg/dL in patients with overt cardiovascular disease)

o Triglycerides: <150 mg/dL
o HDL cholesterol: >40 mg/dL (men), >50 mg/dL (women)

Key Concepts in Setting Glycemic Goals

e Goals should be individualized based on duration of diabetes, age, life expectancy, known
heart disease, advanced microvascular complications and hypoglycemia unawareness

e HbAlcis a primary target for glycemic control

e Certain group of people like children, pregnant women and elderly require special
considerations
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e More stringent glycemic goals (i.e. HbAlc <6%) may further reduce complications at the
cost of increased risk of hypoglycemia especially in TIDM

e DPostprandial glucose may be targeted if HbAlc goals are not met despite reaching
preprandial glucose goals

e More recently some studies suggest that the elderly may have a poorer cardiovascular
outcome with tight glycemic control (Hb <7%). However this evidence has not been
supported by all studies.

GLYCOSYLATED HEMOGLOBIN

Glycation refers to nonenzymatic addition of a sugar residue to an amino group of a protein.
Hemoglobin, plasma proteins, membrane proteins, lens protein, etc. may undergo glycosyla-
tion. HbA1c forms the major fraction (80%). In HbA1C, the N-terminal valine residue of each
beta chain gets glycated.

HbAlc gives a retrospective index of integrated plasma glucose values over a 6-8 weeks
period and is not subject to wide fluctuations in plasma glucose levels (Table 2.7). HbAlc
serves as a reliable indicator of diabetes control during the past 90 days, effectiveness of
treatment and risk of development of acute or long-term complications. Hence HbA1lc should
be performed routinely in all patients with diabetes, to assess the degree of glycemic control
at initial visit and then as a part of continuing visits every three months to assess metabolic
control.

Normal HbAlc values and interpretation:

e Normal nondiabetic range: 4.5-5.8%
e Serious risk of hypoglycemia: < 4.5

e Diabetic range: > 6.5%

e Prediabetic range: 5.8-6.5%

There are some conditions which may lead to a false elevation or reduction in HbAlc
levels. Hemoglobinopathies like thalassemia, hereditary persistence of fetal hemoglobin,
a low hemoglobin level per se (<7.0 g/dL) and uremia are known to cause altered levels of
HbAlc. More recently there are consensus guidelines being developed to predict the risk of

Table 2.7: Approximate correlation between glycosylated hemoglobin (HbA1c) and mean plasma
glucose levels.

HbAIc% Mean plasma glucose (mg/dL)
5 97
6 126
7 154
8 183
9 212
10 240
11 269
12 298
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Table 2.8: Follow-up of patients and frequency of testing.

Tests Time to visit
Blood glucose - Controlled (HbAlc < 7%)—every 3 months
- Uncontrolled—every 2 weeks until target sugars achieved
HbAlc - Controlled (HbAlc < 7%)—6 months to 1 year
- Uncontrolled—every 3 months
Tests for neuropathy
Monofilament - Annual
Biothesiometer - Annual
Foot examination - Oncein 3 months
Test for retinopathy
Fundus examination - Annually. If evidence of retinopathy detected at first visit,
follow-up every 3-6 months
Tests for nephropathy
Urinary microalbumin - Annual
(or 24 hours urinary protein)
Serum creatinine - Annual
Miscellaneous tests
ECG - Annual
Treadmill test - By5 years after onset of diabetes mellitus, then once in 2 years
Lipid profile - annual. If abnormal every 6 months
Plain X-ray abdomen - If BMI < 20 kg/m?* Or USG abdomen

(BMI: Body mass index; USG: Ultrasonography; ECG: Electrocardiography; HbAlc: Glycosylated hemo-
globin).

diabetes with HbAlc. HbAlc criteria for identifying patients with impaired glucose regulation
were derived using data from the National Health and Nutrition Survey, 2005-2006. Compared
with other cut points, a HbAlc cut point of 5.7% had the best sensitivity (39%) and specificity
(91%) for identifying cases of IFG (FPG =100 mg/dL). The expert committee has also suggested
that patients with HbAlc levels between 5.7% and 6.4% are at high risk and should receive
proven preventive interventions (Table 2.8).

Individuals with diabetes mellitus would have periodic assessment of this glycemic status,
and also screening for the micro- and macrovascular complications of diabetes. A model
diabetes case record is shown in Appendix 2.1.
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SELF-ASSESSMENT

1. Regarding anthropometric measurements in relation to obesity, which of the
following are least likely to be true:

(a) Bodymass index less than 23 kg/m? indicates malnutrition
(b) Body mass index more than 40 kg/m? indicates morbid obesity
(c) Body mass index more than 27 kg/m? in males indicates overweight
(d) Waist-hip ratio in males more than 0.9 is abnormal
(e) Waist-hip ratio more than 0.85 in females is abnormal
2. A 39 year-old man presents with the following profile: BMI: 26 kg/m? AC: 120 mg/dL,
PC 160 mg/dL, Total Cholesterol: 240 mg/dL, LDL Cholesterol: 140 mg/dL, HDL
Cholesterol: 50 mg/dL. Which of the following is not true?
(a) He hasimpaired glucose tolerance
(b) He has an increased coronary vascular risk
(c) He does not have an increased cerebrovascular risk
(d) Thereis a component of impaired fasting glycemia
(e) Smoking would enhance coronary vascular risk whether it was present or not in
this patient
3. From the earlier case which of the following is false?

(a) Impaired fasting glycemia could include plasma glucose of 116 mg/dL
(b) Impaired glucose tolerance could include postprandial plasma glucose of
180 mg/dL
(c) Type 2 diabetes could be present with FPG of 200 mg/dL without ketosis
(d) Type 1 diabetes could be present with FPG of 220 mg/dL with ketosis
(e) A systolic BP of 142 mm Hg is acceptable in a patient with diabetes mellitus
4. 36-years-old Mr R who had his blood glucose levels checked since he had a family
history of diabetes. BMI: 31 kg/m? FPG: 118 mg%, 2-hr PPPG: 155 mg. What is the

diagnosis?
(a) IGT (b) LADA
(c) TIDM (d) T2DM

5. A 20-years-old gentleman was diagnosed to have diabetes on pre-employment
check-up. He was born of nonconsanguineous marriage. His mother and maternal
grandfather were having diabetes. His BMI was 21 kg/m?, BP is 120/80 mm Hg. What
is the diagnosis?
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10.

(a) MODY (b) LADA

(c) T1IDM (d) Secondary diabetes

39-years-old Mr Al was diagnosed to have diabetes. Polyuria and weight loss in
previous 4 months. No recurrent abdominal pain/steatorrhea. Urine ketones:
negative glycemic control for first 1 year achieved with OHAs. She required insulin
thereafter. GAD antibodies were positive BMI: 20 kg/m? What s the type of diabetes?

(a) MODY (b) LADA

(c) TiDM (d) Secondary diabetes
Which of the following is not a component of metabolic syndrome:
(a) HighLDL (b) High triglycerides

(¢) Impaired glucose tolerance (d) Microalbuminuria

The typical dyslipidemia in metabolic syndrome is:

(a) Increased HDL, Decreased TG, Normal LDL

(b) Increased TG, Decreased HDL, Normal LDL

(c) Increased LDL, Decreased HDL, Normal TG

(d) Increased TG, Increased LDL, Normal HDL

The type of diabetes with autosomal dominant transmission is:

(a) MODY (b)  Glucocorticoid induced diabetes

(c) Type 2 diabetes mellitus (d) Type 1 diabetes mellitus

The current cutoff of blood sugar for diagnosis of diabetes mellitus is based on:
(a) Mean + 2SD of normal population

(b) Blood sugar levels above which prevalence of retinopathy increases

(c) Blood sugar levels above which prevalence of microvascular diseases increases
(d) Blood sugars associated with poor prognosis in fetuses of pregnant mothers.
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“Food! Glorious food! Eat too much and suffer
Carbs to be counted, take a bit of fiber
Balance your diet with greens from the racks
Avoid oil; ensure—three meals and three snacks”

The most challenging part of medical nutrition therapy in diabetes is that it does not go in line with the “one-
size-fits-all” eating pattern for individuals with diabetes. The diet has to be individualized as per the patient’s
specific nutritional needs engaging them in self-management of a healthy eating pattern and physical activity.

Nutrition therapy is recommended for all individuals with diabetes as a necessary component of the overall
treatment plan.

GOALS OF NUTRITION THERAPY

e« To promote the nutritional status through consumption of nutrient dense foods in
appropriate portion sizes specifically to attain individualized glycemic goals based on age,
history of diabetes, health and other present health conditions.

e To achieve and maintain body weight as metabolic control has proved to be alandmark in
diabetes management.

o To delay and prevent complications of diabetes.

¢ To formulate an individualized diet plan keeping in mind the following factors that may
influence patients’ personal preferences. They are food habits (vegetarian/nonvegetarian),
region, religion, climate, profession, likes and dislikes, availability of food items, socio-
economic status, customs and beliefs as well as barriers to change.

e To provide ample variety of food choices.

e To have a pragmatic outlook toward meal planning so that it can be practiced in day-
to-day living by doing simple meal modifications rather than focusing on individual
macronutrients.

MAINTENANCE OF BODY WEIGHT

More than three out of four people with diabetes are overweight, and obesity is prevalent in
nearly half the population with diabetes. As excess body weight is directly linked with insulin
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resistance weight loss is highly recommended. A weight loss of more than 6 kg (approximately
a7-8.5% loss of initial body weight) with regular physical activity is considered to be beneficial.

Various studies have been designed to reduce excess body weight by using a variety of
eating patterns, which focus on energy restriction with various macronutrient intakes along
with a follow-up support. An eating pattern can be defined as different permutations and
combinations of food groups designed to promote health and prevent disease. Well, there is
no “ideal” eating pattern that will benefit all (Table 3.1).

However, amongst the various studies conducted to study the effectiveness of eating
patterns, the Mediterranean style eating pattern reported the largest improvement in
biochemical parameters at the end of 1 year.! The Look AHEAD study showed the benefit of
intensive life style intervention and its impact on cardiovascular mortality and morbidity.>
Whichever eating pattern is chosen by the individual, the main consideration should be on
portion sizes and thus the energy intake.

MACRONUTRIENTS

The components of a balanced diet are summarized in Figure 3.1.
Recommended nutrient intake as percent of total calories:

e Carbohydrate: 50-60% of total calories

e Protein: Approximately 15-20%

e Total fat: 25-35%

o Saturated fat: Less than 7%

Table 3.1: Various eating patterns.

Eating pattern

Foods in liberal quality

Foods to be avoided

Mediterranean style

Seasonal fruits, vegetables,
cereals, nuts and olive oil as
principal source of fat

Dairy products (cheese and
yogurt), red meats and wine,
less than 4 eggs/week

Vegetarian and vegan

Vegan: Diets with no flesh foods
or animal products.

Vegetarian: Diets with no flesh
foods but inclusive of eggs and
milk products.

Fruits, vegetables, whole grains,
nuts, soya products and phyto-
chemicals

Flesh foods and saturated fat

Low fat

Starchy vegetables, fruits,
breads, pasta, whole grains,
lean protein and low-fat dairy
products

Fat

Low carbohydrate

Foods rich in protein (fish,
meat, poultry, cheese), fats
(olives, avocado) and vegetables
low in carbohydrate (greens
salad, cucumbers, broccoli)

Sweet foods and cereal prod-
ucts like pasta, rice and bread

DASH

Fruits, vegetables, low-fat dairy
products, whole grains, poultry,
fish and nuts

Saturated fat, red meat, sweets
and sodium
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Fig. 3.1: Components of a balanced diet.

e Polyunsaturated fat: Up to 10%
e Monounsaturated fat: Up to 20%
e Cholesterol: Less than 200 mg/day.

CARBOHYDRATE

Recommended Intake

The percent of energy from carbohydrate indicated for people with diabetes depends on
individual preference, diabetes medication and weight management goals. The recommended
dietary allowance for carbohydrate is set at a minimum of 130 g/day for adults and children,
based on the average minimum amount of glucose used by the brain. Both the type and
amount of carbohydrate found in foods influence postprandial glucose levels and can also
affect overall glycemic control in individuals with diabetes. The types of carbohydrates are
simple carbohydrate and complex carbohydrate.

Simple Carbohydrate

Simple carbohydrates are various forms of sugar, completely metabolized and are the quickest
source of energy. They include monosaccharides (glucose, fructose and galactose) and
disaccharides (sucrose, maltose and lactose).

Complex Carbohydrate

Complex carbohydrate includes starch and dietary fiber. Starch is completely metabolized
to glucose. For example, rice, potato, refined wheat flour (maida). Dietary fiber is nonstarchy
polysaccharides and lignin that are not digested by enzymes in the small intestine and
typically refers to the nondigestible carbohydrates from plant foods. Because dietary fiber is
not digested in the human small intestine, it is not considered a part of the immediate glucose
supply. Evidence shows lowering of preprandial glucose with intakes of more than 50 g
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of fiber/day.? The recommendations for dietary fiber are about 25 g/day for adult women
and 38 g/day for adult men with diabetes.*

Benefits of Increasing Dietary Fiber

e Insoluble fiber forms the bulk of the feces. Promotes regularity and prevents constipation
by absorbing water.

e Removes toxic waste through colon in less time.

o It Increases satiety, People feel full after a meal, eat less and do not feel hungry soon,
thereby reducing total calorie intake.

o Prolongs gastric emptying time, and sugar is released and absorbed slowly. Improves
glucose tolerance and insulin response.

e Reduces total cholesterol by increased binding and thereby excretion of bile acids. This
reduces the total pool of cholesterol as more cholesterol is transformed to bile acids.
There are two types of dietary fiber namely soluble fiber and insoluble fiber based on

solubility in water.

Soluble fiber: Tt dissolves in water to form a gel-like substance. It is highly viscous. It is the
edible portion of plant foods, resistant to digestion and absorption in small intestine. For
example, oats, pulp of fruits, legumes.

Sources of insoluble fiber: It is made up of the structural material of the cell wall of plant foods.
It does not dissolve in water but soaks up water adding bulk and softening the stool and
increases the transit time through the intestinal tract. For example, wheat bran, vegetables and
skin of various fruits.

Fructans an indigestible form of fiber has been found to lower glucose levels in the body.
Inulin is a common fructan is added to many ready to eat and processed foods. Also, foods with
high content of amylose as in some legumes or specially formulated corn starch may prevent
hypoglycemia and improve glycemic response.

Glycemic Index of Foods

Glycemic index (GI) is the ability of carbohydrates to raise the blood glucose. The GI assesses
the blood glucose response of a fixed amount of available carbohydrate (generally 50 g) from
a test food to the same amount of available carbohydrate from a standard food (glucose or
white bread). The test food’s blood glucose response area is then expressed as a percentage
of the standards. Foods with protein and/or fiber have low GI.

Low Gl Foods (< 55)

e Cereals and pulses: Parboiled rice, barley, green peas, lentils, kidney beans, Soybeans, all
dals and whole legumes.

e Milk and milk products: Milk, Curd, Cheese etc.

o Vegetables: All vegetables grown above the ground, and underground vegetables like carrot
and turnip.

e Fruits: Apple, plum, orange, papaya and guava.
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Medium Gl Foods (55-69)

e Cereals: Whole wheat, basmati rice, semolina roasted, brown rice and oatmeal.
o Vegetables and fruits: Mango, pomegranate, custard apple, banana, pineapple, black
grapes, raisins and beetroot.

High Gl Foods (> 70)

Rice, potato, cornflakes, sugar, rice products and white bread.

Methods to Lower Gl of the Meal

o To choose at least one low GI food at each meal.

e Combine a high GI food with a low GI food. For example, rice with dal and vegetables.
e Whole grain bread to be chosen more often than white bread.

e Inclusion of fresh fruit and vegetables as they have a low GI.

Glycemic Load

The glycemic load (GL) is a ranking system for carbohydrate content in food portions based on
their GI and a standardized portion size of 100 g. As the standard for calculation of Gl is 50 g
of carbohydrate, the quantity of food tested is variable. For example, while testing for GI 65 g
of rice and 300 g of mango which give 50 g of carbohydrate will be tested. But, the usual
portion of size of one small mango may be around 100 g and GI does not take into considera-
tion the portion size. GL of a particular food is the product of the GI of the food and the
amount of carbohydrate in a serving.

GL = (GI x the amount of carbohydrate in the portion consumed in the meal) divided by 100.

For example, apple has a GI of 40 and a medium size apple (100 g) contains 15 g of
carbohydrate.

GL=40x15/100=6

Potato has GI is 80 and if a person is consuming 100 g as a serving, it will contain 23 g
of carbohydrate. GL = 80 x 23/100 = 18.

Therefore, although equal quantities of apple and potato are consumed, potato will have
thrice the rise in blood sugar than an apple. Watermelon has a GI of 73 and is considered high.
But, even when 120 g of watermelon is consumed, the GL is only four and can be recommended
to a diabetic.

A GL greater than 20 is considered high, a GL of 11-19 is considered medium, and a GL of
10 or less is considered low. Overall GL of a meal has to be considered rather than individual
food item.

PROTEIN

Role of Protein in Diabetic Diet

o Protein flattens the glycemic response of the food, i.e. reduces GI of food.
o It has the highest satiety index. Protein foods slow the stomach emptying time and the
individual feels full for a longer time.
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o The thermic effect of protein is higher. The body uses more energy to digest protein than
it does to digest fat or carbohydrate and thereby increases the basal metabolic rate.
e Moderate hyperglycemia increases the protein turnover in type 2 diabetes.

Recommended Daily Allowance for Protein

e 15-20% of total calories

o 1g/kgpresent body weight

o 1g/kgideal body weight if obese

e 0.8 g/kg in nephropathy

e 50% of daily protein has to be from Class 1 sources

e Protein needs differ for children and women during pregnancy and lactation.

Sources

Complete or Class 1 sources: Class 1 protein sources refer to those foods which contain all the
essential amino acids. They include meat, poultry, fish, eggs, milk, cheese and soy.

Incomplete or Class 2 sources: These foods do not contain one or more essential amino acids.
For example, legumes, pulses and cereals. Deficiency of an amino acid in one food item can
be compensated for by combining it with another food item that has it in adequate amounts.
This is known as mutual supplementation. To improvise protein quality from vegetarian
sources, cereal protein can be combined with pulse protein or animal protein. For example,
idli, dosa, rice/roti with dal/paneer, dahi vada, etc.

Soybean has a powerful trypsin inhibitor that is destroyed by dry roasting for 15-20 min.
Therefore, cooking and heat treatment is essential while using soy.

FAT

The primary goal with respect to dietary fat in individuals with diabetes is to limit saturated fatty
acids (SFAs), trans fatty acids and cholesterol intake so as to reduce risk for cardiovascular
disease. Saturated and trans fatty acids are the principal dietary determinants of plasma
LDL cholesterol. Diets high in monounsaturated fatty acids (MUFAs) result in improvements
in glucose tolerance and lipids compared with diets high in saturated fat. A greater SFA content
of membrane phospholipids increases insulin resistance. Diets enriched with monoun-
saturated fat may also reduce insulin resistance.

Recommendations for Fat Intake

Based on recommendations of the National Cholesterol Education Program Adult Treatment
Panel III and the American Diabetes Association.

o Total calories from fat up to 25-35% of total calories

e Limit saturated fat to less than 7% of total calories

e Polyunsaturated fat—up to 10%

e Monounsaturated fat—up to 20%
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o Intake of trans fat should be minimized

o Limit dietary cholesterol to less than 200 mg/day

e Foods containing omega-3 fatty acids confer cardioprotective effects. Two or more servings
of fish per week are recommended.

Visible Sources of Fat

They are visible to the naked eye. It includes all the fats and oils that are used for cooking like
vegetable oils, butter, ghee, hydrogenated fat (e.g. dalda, vanaspati, etc.).

Invisible Sources of Fat

They are not visible to the naked eye but add to the total fat in the food. All foods contain
invisible fats in varying amounts.

For example, dairy products, nuts, oilseeds, eggs, meats, cereals and pulses.

Hence, while estimating the calories provided by fat in the diet, both visible and invisible
sources have to be taken into consideration.

Composition of Commonly used Oils

Fatty acid composition of edible oils (Fig. 3.2).

e Oils with SFA as the predominant fatty acid: Ghee, butter, palm oil, palm olein oil and
coconut oil.

e Oils with PUFA as the predominant fatty acid: Sunflower oil, safflower oil and cottonseed
oil.
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Fig. 3.2: Composition of commonly used oils.
Note: Based on data provided in Nutritive Value of Indian Foods of the National Institute of Nutrition, Indian
Council of Medical Research.
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o Oilswith MUFA as the predominant fatty acid: Olive oil, mustard oil, groundnut oil, gingelly
(til) oil and rice bran oil.

e Oils with alpha linoleic acid: Alpha linoleic acid present in oils is converted in the
body to omega-3 fatty acids and hence is recommended. The oils are flax seed oil, mustard
oil, soybean oil and rice bran oil.

Recommended Oils

Based on research and recommendations of the National Cholesterol Education Program
Adult Treatment Panel III and the American Diabetes Association, a source of fat/oil high
in MUFA has better outcome measures over polyunsaturated fatty acid (PUFA) and SFA.
To attain the recommended levels in diet, oil high in MUFA and linoleic acid are preferable.
Mustard oil, groundnut oil, gingelly (til) oil, rice bran oil and soybean oil can be used on a
rotational basis each month. Use of ghee, butter, hydrogenated oil is to be minimized.

Recommended Quantity of Oil

As the diet contains fat from both visible and invisible sources, it is best to keep the visible oil
content at a minimum level. The practical recommended quantity per person is 3 teaspoons
per day or half a kilogram of oil for a month.

Foods that contain invisible fat have to be minimized. Whole milk or buffalo milk can
be replaced with skimmed milk. Oilseeds like groundnut, coconut and gingelly seeds
are commonly used during preparation of Indian dishes which can be replaced with Bengal
gram seeds or flour. Skinless chicken has less fat when compared to chicken with skin and
mutton.

Sources of Trans Fat in Diet

The process of hydrogenation is commonly employed to convert liquid vegetable oils to solid
or semi-solid fats. Hydrogenated fats are used as substitutes for butter and ghee and are
preferred for baking and making of sweets and snacks. Hydrogenated vegetable fat is cheaper
than animal source fat and has other characteristics like taste and shelf life that makes its use
desirable in food industry. During the process of hydrogenation, some naturally occurring
cis isomers are converted to trans isomers and are called as trans fats. The consumption of
trans fats increases the risk of coronary heart disease by raising levels of LDL cholesterol and
lowering levels of “good” HDL cholesterol.

All products made with hydrogenated fat are sources of trans fat as. For example, bakery
products like biscuits, puff, cakes, sweets, snacks like French fries, chips, pizza, samosa, etc.
Some restaurants use hydrogenated fat for making biryani and other vegetable preparations.

Omega-3 Fatty Acids

N-3 fatty acid supplements have been shown to reduce plasma triglyceride levels, especially
in hypertriglyceridemic individuals, have beneficial effects on platelet aggregation and
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thrombogenicity and reduce blood pressure in hypertensives. Increasing the intake of N-3
polyunsaturated fatty acids has been shown to be beneficial in subjects with diabetes.
There are three important omega-3 fatty acids for human nutrition:
o Eicosapentaenoic acid
e Docosahexaenoic acid
o Alpha-linolenic acid: Available in plant sources and converted to omega-3 fatty acids in
the body.
Humans cannot synthesize omega-3 fatty acids and must be obtained from the diet.
Good dietary sources include:
o Fish such as salmon, herring, mackerel, anchovies, sardines and fish oils.
o TFlaxseed oil (about 55% ALA) and flax seeds, canola oil, walnuts and walnut oil, soybeans
and soybean oil, pumpkin seeds, mustard oil. Plant stanols and sterols.
Certain food items like yogurts, dairy products, breads are enriched with plant stanols and
sterols.
There esters inhibit the absorption of dietary and biliary cholesterol and thereby reduce
the total cholesterol. They are recommended as 1.6-3 g/day.

MICRONUTRIENTS

Adequate intake of micronutrients prevents deficiency diseases and is important in maintain-
ing the health and well-being of patients with diabetes. Nutrient recommendations for adults,
adolescents, and children with type 1 or type 2 diabetes and for women with diabetes during
pregnancy and lactation are similar for people with or without diabetes. However, uncontrolled
diabetes is often associated with micronutrient deficiencies. Since diabetes may be a state
of increased oxidative stress, there has been interest in antioxidant therapy. No specific
recommendations are provided by the American Diabetes Association. However, a diet that
is balanced with adequate intake of fruits and vegetables will supply adequate micronutrients.

Sodium: As per the recommendations, the consumption of sodium should be less than
2,300 mg/day, which is also beneficial for the general population.

NON-NUTRITIVE SWEETENERS

The recommended dose of non-nutritive sweeteners is given in Table 3.2.

Some artificial sweeteners may leave an aftertaste. The patient has to experiment with
artificial sweeteners to find one or a combination that is acceptable. The thumb rule for
quantity of sweeteners can be about four sachets per day.

ALCOHOL AND DIABETES

If adults with diabetes choose to use alcohol, daily intake should be limited to one drink
per day or less for women and two drinks per day or less for men. Preference can be given
to red wine. To reduce risk of nocturnal hypoglycemia in individuals using insulin or insulin
secretagogues, alcohol should be consumed with food as liver preferentially metabolizes
alcohol and stops release of glucose into the blood stream. Care should be taken to avoid
fried snacks with alcohol. Grilled, dry roasted foods are to be preferred over deep fried snacks.
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Table 3.2: Recommended dose of non-nutritive sweeteners.

Accepted daily intake
Sweeteners (mg/kg body weight)
Sucralose 15 mg/kg body weight/day
Sucralose is heat stable and hence can be used while cooking and for
baking. It is deemed safe for use with all populations, including preg-
nant and lactating women as well as children
Aspartame 50 mg/kg body weight/day
Aspartame is advised to be used after removing the food from heat
Acesulfame K 15 mg/kg body weight/day
Acesulfame K is heat stable and can be used in cooking
Saccharin 5 mg/kg body weight/day

One standard drink is equal to 2 oz (60 mL) beer/5 oz (150 mL) of wine/1.5 oz (45 mL) of
distilled spirits (whiskey, rum, etc.). It gives 15 g alcohol and 100 Kcal.

FENUGREEK

Fenugreek is an herb and a spice. It contains polysaccharide galactomannan, saponins,
mucilage/soluble fiber, alkaloids and 4-hydroxyisoleucine, an active ingredient for blood
glucose control. It helps lower elevated cholesterol and triglyceride levels in the blood,
including in those with diabetes, according to several controlled studies. The typical range
of intake for diabetes or cholesterol lowering is 5-30 g with each meal or 15-90 g all at once
with one meal. Alternatively, 5 g of fenugreek (1 teaspoon) can be soaked and had with
each meal. Fenugreek can also be added to idli/dosa batter or chapatti atta or with curries.
Fenugreek leaves have not shown to have the effects that the seeds have.

FOOD EXCHANGES

In this exchange system, food are divided into six groups or categories, which are cereal,
pulse, fruit, vegetable, milk, nonvegetarian foods and nuts and oil seeds. Patients can replace
certain food for other foods in the same category. The list is provided Appendix 2.

MEAL PLANNING

Making a diet plan:

Step 1: Assess the patient’s medical history, BMI, physical activity and diet history.
Step 2: Identify the areas for dietary intervention.

Step 3: Formulation of meal plan.

Step 4: Monitor progress.

Step 1: Assessment has Four Components

e Medical history includes a patient’s previous illnesses, present conditions, symptoms,
medicines used, biochemical parameters and health risk factors.
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Table 3.3: Classification of weight status according to BMI in Asians.

Grade BMI (kg/m?)
Underweight <18.5
Normal range 18.5-22.9

Overweight: at risk 23-24.9
Obese Class I 25-29.9
Obese Class II 30-34.9

Obese Class III >35

Source: Adapted from WHO Asia pacific guidelines.

e Body mass index: The grading of BMI for Asians is given in Table 3.3.

In overweight and obese insulin-resistant individuals, modest weight loss has been shown

to improve insulin resistance. Thus, weight loss is recommended for all such individuals

who have or are at risk for diabetes. For weight loss, low-carbohydrate and low-fat calorie-
restricted diets can be effective along with regular physical activity.

e Physical activity pattern can be classified in various forms as sedentary, moderate, active
or bed ridden. Depending on activity level, nutrient requirements change.

e Dietary assessment:

- Diet habits/pattern: Vegetarian/nonvegetarian/egg. Pattern of meal includes meal
timings, packed meals from home/restaurant/canteen, traveling habits, frequency of
nonvegetarian intake, snacking habit, type of oil and milk used, mode of preparation to
estimate the intake especially of nuts and oilseeds, alcohol intake, snacks accompanying
alcohol, etc.

- Likes and dislikes: For example, sweet tooth, loves rice, hates salads, avoids fried foods,
prefers nonvegetarian, etc.

- Diet history: Diet history is a method of dietary assessment in which subjects are asked
to recall their food consumption over a specific period of time usually one day right
from morning to night. A patient can also be asked to record intake in the form of food
diary usually for a period of three days. It is preferable to include spouse or person
cooking at home while taking the diet history.

Step 2: Identify the Areas for Dietary Intervention

For example, oversized portion sizes, low fruit intake; high fat intake; high junk food intake,
skipping/late breakfast, long gap between lunch and dinner, traveling a lot and needs to
depend on restaurant food, substituting honey for sugar, unable to cut down rice, having only
fruits for breakfast, skipping meals as meal intake may increase sugar, etc.

Strategies may be aimed at improving food selection, e.g. reducing fats and saturated fats,
spreading meals throughout the day, advise regular exercise, education and motivation.

Step 3: Formulation of Meal Plan

Nutrition assessment is used to determine what the individual with diabetes is able and willing
to do. Plan a meal by distributing carbohydrate, protein and fat through small frequent meals.
Help patient set short-term and long-term goals.
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Determine the Calorie Requirement

The nutritional requirements of all individuals vary from one another depending upon age,
gender, physical activity, physiological stress or condition (e.g. pregnancy or lactation) as
specified by the Indian Council of Medical Research (Table 3.4). The requirements for diabetic
are not different from an individual who is not diabetic.

Quick assessment of approximate calorie requirement for adult individuals of type 2 diabetes:

Obese inactive, sedentary men/women 20 Kcal/kg of present weight
Normal BMI, sedentary men/women 22-25 Kcal/kg

Normal BMI, active men/women 30 Kcal/kg

Thin/Very active 40 Kcal/kg

One-third of the total calories can be distributed for early morning and breakfast. Another
one-third for midmorning snack and lunch, and the remaining one-third for evening snack
and dinner.

However, the nutrition prescription is determined considering treatment goals and
lifestyle changes the diabetic patient is willing and able to make rather than predetermined
energy levels and percentages of carbohydrate, protein and fat. A patient finds it difficult to
comprehend and calculate calorie content of foods as well as calorie distribution and hence is
not a practical approach.

Practical meal planning approach: Table 3.5 shows the recommended intake of different food
groups for adults.

Distribution of Carbohydrate Load through Small Frequent Meals

Carbohydrate is the main nutrient affecting postprandial glycemic response. Hence, care
has to be taken to ensure that carbohydrate is distributed evenly throughout the day and the
carbohydrate load in any meal would not cause a steep increase in blood sugar.
The advantages of small frequent meals over three major meals are:
o Provides satiety, hence total daily caloric intake is low as compared to three meals pattern
o Increases total day’s energy expenditure (by increasing basal metabolic rate)
e Reduces the incidence of hypoglycemia and hyperglycemia; hence protective for heart
and brain.
¢ The summary of macronutrient management in patient with type 2 diabetes is summari-
zed in Flowchart 3.1.

Healthy Snack Options (Midmorning and Evening)

e Fruit

e Sprouts/boiled legumes (with grated carrot/radish and lime juice)

e Murmura with roasted Bengal gram, peas, onions, tomatoes, etc.

¢ Roasted chana/peas: 1 cup

e Badam and walnuts: fistful

o Coffee/tea/low fat milk: 1 cup

e Avoid biscuits of any type as the ingredients will include refined wheat flour and
hydrogenated fat.
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Table 3.4: Recommended dietary allowance, the Indian Council of Medical Research, 2010.

Group Category Body (Kg) Energy Protein
Weight (Kcal/Day) (G/Day)
Sedentary 2320
Man Moderate 60 2730 60
Heavy 3490
Woman Sedentary 1900
Moderate 2230 55
Heavy 2850
Pregnant % + 350 78
Lact. < 6 months +600 74
Lact. 6-12 months +520 68
Children 1-3 years 12.9 1060 16.7
4-6 years 18.0 1350 20.1
7-9 years 25,11 1690 29.5
Boys 10-12 years 34.3 2190 39.9
Girls 10-12 years 35.0 2010 40.4
Boys 13-15 years 47.6 2750 54.3
Girls 13-15years 46.6 2330 51.9
Girls 16-17 years 55.4 3020 61.5
Boys 16-17 years 52.1 2440 5585

Table 3.5: Meal planning in adults with diabetes.

(exclusive of restricted root vegetables)

Food group Quantity

Cereals 6 exchanges/day or 2 exchanges/major meal.
Gradually decrease the current intake based on
patient’s acceptance to 6 exchanges/day

Pulses 2-3 exchanges/day

Vegetables 500 g/day

Fruits (2 hours after a major meal and avoiding
fruit juices)

1-2 exchanges/day

Milk and milk products

Half liter of low fat milk/day

Nonvegetarian foods

Approximately 100 g/serving (size of fist) preferably
fish or skin less chicken as second choice

Fats and oils
(Preferred oils are those with high
monounsaturated fatty acid content)

About 3 teaspoons of oil/day or 500 g/month

Note: Different set of recommendations are applicable to individuals who are physically active or during

pregnancy, lactation and growth years.
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Flowchart 3.1: Summary of type 2 diabetic diet macronutrients.
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Fig. 3.3: Plate method for lunch/dinner.

Plate Method

Plate method is an easy way to plan meals especially for lunch and dinner. It helps to get clarity

on portion size. Draw an imaginary line on the plate as shown in Figure 3.3.

e The Indian meal is predominantly cereal based with rice or roti (chapatti) which takes
up half the plate. This proportion has to shift from half to quarter. The number of cereal
exchanges per meal has to be gradually reduced from the current intake to a minimum of
two cereal exchanges per meal.

The common perception of diabetic diet is just reduction in cereal portion (rice or roti).
There has to be concomitant increase in the amount of protein and fiber.

o Half the plate should contain vegetables, avoiding root vegetables. Double the amount of

vegetable normally consumed. The vegetable consumption can be in the form of salad,
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curry, vegetable chutneys or by addition of more vegetables to dal, sambar or curd. This
will ensure satiety as well as provide ample micronutrients.

e Every meal should contain one protein exchange that can either be from vegetarian or
nonvegetarian foods chosen from the food exchange list.

e A cup of curd or buttermilk made from low fat milk will complete the meal. Vegetables
like grated cucumber or carrot can be added to the curd.

Nutritional Management of Nephropathy

Reduction of protein intake to 0.8-1.0 g/kg body weight/day in individuals with diabetes
and the earlier stages of chronic kidney disease and to 0.8 g/kg body weight/day in the later
stages of chronic kidney disease may improve measures of renal function. The usual intake
of protein in Indian vegetarian diets is about 0.6-0.8 g/kg body weight even when pulses and
legumes are used in every meal. Hence, there is no need to restrict protein from vegetarian
sources. Egg whites and fish can be used in one meal as long as the protein is within
the recommended intake of 0.8 g/kg body weight. Complete restriction of vegetarian protein
will lead to malnutrition.

Nutritional Management of Cardiovascular Disease

For patients with diabetes at risk for cardiovascular disease, diets high in fruits, vegetables,
whole grains and nuts may reduce the risk. These foods supply fiber, antioxidants and sufficient
micronutrients, which can attenuate hypertension. Care should be taken to ensure that there
is no significant hypoglycemia. For patients with diabetes and symptomatic heart failure,
dietary sodium intake of about 2,000 mg/day or 5 g of salt (1 teaspoon) may reduce symptoms.
Foods containing high salt content like pickles, papad, canned foods, preserved foods,
namkeen/mixture, etc. are to be avoided. Also salt can be restricted in wheat flour dough,
curd and buttermilk. Salt can be used for regular cooking, and it is not necessary to cook a salt
free diet. A salt free diet will minimize intake of food and may lead to malnutrition. In most
individuals, a modest amount of weight loss beneficially affects blood pressure. Cholesterol
that comes from diet is about 25% and should be minimized. Sources include meat, poultry,
fish, egg yolk, butter, cheese and full cream milk and its products. Cholesterol is present only
in animal foods. All vegetable oils are free of cholesterol. Foods rich in omega-3 can be included
in the diet like fish and flax seeds.

Nutritional Management of Type 1 Diabetes Mellitus

Children and adolescents with type 1 diabetes mellitus do not need a special diet as far as they
are not having further complications of obesity, hypertension, hyperlipidemia and nephro-
pathy. Normal growth of the child is considered as the best indicator of optimum health.

The goals of meal planning will be to:
¢ Balance insulin, exercise and diet
¢ Monitor the intake of those food items in the diet that can increase the risk of complications.
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e Prevent the occurrence of hypoglycemia during play or exercise and during night sleeping
hours.
e Manage and prevent episodes of hypoglycemia and ketoacidosis during illness.

There are unique challenges in caring for children and adolescents. These include develop-
mental issues, unpredictability of a child’s dietary intake and activity level, busy schedule,
excessive consciousness on weight and skipping or delaying of insulin doses. Educating the
family on management plays a very crucial role. The recommended daily intake will vary
with sex, activity and age of the child and is provided by the Indian Council of Medical
Research. Weight and growth patterns can help determine if a child with type 1 diabetes
is getting enough nutrition.

When the child/adolescent is on split-mix insulin regimen, the meal timing and carbo-
hydrate content should be constant for a certain meal on a day-to-day basis. Ideally, there
meal plan comprises of three main meals and two snacks in between meals to cover for peak
insulin action time along with a bed time snack to prevent hypoglycemia.

Those on basal-bolus regimen have more flexibility around meal timing. With these
regimens, skipping or delaying a meal does not usually increase the risk of hypoglycemia
and the carbohydrate intake can be varied from day to day. To make it practical for patients
use, they are taught the concept of carbohydrate counting.

Step 4: Monitoring Progress

Successful medical nutrition therapy requires ongoing evaluation and adjustment. Food
intake and blood glucose records should be correlated and evaluated together to ensure that
goals are met. If initial goals are not met then there may be a need to change or re-negotiate
goals that are more realistic and attainable. Barrier to change have to be identified and worked
upon by the diabetes educator and the patient. If the initial goals are met, the next set of targets
is to be set. The patient should have a clear idea of the plan and the goal.

CARBOHYDRATE COUNTING

It refers to the carbohydrate content of various food items, which can be counted for every meal
and estimate the insulin dose that would be needed. Individualized insulin to carbohydrate
ratio is worked out for different meals of the day. This ratio can be roughly calculated by
using the formula of 500 divided by total daily dose. It gives the grams of carbohydrate for
which 1 unit of rapid acting insulin is required. Using this insulin to carbohydrate ratio, the
patient takes a bolus insulin dose before meals after estimation of carbohydrate in that meal.®

Importance of Diet during Sickness

As the child is unwell, his intake will be low which maylead to hypoglycemia; on the other hand,
the raised levels of counter regulatory hormones can lead to hyperglycemia and ketoacidosis.
If there is appearance of ketones and an elevated blood glucose levels above 180 mg/dL, the
child is advised to have plenty of salty fluids to manage for the polyuria, and thereby prevent
dehydration. On the contrary, if the blood glucose level is below 180 mg/dL with presence of
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ketones, the patient is advised to have sweet fluids along with insulin administration to prevent
the occurrence of hypoglycemia and correct ketosis.
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SELF-ASSESSMENT

1. Oils do not contain cholesterol and hence can be consumed as desired. True/False

2. Fruits are good for diabetics. True/False

3. Gulab jamun made with artificial sweetener has no sugar and hence can be taken
frequently. True/False

4. Legumes, oats, fruits can help to control cholesterol and blood pressure. True/False
. Low fat butter has less fat and hence can be consumed regularly. True/False
. Vegetarian foods do not contain cholesterol. True/False

5

6

7. Fruit can be added along with breakfast/lunch. True/False

8. Sunflower oil is heart friendly oil and preferred over groundnut oil. True/False
9

. Having rice, a high glycemic index food, with a legume/soybean curry will reduce
the glycemic response. True/False

10. Soybean has to be roasted/cooked for 15-20 min before consumption. True/False



CHAPTER

Exercise

Jubbin Jagan Jacob, Samuel Vinod Kumar

“Activity keeps you going, reduce insulin resistance,
With GLUT-4 glucose moves with persistence,
It’s not just the sugar that drops when you bend,
But the heart beats better so you're fit till the end’

The adoption of a sedentary lifestyle is a clear risk factor for the development of type 2 diabetes mellitus.
The accumulation of excess energy stores into the muscle cells and liver as free fatty acids and glycogen results
in insulin resistance. The clinician can increase the chances of the patient “buying into” the exercise regimen
by asking the patient to set his own exercise goals. Although it would be ideal to have the individual with
diabetes to exercise daily, it is important to remember that even some exercise is better than none. In those
subjects with physical limitations, comorbidities and complications of diabetes, exercise has to be modified
and tailor made for the appropriate situation.

INTRODUCTION

Exercise is being increasingly recognized as a part of the treatment for diabetes mellitus.
The beneficial effect of exercise on glycemic control largely results from increased tissue
sensitivity to insulin. To understand the effects of exercise on diabetic patients, it is essential
to understand the physiology of exercise on normal subjects. The physiological effects will
depend on the type and duration of exercise.

PHYSIOLOGICAL CHANGES OCCURRING DURING EXERCISE

o During the first few minutes of exercise: Glycogen in the muscles is broken down
anaerobically and used to fuel the muscles. As the physical activity continues, oxygen
becomes available for the aerobic break down of carbohydrates, fats and proteins. In
addition to the glycogenolysis, muscle takes up the glucose in the circulation.

o After 5-10 minutes of activity: Muscle glycogen break down decreases. The decrease in the
blood glucose suppresses insulin and stimulates glucagon which in turn causes hepatic
glycogenolysis. Glycogen is broken down in the liver to glucose and is released into the
blood stream and is taken up by the muscles as fuel. This glucose becomes the major
source of fuel (hepatic glycogenolysis).
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e At 20 minutes or more: The muscle glycogen stores are now depleted. The counter-
regulatory hormones other than glucagon (cortisol, epinephrine, norepinephrine and
growth hormone) play an increasing role. Epinephrine and norepinephrine stimulate
lipolysis and the resulting triglycerides break down into free fatty acids (FFA) and glycerol.
FFA is used as a source of fuel for the muscles and glycerol can be converted into glucose
through the process of hepatic gluconeogenesis.

o Longer duration of exercise: Should low-to-moderately intensive exercise continue for a
long period of time, the muscles will continue to use the glucose derived from hepatic
gluconeogenesis and FFA, as the fuel. FFA cannot completely replace the use of glucose
and if carbohydrates are limited, then ketone bodies may form. This is not a risk in a person
who has enough insulin, but may increase the risk of diabetic ketoacidosis in a person who
is insulin deficient such as type 1 diabetic with poor glycemic control. If a carbohydrate
snack is consumed during exercise, the decrease in blood glucose can be delayed and the
exercise can be sustained for a longer period. This is often done by people with diabetes
who are marathon runners or those who engage in moderate to intensive exercise for long
periods of time.

e Long-term training: On a regular, long-term basis, moderate aerobic exercise increases the
quantity of mitochondrial enzymes, the number of “slow twitch” muscle fibers and the
development of new muscle capillaries. There is also an increased translocation of insulin-
responsive glucose transporters to the muscle membrane.

CLINICAL IMPLICATIONS OF THE
EFFECTS OF EXERCISE IN DIABETES

e Even short-term (2-week), regular aerobic exercise in type 2 diabetic patients results in
significant improvement in both aerobic capacity and whole body insulin sensitivity

e Long-term endurance training in diabetic patients markedly improves whole body insulin
sensitivity and increases the expression of key muscle enzymes regulated by insulin.
However, the maintenance of this effect seems to require dedication to a regular and
uninterrupted exercise regimen

o Intramyocellular lipid accumulation, which is associated with insulin resistance in muscle,
can be acutely decreased by even a single bout of sustained endurance exercise, in a
manner that depends on both the duration of exercise and the workload

o Exercise is beneficial for both the glucose uptake mechanisms and the anti-lipolytic effects
of insulin (Fig. 4.1).

BENEFITS OF EXERCISE IN PATIENTS WITH DIABETES

e Improvement in glycemic control

o Improvement in insulin sensitivity and lowered insulin requirements often leading to
a reduced dosage of insulin and/or oral hypoglycemic agents especially in people with
type 2 diabetes

e Reduction in blood pressure

¢ Increased fibrinolysis
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Fig. 4.1: Schematic representation of the control of muscle glucose uptake during exercise. Control of
glucose is distributed between three serial steps. These are (1) extracellular glucose delivery from blood to
muscle membrane (2) muscle membrane glucose transport and (3) intracellular glucose phosphorylation.
Below each gear are known mechanisms of regulation. Arrows associated with those mechanisms reflect
exercise adaptations. Note that acute exercise increases hexokinase Il protein; however, this adaptation is
slow in onset (Modified from Wasserman and Halseth).

¢ Improvement in dyslipidemia

¢ Increased vascular reactivity

e Reduction in risk for osteoporosis

e Reduction of coronary risk factors

o Favorable changes in body composition (decreased body fat and weight, increase in
muscle mass)

e Maintenance and improvement in body weight

o Improvement of psychological well-being.
Randomized clinical trials have found that lifestyle interventions that included approxi-
mately 150 minutes of exercise per week and weight loss of 5-7% reduced the risk of people
with prediabetes from progressing to type 2 diabetes by 58%.

POTENTIAL ADVERSE EFFECT OF
EXERCISE IN PATIENTS WITH DIABETES

Cardiovascular

o Cardiac dysfunction and arrhythmia due to silent ischemia
o Excessive increments in blood pressure
o Exercise induced orthostatic hypotension.

Microvascular

e Retinal hemorrhage
o Increased proteinuria
¢ Acceleration of other microvascular lesions.
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Metabolic

e Worsening of hyperglycemia and ketosis
o Hypoglycemia.

Musculoskeletal

o Footulcers
e Accelerated degeneration of joints.

Recommendations

o Indications for stress test (Treadmill testing)

e Age less than 40 years, with or without cardiovascular disease risk factors other than
diabetes

e Agelessthan 30 years

e Type 1 or type 2 diabetes of less than 10 years duration

e Hypertension

o Cigarette smoking

e Dyslipidemia

o Proliferative or preproliferative retinopathy

¢ Nephropathy, including microalbuminuria

e Any of the following, regardless of age:
- Known or suspected coronary artery disease, cerebrovascular disease
- Autonomic neuropathy
- Advanced nephropathy with renal failure.

| EXERCISE PRESCRIPTION

The physiotherapist should develop an exercise prescription around the person’s goals for
activity, exercise history, diabetes history including control and complications, medical history,
orthopedic conditions, cardiovascular status and motivation/psychosocial issues. Household
chores, yard work, recreational activities and activities in work should be included and worked
into the plan (Fig. 4.2). The first step in developing the prescription is to conduct an exercise
assessment that addresses personal goals for exercise like:

FOLLOW-LIF J
| DEVELOPMENT OF FLAN

AVOIDING COMPLICATIONS
PATIENT ECUCATION

MEDHTAL EVALLIATION

Fig. 4.2: Steps involved in exercise prescription.
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o Improved blood glucose control

e Weightloss

e Increased strength and endurance
e Begin competitive athletics

e Reduce cardiovascular risk.

Medical Evaluation

Before beginning an exercise program, the individual with diabetes mellitus should undergo
a detailed medical evaluation with appropriate diagnostic studies. This examination should
carefully screen for the presence of macro and microvascular complications that may be
worsened by the exercise program. A careful medical history and physical examination should
focus on the symptoms and signs of disease affecting the heart and blood vessels, eyes, kidneys,
and nervous system.

Medical history must include:
e Type and duration of diabetes
e Current level of blood glucose control (HbA1c)
e Presence of complications
e Current diabetes treatment regimen:
- May range from meal planning and oral agents to intensive insulin therapy or some
combination of each
- Adjustments may need to be made to meal plan or medication to accommodate
exercise and prevent hypoglycemia
e Frequency of self-monitoring blood glucose
- Self-monitoring blood glucose may need to be frequent to determine effect of exercise
and prevent hypoglycemia
Frequency and severity of hypoglycemia especially in relation to exercise will indicate the
adjustments that need to be made so that the risk is minimized in the future
Comorbid conditions should also be assessed in order to develop a safe plan that will
minimize risks.
Along with medical evaluation, other aspects like an exercise history and motivation/
psychosocial issues need to be evaluated.

Exercise History

e Type of exercise that is currently performed or has been performed in the past
o Effect of exercise on health and diabetes control
o Enjoyment of activity.

Motivation/Psychosocial Issues

o Social support: Exercise partners and emotional support from family members and friends

o Interests, past successes and challenges with exercise

e Selection of a time and frequency of exercise that can be consistent, for the lifestyle of the
individual.
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Patient Education

e Patient hand-outs in different languages can be used

o Training should be given to the team to talk to individual patients

e Video programs on the subject can be shown in the patient waiting room

o Interview with patients who have benefited from exercise to share how they overcame
barriers and how exercise has made a difference in their life and in the control of diabetes
can be also be screened

¢ Once this is done, only the technical aspects can be addressed.

Avoiding Complications

In most patients, exercise lowers blood glucose levels and hypoglycemia and related

complications are to be anticipated and avoided. Patient should be advised to:

o Stop exercise if symptoms of hypoglycemia occur during exercise

e Checkblood glucose before and after exercise

o Eat asnack with 15-30 gm of quickly absorbed carbohydrate like hard candies, juices etc.
prior to exercise depending on pre-exercise blood glucose

e Always have water and snacks handy during activity

e Wear a medical identification tag to protect in case of emergency

o Exercise with a friend whenever possible

o Avoid exercise when the patient is feeling ill.

Timing of Exercise

To prevent hypoglycemia, workouts should be timed in relation to meals and medication:

o Exercise should always be 1-3 hours after eating something

¢ Diabetics who are on insulin should not exercise when their insulin is at its peak

o Since exercise can lower blood glucose hours later, exercising just before bedtime should
be avoided to prevent hypoglycemia in the middle of the night.

e Medications may also have to be adjusted.

o In untreated or recently treated patients with proliferative retinopathy, avoid exercises
associated with:

o Increased intra-abdominal pressure

e Valsalva like maneuvers

¢ Eyetrauma

o Rapid head movements

People with peripheral neuropathy, need to avoid repetitive, weight bearing exercises
such as jogging, prolonged walking and step aerobics. Repetitive stress on feet affected by
neuropathy can lead to ulcers, fractures and joint deformities.

They should be advised to do exercises that do not put stress on their feet such as swimm-
ing, bicycling, rowing, seated exercises, arm and upper-body exercises and other nonweight
bearing exercises.
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In people with diabetes with a severe degree of diabetic autonomic neuropathy, vigorous
exercises may divert so much blood to the periphery, that the internal organs may not get
sufficient blood. In some cases, blood flow to the brain may decrease such that the person
may faint.

Also, autonomic neuropathy may reduce the body’s ability to regulate its own temperature
and so people with this problem should not exercise in very hot or cold environments because
their bodies cannot safely adapt to these temperatures.

They should wear polyester or cotton blend socks to keep their feet dry during exercise.
It is also important to drink plenty of water before, during and after exercise.

Realistic Plan for the Individual

A realistic short-term plan should be developed to ensure success. The plan can be adjusted

after the person achieves success, to reach more long-term goals.

e The plan fits into the daily routine of the individual in terms of the frequency (the number
of times a week), time of each day that is spent on exercise

o The type and intensity of the exercise is not too difficult for the person to master

o The activity or activities chosen are enjoyable for the person to perform

e Include whenever possible the daily activities that are done such as housework, walking to
and from the bus stop, etc. and expand upon them so that they meet the recommendation
of 30 minutes of exercise per day.

The exercise prescription should include:

1. Warm-up period: 5-10 minutes of aerobic activity such as walking or bicycling at low
intensity. The warm-up is to prepare the muscles, heart and lungs for the forthcoming
intensive activity

2. Period of intense exercise

3. Cool down period: Occurs following the period of intense exercise. It should last for 5-10
minutes and consists of the same activities as the warm-up. The purpose is to gradually
bring the heart rate down to the pre-exercise level (Fig. 4.3).

b, A
e~

Fig. 4.3: Warm-up and cool-down exercises.
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4. Plan to increase intensity or duration of activity over time
5. Specify number of times a week and minutes of activity each day.

The following walking program is an example of an exercise prescription for a person who
is interested in walking and has not been active. It has both a warm-up and cool-down period
built into it and over time, works to make the person build up the amount of time they are
spending doing more intense exercise.

Tips to Start a Walking Program

Before starting a walking program, consider the following points:

o Wear shoes with proper arch support, a firm heel and thick flexible soles that will cushion
your feet and absorb shock

e Wear clothes that will keep you dry and comfortable

o Start gradually to avoid stiff or sore muscles and joints. Begin walking faster, further and
walking for longer periods of time over several weeks

o Setgoals and rewards

o Keep track of your progress with a walking journal or log

e Asample walking program is provided in Table 4.1.

The more you walk, the better you may feel and more the calories you may burn.

Exercise in Children

Children with well controlled diabetes who are on insulin usually have a fall in blood glucose
during exercise. Paradoxically, children with poor glycemic control especially with blood
glucose less than 250 mg/dL can have worsening of blood glucose control and ketonuria. This
is because of the excess counter regulatory hormones leading to inward lipolysis and enhanced
conversion of FFA to ketones. The details of exercise prescription and precaution in children
are described in detail in the chapter on “childhood diabetes” Children more than 6 years
of age with HbAlc more than 8% are at a greater risk for exercise induced hypoglycemia.

TYPES OF PHYSICAL ACTIVITY

The Mnemonic: “SAFE” exercises are recommended:
o Strengthening exercises

e Aerobic exercises

o Flexibility exercises

o Endurance exercises.

Strengthening Exercises

These are activities that use muscular strength to move a weight or work against a resistive
load. Examples include weight lifting and exercises using weight machines. When performed
with regularity and moderate to high intensity, resistance exercise increases muscular fitness
(Fig. 4.4). Intensity of resistance exercise will be described as “high” if the resistance is less
than 75% of the maximum that can be lifted a single time and “moderate” if the resistance is
50-74% of maximum.
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Table 4.1: A sample walking program.

Warm up Target zone exercising * Cool down time Total
Week 1
. Walk normally | Then walk briskly Then walk normally 15 minutes
Session A . . 3
5 minutes 5 minutes 5 minutes
Session B | —Repeat above pattern—
Session C |—Repeat above pattern—

Continue with at least three exercise sessions during each week of the program. If you find a particular
weeks pattern tiring, repeat it before going on to the next pattern. You do not have to complete the
walking program in 12 weeks

Week2 | Walk5 minutes | Walk briskly 7 minutes Walk 5 minutes 17 minutes
Week 3 | Walk 5 minutes | Walk briskly 9 minutes Walk 5 minutes 19 minutes
Week 4 | Walk 5 minutes | Walk briskly 11 minutes Walk 5 minutes 21 minutes
Week 5 | Walk5 minutes | Walk briskly 13 minutes Walk 5 minutes 23 minutes
Week 6 | Walk 5 minutes | Walk briskly 15 minutes Walk 5 minutes 25 minutes
Week 7 | Walk 5 minutes | Walk briskly 18 minutes Walk 5 minutes 28 minutes
Week 8 | Walk 5 minutes | Walk briskly 20 minutes Walk 5 minutes 30 minutes
Week9 | Walk5 minutes | Walk briskly 23 minutes Walk 5 minutes 33 minutes
Week 10 | Walk 5 minutes | Walk briskly 26 minutes Walk 5 minutes 36 minutes
Week 11 | Walk 5 minutes | Walk briskly 28 minutes Walk 5 minutes 38 minutes
Week 12 | Walk 5 minutes | Walk briskly 30 minutes Walk 5 minutes 40 minutes

Week 13 and thereafter: Check your pulse periodically to see if you are exercising within your target
zone. As you get more in shape, try exercising within the upper range of your target zone. Gradually
increase your brisk walking time to 30-60 minutes, three or four times a week. Remember that your
goal is to get the benefits you are seeking and enjoy your activity

*Here is how to check if you are within your target heart rate zone:

1. Right after you stop exercising, take your pulse: Place the tips of your first two fingers lightly over one
of the blood vessels on your neck, just to the left or right of your Adam’s apple. Or try the pulse spot
inside your wrist just below the base of your thumb

2. Count your pulse for 10 seconds and multiply the number by 6

3. Compare the number to the right grouping below: look for the age grouping that is closest to your age
and read the line across. For example, if you are 43, the closest age on the chart is 45; the target zone
is 88-131 beats per minute.

Age Target heart rate zone
20 Years |100-150 beats per minute
25 Years |98-146 beats per minute
30 Years |95-142 beats per minute
35 Years |93-138 beats per minute
40 Years |90-135 beats per minute
45 Years |88-131 beats per minute
50 Years |85-127 beats per minute
55 Years |83-123 beats per minute
60 Years |80-120 beats per minute
65 Years |78-116 beats per minute
70 Years |75-113 beats per minute

Source: The above sample walking program is adapted from National Institute of Health, August 1993

publication no 93-1667.
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Fig. 4.4: Strengthening exercises.
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Aerobic Exercises

Aerobic exercise uses large muscle groups and requires oxygen for sustained periods. This
consists of rhythmic, repeated, and continuous movements of the large muscle groups.
A total time of about 30-45 minutes a day, at least 5 days a week is recommended for most
people. Thirty minutes does not have to be done at the same time. Walking 10 minutes in the
morning, 10 minutes at lunch and 10 minutes in the evening can have the same benefit. It is
important to get a total of 30 minutes of activity per day, however it is done. Examples include
walking, bicycling, jogging, continuous swimming, water aerobics, and many of the sports
activities. When performed at sufficient intensity and frequency, this type of exercise increases
cardiorespiratory fitness. Intensity of aerobic exercise will be described as “moderate” when
it is at 50-70% of maximum heart rate and “vigorous” when it is at less than70% of maximum
heart rate.

Flexibility (stretching) Exercises

Flexibility exercises are aimed at increasing or maintaining range of motion at joints,
also improve tone in muscles and keep it supple. They help in developing better muscular and
body control. There are various types of flexibility and stretching exercises (Figs. 4.5 to 4.7).
Duration: One should start by holding a stretch for 10 seconds. With practice, one can
comfortably hold a stretch for up to 60 seconds.

Frequency: A person can plan to do these exercises at least five times a week.

Endurance Exercises

Endurance refers to ability to perform low intensity, repetitive, or sustained activities over a
prolonged period of time. Cardiorespiratory endurance is associated with repetitive, dynamic
motor activities such as walking, cycling swimming, or upper extremity ergometry that involve
the use of the large muscle of the body.

Non-weight Bearing Exercises

Weight bearing exercises may be difficult for some individuals with significant obesity
(body mass index > 35 kg/m?), especially those with associated joint degeneration. For these
individuals gradually increasing non-weight bearing moderate-intensity physical activity
should be encouraged. Non-weight bearing exercise options include stationary cycling,
recumbent cycling, seated stepping, upper body ergometry and seated aerobics. In patients
with access to a swimming pool regular swimming and water aerobics are other excellent
choices.

PRACTICAL CONSIDERATIONS (FIG. 4.8)

How Much Exercise?

o Exercises should be done according to FITT principle:
- FREQUENCY: Exercising 4-6 times a week
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Fig. 4.6: Neck range of motion exercises.
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Fig. 4.7: Shoulder range of motion exercises.

- INTENSITY: 30-40 minutes of exercise at 50-80% of target heart rate
- TYPE: SAFE exercises are recommended
- TIME: Morning is ideal.
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Fig. 4.8: Steps in prescribing exercise.
(CVD: Cardiovascular disease, BP: Blood pressure).

Table 4.2: Calories utilized in common activities.

Calories utilized per hour of activity
Exercise/Activity undertaken 60 kilograms individual 80 kilograms individual
Aerobics general 384 531
Badminton 266 368
Basketball, playing, non-game 354 490
Calisthenics, light, push-ups, sit-ups 207 286
Cycling, more than10 mph 236 327
Housework, moderate 207 286
Jumping rope, moderate 590 817
Stationary cycling, moderate 413 572
Swimming laps, freestyle, slow 413 572
Tennis- Singles 413 572
Walking 3.5 mph, brisk pace 224 311

Which is the Best Exercise?

The best exercise is the one that your patient will stick to. Walking is considered one of the
best choices because it is easy, safe and cheap. Brisk walking can burn as many calories as
running, but is less likely than running or jogging to cause injuries. And it does not require
any training or special equipment, except for good shoes. Walking is an aerobic and weight-

bearing exercise, so it is good for the heart and helps prevent osteoporosis.
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How Much Calories Do | Burn with Various Exercise?

The calories burnt in various different activities, depend on a variety of factors including the
weight and height of the individual undertaking the exercise and the intensity of the activity.
An approximation of the calories utilized in common activities for a 60 kg and 80 kg individual
is given in the Table 4.2.
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SELF-ASSESSMENT

1.

A 70-year-old lady with diabetes of 10 years duration, evidence of diabetic neuro-
pathy, moderate nonproliferative retinopathy and microalbuminuria, presents to
the outpatient seeking advice on exercises. She has no history suggestive of IHD
and her recent ECG shows normal tracing. She also has symptoms of degenerative
arthritis of the knees. Which of the following statement is not true?

(a) She needs MCR footwear while at home and outside

(b) Microvascular complications will interfere with her ability to exercise

(c) Her degenerative joint disease limits the weight bearing

(d) A Treadmill test is strongly recommended before any exercise prescription

A 22-year-old college going male with grade 3 obesity and recently diagnosed
type 2 diabetes, with no evidence of micro- or macrovascular complications has
been advised weight loss. All of the following are true except:

(a) Generalized physical deconditioning would limit his effort tolerance to exercise
(b) Weight bearing would unduly stress his joints

(c) Combination of brisk walking, cycling and resistance exercises would benefit him
(d) None of the above

A 26-year-old lady with type 1 diabetes of 13 years with peripheral neuropathy,

macroproteinuria, early proliferative diabetic retinopathy and poor glycemic

control. She weighs 35 kg and has a BMI of 16 kg/m?. All are true regarding her risk

except:

(a) Poor glycemic control puts the patient at risk for DKA and hypoglycemic episodes

(b) Proliferative retinopathy puts her at risk for developing retinal hemorrhage

(c) Diabetic Neuropathy puts her feet at risk for ulceration

(d) Physical activity like Valsalva like maneuvers should be included in her exercise
regimen

Exercise is described as moderate when the heart rate:

(a) 50-70% of maximal (b) 30-50% of normal

(¢) >70% of normal (d) When patients develops moderate dyspnea.
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10.

All the following are benefits of exercise in patients with diabetes except:

(a) Reduction in blood pressure

(b) Decrease in body fat

(¢) Reduction in risk for osteoporosis

(d) Increased predilection for coronary risk factors

Which one of the following is not a potential adverse effect of exercise in patients
with diabetes?

(a) Retinal hemorrhage

(b) Hypoglycemia

(c) Cardiac dysfunction and arrhythmias due to silent ischemia

(d) Renal failure

If a patient has episodes of hypoglycemia during exercise, he should be advised:
(a) To continue exercise as long as he can

(b) To eat a carbohydrate snack

(c) Not to stop exercise even if ill

(d) To always exercise alone

Exercise prescription involves:

(a) Medical evaluation (b) Patient education

(c) Avoiding complications (d) Realistic plan for the individual
(e) All of the above (f) None of the above

In the mnemonic SAFE, S stands for:

(a) Strengthening exercises (b) Stability exercises

(c) Sit-up exercises (d) Endurance exercises

Which one of the following statements about walking in patients with diabetes is
not true?

(a) Walking is an aerobic and weight-bearing exercise, so it is good for the heart

(b) Brisk walking can burn as many calories as running

(¢) Walking is considered one of the best choices because it is easy, safe and cheap

(d) Walking is contraindicated in patients with Type 2 DM with cardiovascular
complications
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Counseling

Ruchita Mehra Srivastava

“Confront a patient: you are faced with his mood,
Could be focused, complacent or generally subdued,
To interact with the person, you must analyze,
The mind and its contents—we cannot compromise.”

The biggest challenge in a chronic illness is that patients not only have to accept their disease condition but also have
to live with it and adapt to it. In diabetes management, wherein the patients are required to take-up an equal share of
responsibility in treatment along with their health care team, counseling plays as important a role as treatment itself.
The aim of counseling in diabetes management is to help patients accept the diagnosis, know its implications, under-
stand the importance of self-care and life-style modifications, comply with clinician advice and most importantly,
have a positive approach towards their life and their treatment. Timely counseling intervention can play a vital role
in enabling a patient to lead a good quality of life, and in turn delay disease progression and onset of complications.

INTRODUCTION

Diabetes is a well-known illness, yet ironically its treatment and management remain ineffec-
tive practiced. Herein lays the challenge for a clinician in not only explaining the treatment,
but also motivating the patient to live with the treatment and helping him psychologically to
cope with life as if nothing has happened. This challenge can be well-explained in relation to
a doctor’s challenge in educating the patient and simultaneously preparing the mind through
counseling. The basic difference between education and counseling is that education only
gives knowledge and awareness so that the expected behavioral change is well-understood,
while counseling prepares the mind to be open to receive a new belief (Table 5.1). In diabetes
management, counseling and patient education go hand in hand.

Table 5.1: Differences between education and counseling.

Education Counseling

Meaning of a diagnosis Accepting the diagnosis

How can it be managed How you can manage it

Why take treatment How treatment can make you feel better

Do’s and don’ts for the family Enabling open communication between patient and family
“This is what you need to do” “You can do it!”
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STEPS IN COUNSELING

Rapport-building

Identifying Counseling Goals
Assessment of Patient’s Level of Coping
Patient Typing

Practical Considerations

Counseling Intervention

Follow-Up

oammgows

Rapport-building

Rapport-building is the most important and often overlooked aspect in counseling. In simple
words, it means to strike a chord with your patients and make them comfortable. It is the
building block of a counseling relationship. The aim of rapport-building is to assure your
patients that they can trust you, approach you for help and can open up to you. The easiest way
to build a rapport is to ask patients about themselves; where they are from, about their work
and their family. If you find something in common with them, share it. If not, simply listen and
respond.

Body language is also an important aspect of rapport-building. A smile on the face and
eye-to-eye contact makes the patient more comfortable. However, you should always take care
to adapt your behavior in accordance to the cultural norms of your setting especially when
interacting with patients of the opposite sex.

Identifying Counseling Goals

A patient could have been referred to you by the doctor for counseling, or at times the patient
or family would have directly approached you. If you are an educator or social worker, at times
you might yourself identify a patient who requires counseling. In any of these scenarios, it is
vital to begin with a counseling goal.

Counseling in a health care setting is a tool to enable desirable treatment outcomes.
Therefore, some of the common counseling goals are to help:
o Patients and families accept the diagnosis
e Equip them with information on disease management
o Develop a positive and proactive approach
o Initiate and maintain life-style modifications
e Compliance to therapy
e Cope with morbidity of complications
¢ Treatment by socioeconomic support.

Assessment of Patient’s Level of Coping

Different patients cope differently when faced with the diagnosis of diabetes. Hence, assessment
of the coping level of the patient is important to decide on the counseling approach. Here, it
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is also important to understand that a patient’s level of coping may vary at different levels of
the disease and treatment.

Stage

Stage of disease has a direct correlation with coping. As the disease progresses, patients tend
to lose hope either overtly or intrinsically.

Counseling focus: At early stages of the disease, you must build hope for the patients to
help them have a positive approach towards treatment. As the disease progresses, you might
need to filter the information. While the nature of prognosis can be communicated to the
caregiver, you must always build a positive picture to the patient.

No one can take away hope from this world, and as counselors it is our duty to always give
a message of hope.

Previous Knowledge about Disease

Previous knowledge about the disease can affect coping both positively and negatively
depending on:

o The amount and quality of the information

e Previous experience with the disease.

Patients equipped with complete information regarding their disease, stage and required
treatment will have a proactive response to it. So also, patients with less or no knowledge might
not take their treatment very seriously and would be very positive not realizing the implications
of the diagnosis. Previous experience refers to a first-hand experience of the disease with a
close relative/friend. For example, a patient who has limited information about diabetes, and
has seen a close friend having a difficult experience will be very disturbed when diagnosed
with diabetes.

Counseling focus: The first step is to evaluate what the patient knows about the disease. If
information is incomplete and previous experience is unpleasant, you must explore and
address any myths or misconceptions. Explain advances in treatment and how it is possible to
treat diabetes and live with it well. If patient is not at all informed, you should share information
on the disease and treatment, but in a nonthreatening way so as not to demotivate the patient.

Age

Age can affect coping both positively and negatively. However, age alone cannot determine
the coping level of a patient and is interrelated with the stage of disease, previous knowledge,
socioeconomic status and family support. A middle aged person would cope well if they
have the right family support and the means to take treatment. However, for bread winners
of the family, it could also affect negatively as they would be restricted by diabetes in
their productive years which can lead to economic constraints. Elderly patients are likely to
become fatalistic as age progresses and, therefore, easily accept the disease. But some might
get extremely panicky if they do not have adequate family and economic support.



I
Counseling 75

Counseling focus: We will first have to map the patient, and then decide the counseling
focus after taking into account the interdependence between age, stage of disease, previous
knowledge, socioeconomic status and family support. For example, a 24-year-old person with
type 2 diabetes has been diagnosed at initial stages, has poor socioeconomic status and no
family support.

In this case, patient will be affected badly as he is in his productive years and belongs
to lower socioeconomic status. Untreated disease might not allow him to work, and with
no income he will not be able to take any treatment. Also, family will now see him as a burden.
Herein, the counselor should first reassure the patient that the disease can be treated, and
he can live a normal life and carry on with his work. Family would also have to be counseled
on the nature of the disease and how their support to the patient is essential.

Sex

Men and women could be affected differently. For a man, disease takes away a sense of control
and brings in dependency resulting in anger and irritability. Some male patients try to mask
their hidden fear by way of denial. For a vast majority of women in the Indian setting, a disease
brings in concern for the family and guilt on the diversion of resources towards one’s treatment.

Counseling focus: Counseling approach for men should focus on bringing back the control,
and for women to place greater value to their own self-care. For both the sexes, importance of
diabetes self-management for the benefit of themselves and their families should be stressed
upon.

Socioeconomic Status

Socioeconomic status has a direct correlation with coping primarily because of the cost of
treatment and the loss of income due to the disease.

Counseling focus: For economically disadvantaged patients, a team effort is required by the
counselor, doctor and social worker to ensure that affordable treatment options are given to the
patient, and also on the ways and means of seeking financial assistance. In the Indian setting,
health care costs are very high and there is no social security. Therefore, seeking treatment is
equally expensive for middle and high income groups adversely affecting the initiation and
compliance to treatment. Here, the counseling focus needs to be on changing their health
beliefs, emphasizing the importance of health care and its inter-relation with all the other
facets of life, and also how timely treatment can save them from long-term costs.

Family/Peer Support

Family/Peer support has a direct correlation with coping. A patient who has the support of
family and friends will cope better as compared to a patient who has no support and/or is
looked at as a burden by the family.

Counseling focus: Here, the counselor should play a major role by becoming a support for
the patient, especially for someone who has no family and peer support. The patient must be
made independent and self-reliant through confidence-building, reassurance and motivation.
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Fig. 5.1: Mapping of patient Mrs. S.
(SES: Socioeconomic status).
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As you can see, all the above factors are inter-related. Hence in order to assess the overall
coping level, these factors are to be mapped to see how each of these positively or negatively
affects coping. For example:

Mrs. S who has been mapped above knows she has an early stage disease which can be
controlled. However, she is very fearful of treatment which she has heard is very painful. She
is young, has a good socioeconomic support so can afford the treatment, and has a very caring
husband (Fig. 5.1).

Therefore, the counseling will focus on clearing her myths about treatment, telling her
about the importance of timely treatment since it is an early stage disease and emphasizing on
her age and favorable prognosis and how much her family needs her. She needs to get better
for them and is lucky to have the means to do so.

Patient Typing

The patient types identified commonly among diabetics are described in Table 5.2.
Recognizing the patient type is helpful to understand their responses to the advised
treatment and, therefore, to design the counseling intervention.

Practical Considerations

Certain practical considerations too need be kept in mind especially in our setting wherein
awareness about counseling is low, and also the counselor does not have much time with the
patient.
o Time Per Patient
The time given to each patient depends on the counseling goal identified. Conversely too,
if time available at hand with the patient is less, the counseling goal has to be accordingly
tailored. For example, in an out patient department (OPD) setting wherein a large
number of patients are to be counseled, the first task will be to give basic health education.
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Table 5.2: Patient types.

Attitude to controlling

Patient type Characteristics Attitude to diabetes diabetes
A. Proactive patient |Knows severity ofthe | “Iwill keep my diabetes Fully involved
disease under control” Optimistic
\ Independent and curi- |“I have a serious problem, |Regular for follow-up
X,‘ Y 0 ® ous by nature butitis not the end of the | Follows dietary
; Aot Motivated for world.—I just have to make |restrictions
@ self-care adjustments” Take drugs regularly

Well-informed

“This will actually help me
discipline my life”

and on time
Exercises regularly

B. Overconfident
patient

.
€

o))
Ao,

Low awareness—
claims that he knows
it all

Self-medication
Relies on friends and
relatives for advice
rather than on his

“This is not serious—I can
manage”

“This drug has not
worked—let me try the
other drug”—tends to
experiment

“I'would not see the doctor

Needs flexibility in
outine—prefers not

to be bound by fixed
dietary regimen

Does not feel the need
for follow-up with the
doctor after initial diag-

doctor this month—I am doing nosis and prescription
Stubborn okay!” Likes to choose his own
Life-style changes medications
inconsistent
C. Skeptical patient | Wants good results with | Postpones treatment Average involvement

low inputs “I do not want to take Irregular for follow-up
Low awareness Insulin”—looks for alter- Lenient in following

7~ Lives for today—short- |nate drugs/home remedies |dietary restrictions

@ @ term benefits more im- | even though insulin is Comfortable with OHA;
portant than long-term |essential. avoids insulin

9
J w4

benefits
Looks for low-effort,
convenient options

“Doctor, can you tell
me when I can stop
treatment?”

Exercises sporadically;
tends to give excuses

D. Resigned patient

l |

Fear drives him to
treatment— “Diabetes
will kill me silently”
Curses fate “Why me?”
Poorly aware—does not
seek to know better
Lacks self confidence
Depends on others

“This disease will affect my
whole life and will finally
kill me”

“There is no cure—I just
have to obey the doctor’s
orders”

“I cannot enjoy my life
anymore”

Mechanically follows

instructions

“Doctor’s exercise

routine”

“ ? : . 4
Doctor’s medication

“Doctor’s visits”

“Doctor’s diet orders”

Goes by the rules “I must somehow save my-
self from coma, heart attack
and blindness”
E. Casual patient Not bothered about “This disease is nothing Does not practice diet
self-care, health or serious—it can be con- control regularly
o A A . diabetes trolled easily!” Escapist attitude—gives
ezt B No drive to know more |“IknowIneed to exercise |lame excuses
@k )@ “Fate brought this dis- |control”—but unwilling to |Health is last priority
ease—]let fate take-care |practice it Treatment of diabetes
of me” “I'do not need a regimen to |is for getting rid of
Everything else is more |tackle my problem” symptoms and to keep

important than self or
diabetes
Defeatist attitude

“Treatment of diabetes is
too costly for me—it is not
worth the expense”

his family happy—not
for self
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At this time, you can identify patients who need more guidance and call them separately.
Individual casework can be undertaken for inpatients.
e Duration of Association

In cases where inpatients will be proceeding elsewhere for further treatment, the focus

should be to first equip the patient and family with basic health education. Also, enough

rapport should be established, so as to assure the patient that you can be contacted for
any information and guidance even from their hometown. If time and resources allow,
we should follow-up at least once or twice with these patients on phone. If the patient
belongs to the same city and is a regular patient to your clinic or hospital, the stepwise
counseling intervention plan can be followed.

o Information Sharing

How much is too much!

Information sharing should be taken up very consciously with a patient. Health care
professionals in their earnest attempt to make the patient realize the importance of self-care
sometimes end up scaring the patient, which leads to patients not returning for follow-ups.
This also affects the coping level of the patient.

Always, information should be shared in a nonthreatening manner. When information that
could disturb a patient is shared, it should be immediately followed with advice on coping.
Also, at times you should consider sharing information such as poor prognosis with the
caregiver and not directly with the patient.

The amount of information to be given is a decision that a counselor should take after
mapping the coping level of the patient as well as studying the patient type.

Counseling Intervention

o Types of Intervention
¢ Models of Behavior Change.

Types of Counseling Interventions

Basic health education at diagnosis stage/initiation stage: At diagnosis, multiple influences
bring in a lot of confusion in the mind of the patient and family. Opinions and suggestions
come in from every quarter delaying the decision-making process. Therefore, the first coun-
seling session should include guidance on the disease, its causes and symptoms, available
treatments and how it is to be managed. Also lot of fear arises from common myths,
misconceptions and limited information. Once these are addressed through counseling, it
immediately gives a clearer perspective. Ultimately, patients have the right and responsibility
to make the final decision. Counseling can make that decision an informed decision.

Basic health education should be provided to each and every patient irrespective of the
setting.

Individual casework: (at each visit to a clinic or a hospital): Individual casework means working
with particular patients over a period of time. This involves helping them set their treatment
goals, following their progress, addressing their problems and queries during the treatment,
and also reaching out to their psychosocial needs. The number of sessions depends on the
counseling goal and the patient’s coping level. For example, counseling goals would differ



I
Counseling 79

for a patient who is bedridden due to complications, as compared to a young diabetic who is
well-informed and is showing good progress in treatment. For the former, counseling would
be in-depth and long-term helping him/her slowly to adjust to the circumstances, and to
develop a positive approach. For the latter, it would be basic health education followed by
few weeks of regular follow-up.

In-depth casework for patients with coping difficulties: In-depth casework is undertaken for
patients who face difficulty in adjusting to the demands of the disease. Mood swings, self-pity,
social withdrawal, and disturbed interpersonal relationships are indicators of poor coping. In
such cases, a joint effort is required from the family members/caregiver, the doctor and the
counselor/educator to motivate and reassure the patient.

Referral to psychiatrist/clinical psychologist (for patients showing symptoms of psychiatric
comorbidities): Diabetes is considered to be one of the most psychologically demanding of
the chronic illnesses and is often associated with several psychiatric disorders. Psychiatric
disorders can be a risk factor for, as well as a complication of, diabetes.

Signs of psychiatric illness such as persistent feelings of sadness, anxiety and emptiness
(that continue even after three to four counseling sessions), feelings of guilt, helplessness,
thoughts of death or suicide with or without suicide attempts, dramatic mood swings ranging
from elated excitability to hopelessness, hallucinations, delusions, disorganized thinking and
speech, are indicative of a need for referral to a clinical psychologist or psychiatrist.

Psychiatric illnesses are still considered a taboo in some parts of our society; hence this
should be handled sensitively and carefully by the counselor.

Models of Behavior Change

Health belief model (to initiate desirable behavior change): The “health belief model” has been
used to explain the reasons for the adoption of healthy behaviors or acceptance of preventive
health practices. In this model, people’s beliefs are the key factors.

This model states that people calculate “return on investment” based on own perceptions.
Factors considered important in health care decisions (Richards 1997):

o Perceived severity

e Perceived susceptibility

e Value of the treatment

o Barriers to treatment

¢ Cost of treatment—physical and emotional.

In studies, it has been found that cost barriers are the most important factors in making a
decision to change. This means that if a change costs too much either in money or time and
energy, people are less likely to implement it. It is important for a counselor to understand and
address these factors.

o Perceived severity

- Explore the perceived severity of diabetes

- Ask people how much they know and how serious they think diabetes is

- Many people do not think diabetes is a significant problem, especially if they do not

have to take medication. If they do not think it is serious they are less likely to make a
change to improve their health
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What can you do to help: Give some basic information, do not use scare tactics
Although, it may be tempting to tell people all the worst possible outcomes in an effort
to communicate the severity of the condition, it has been shown that scaring people
does not result in long-term behavioral change.

o Perceived susceptibility

Ask about perceived susceptibility

Do they feel that the complications will happen to them?

Do they feel that they can master this? That while it might happen to others, they will
somehow be protected?

People who feel that their diabetes will not progress or that they will not develop
complications may be in denial. In these cases, behavioral change is unlikely since the
perception is that “nothing is going to happen anyway”.

What can you do to help: Discuss the realities without applying scare tactics. Stay
positive and communicate that good management will reduce likelihood of disease
progression.

o Value of treatment

Ask how people perceive the value of treatment?

Do people think that the medication or treatment will make a difference?

Sometimes people with diabetes have seen others take a medication and subsequently
develop complications. They may think that, therefore, the medication does not “work”.
Sometimes people are afraid of a treatment and its side effects; or, as is the case of
insulin, people are afraid of administering it.

What can you do to help: Inform people about all the treatment options. Explore all
their fears. If they have had a negative experience, you should encourage them to tell
you about it so that you can put it into perspective. Make sure that they know what to
expect from a medication.

e Barriers to treatment

Explore the barriers to treatment.

The cost of a medication is an important barrier. However, other key factors include
the cost in terms of time, side effects, or disruption to daily activities. People weigh-up
the benefits they can expect from a medication or change in behavior against the cost.
If the cost outweighs the benefits, it is unlikely that the change will be implemented.

What can you do to help: Find out the costs for the individual, not only in financial terms but
also in other areas. Then help the person find ways to overcome those costs.

In summary, the health belief model focuses on people’s beliefs regarding the condition
and the treatment. Your role as a health care provider is to find out what these beliefs are and
help people develop realistic perceptions that will result in positive health behavior.

Now, if we correlate these health beliefs with our patient types, what would commonly
emerge is shown in Table 5.3.

Empowerment model (to maintain behavior changes): This model states that our job is not
to make people change, but to provide information, inspiration and support that will enable
them to make the changes of their own choosing. Diabetes is primarily a self-care condition.
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Table 5.3: Correlation of health beliefs with patient types.

Perceived | Perceived Value of treatment/life- | Cost (Tangible/
severity susceptibility | style modifications Intangible)
The proactive patient | High High High Low
The skeptical patient | High High Low (as will always seek | High (unless it shows
immediate answers) immediate results)
The resigned patient | High High High but anxiousness Low (anything to take
negatively affects diabetes away)
approach to treatment
The casual patient Unsure Unsure Unsure High
The overconfident Unsure but | Unsure but Low High
patient pretends pretends
otherwise | otherwise

People with the condition, in whatever setting, make multiple and complex decisions about
the way they manage their diabetes on a day-to-day basis. For example, one day people can
choose to take their blood glucose-lowering medication, and another day chooses not to.

The empowerment model is based on a five-step approach to self-directed goal setting.
Each step is equally and critically important.
. Identzfj/ the problem: The first step is to identify the problem.

It is important to identify any problem from the person’s perspective—not that of the
counselor.

Ask questions which help the person to obtain clarity. Usually, asking “why is that?”
several times will help you get to the root of a problem.

Solutions that do not address the problem itself are doomed to fail. We are not
responsible for solving people’s problems; the solutions that are the most meaningful
and effective must be determined by the person with the problem.

Our job is to ask questions that will help people to identify a solution.

o Explore feelings: Step two is to determine how this problem affects people with diabetes
and their behavior.

Asking people to describe their thoughts may be less threatening than asking about
feelings. Statements such as “It sounds as if you feel embarrassed about having to test
your blood glucose at work” show that you are listening and attempting to understand
the person’s feelings.

Feelings are not problems to be solved! As a counselor, you need to just listen.

o Set goals: The next step is to help people to decide on their objectives.

Asking “what” several times can help the person to obtain clarity about their intentions.
It is important to find out people’s level of commitment. Ask “On a scale of one to ten,
with ten being the highest, how important is this for you?” If people give a low number,
ask if this is truly an area that they wish to address immediately. If they indicate a high
number, acknowledge their level of commitment.

e Make a plan

Itis very important to help people to identify one action that they can take to initiate the
steps towards their goal.
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Table 5.4: Models of behavior change.

Health belief model Empowerment model
Basic principle | In this model, people’s beliefs are the | According to this model, we need to
key factors; people calculate “return acknowledge that our job is not to make
on investment” based on own percep- | people change, but to provide information,
tions inspiration and support that will enable
them to make the changes of their own
choosing
Suggested for | Initiating desired behavior change Maintaining behavior change
Intervention Assessment and addressal of Self-directed goal setting
through Perceived severity Identify the problem
Perceived susceptibility Explore feelings
Value of the treatment Set goals
Barriers to treatment Make a plan
Cost of treatment—physical and Evaluate the results
emotional

- Aplanshould be—realistic, completely within their control, measurable and personally

meaningful.

Goals such as weight loss or blood glucose readings are generally not completely within
the control of people with diabetes. It would be more useful to identify behaviors that help
them to reach these goals. For example, they may have control over what they choose to eat
and decide to eat less servings of a chosen foodstuff.

o Evaluate the results: One approach is to encourage people with diabetes to think of these
steps in terms of experiments rather than successes or failures. The benefit of an experiment
is that you can always learn from it. In fact, our most helpful learning often comes from
experiments that did not work well. The process then begins again with either the same or
anew selected action. The two models are compared in Table 5.4.

In summary, the empowerment model focuses on recognizing that we cannot motivate
another person but can only assist people with diabetes in selecting and attaining goals that
are meaningful for them. They can empower themselves when they know what they want to
achieve and have the necessary support to do so.

Follow-up

Nature of follow-up depends on type of intervention. It also important to get the family
members involved.

Counseling Caregivers and Family Members

While the patient is the focus of the entire counseling intervention, it is also essential to take
out time to guide the immediate attendant (spouse/children/parents/friends) of the patient.
The counseling process herein could involve:

Basic Health Education

To equip them with information related to managing the patient with regard to treatment.
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Fig. 5.2: The counseling process.

Individual Casework for “Caregiver Stress”

Caring for their loved ones can make caregivers forget themselves. They feel guilty if they leave
the patient unattended, they stop going out due to social pressure, and this leads to burnout
or “caregiver stress”. This also brings in feelings of guilt in the patient. Therefore, counseling on
the importance of self-care is a must.

Family Therapy

Involves opening-up communication channels between patients and their families. When
faced with a disease, at times an insecurity and fear develops in the patient’s mind regarding
the acceptance of his/her condition by the family. At this stage it is very important for them
to feel the family’s unconditional love and care, as that will motivate them to want to get well
again. Family members need to be counseled to trust the patient and, hence, avoid constant
nagging. This becomes especially important in the case of patients who have been independent
and in control of their lives before being diagnosed. There is a time to care, and a time to just
let the other person be. The counseling process is depicted in (Fig. 5.2).
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Fig. 5.3: Role of the counselor.

CONCLUSION

Health care in today’s world is moving over from pharmacotherapy to a more patient-centric
treatment approach wherein the “patient’s will” is of prime importance. Relying on counseling
is relying on one’s own will-power. Counseling brings in confidence, confidence brings in will-
power and we all know that “where there is a will, there is a way”. The role of the counselor is
depicted in Figure 5.3.

CASE STUDIES

Case 1

Mr. V, age 43, a jeweler by profession, has just got diagnosed with diabetes. His father was also
a diabetic and died of a heart attack. He has come to the local hospital and has been prescribed
insulin. His wife has shared that the patient does not want to start therapy and instead wants
to consult a local healer.
The doctor has sent Mr. and Mrs. V to you for counseling.
e Whatis the counseling goal?
e How will you map this patient’s coping level?
e What is your patient type?
e What type of counseling intervention would you undertake?
o What model of behavior change would you use?
e Are there any practical considerations that you have to account for?
o Design your step-wise counseling plan for this patient?

Discussion

Most of the time, this is all the information that a counselor receives about a patient during a
referral. From the available information, we have some cues (Table 5.5).
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Table 5.5: Cues and their interpretation.

Cues What they mean

Referred by doctor Probable goal is to help the patient and to initiate the therapy
Newly diagnosed patient Initial shock, anger and fear

Jeweler by profession Will be able to afford treatment

Family history of diabetes | Previous experience may impact the coping level

Hesitation to start therapy | Has some misconceptions regarding treatment and therefore fears it

Mr. V, age 43, a jeweler by profession, has just got diagnosed with diabetes. His father was
also a diabetic and died of a heart attack.

He has come to the local hospital and has been prescribed insulin.

His wife has shared that the patient does not want to start therapy and instead wants to
consult a local healer.

The doctor has sent Mr. and Mrs. V to you for counseling.
Before meeting the patient, the counselor should have a meeting or a telephonic discussion
with the referring doctor to identify the counseling goal.
Step 1: Rapport-building
Mr V might not be so keen to meet a counselor since he does not want to start treatment and
therefore, will be against any person who suggests otherwise. Your rapport-building process
should focus on making him understand that you are on his side, and you can answer any
queries regarding why the doctor has prescribed the said treatment. It would help to have
a quiet place for the first session, have a smiling face, maintain eye-to-eye contact and use
open-ended questions to know the basic demographic details, disease history, and family
background.

Step 2: Identifying Counseling Goals

The probable counseling goals in this case are:

e Help Mr. V and his wife accept the diagnoses

e Equip them with information on disease management
o Encourage them to initiate the therapy

o Help develop a positive and proactive approach.

Step 3: Assessment of Patient’s Level of Coping

A lot of interaction is required to assess the coping level of a patient (Fig. 5.4). This should be
done during the course of rapport building through open-ended questions, observing the
body language and the interaction between the patient and the accompanying caregiver. Some
examples of open-ended questions are:

To assess understanding of the stage of disease: What did the doctor tell you about your
illness?

To Assess Previous Knowledge

Have you seen any close person having diabetes? How are they now? What treatment did
they take? Did it help them? What do you know about diabetes and its treatment?
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Fig. 5.4: Mapping of a patient, Mr V.

Socioeconomic Status

Do you have health insurance? How will you be bearing the cost of the treatment? Will
treatment be causing financial strain to you?

Assumptions for Mapping

Mr. V has been prescribed insulin at diagnosis. This, for him could be an indicator of advanced
stage of disease and could have a negative effect on coping. He is not keen to start treatment
and his father had diabetes and died of a heart attack. From the former, it appears that the
patient is not well-equipped with information on the disease and importance of treatment
and from the latter we gather that previous experience with the disease has been unpleasant.
He appears to be able to afford the treatment; therefore, financial burden will not be there.
The presence of his wife and her willingness to seek a counselor’s help indicate positive family
support.

Step 4: Patient Typing
The type of patient cannot be assumed without meeting a person. From the information
available, he could be a skeptical patient or a resigned patient.

Step 5: Practical Considerations

The first interaction in this case has to be the most effective as this is the time that the patient
will be making the decision whether to start treatment or not. Hence, the counselor should
give sufficient time; at least 30 minutes, if not more. Information should be shared in a
nonthreatening way with a focus on removing myths and misconceptions. The importance of
treatment for a healthy disease—free life as well as to reduce the risk of complications should
be shared.
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Step 6: Counseling Intervention:

Type of intervention: Basic health education followed by Individual casework at each visit to
the hospital.

Model of behavior change: health belief model: to find out the patient’s belief regarding
his disease and condition and to help him develop realistic perceptions for positive health
behavior.

Step 7: Counseling to Caregiver:

The counselor should take out some special time for Mrs. V. The counseling process should
touch on. Basic health education, individual casework and family therapy.

Case 2

On your ward rounds, you have come across Mr. M, a known diabetic since the last 10 years.
He has come to your hospital with a fasting of 250 and postprandial of 380. He has already
developed retinopathy and neuropathy. His past history shows that he has changed over
15 doctors. His compliance to treatment had been poor as he has never followed doctor’s
advice over 6-8 months. On two occasions in the past, he himself discontinued treatment.
Even though, yours is the most prominent hospital in the city, he has come to the diabetologist
here for the first time. The patient is to be discharged the next day.
Design your step wise counseling plan for this patient?

Discussion in Brief

The counseling goal for this patient which is essential for a desirable treatment outcome is—to
help compliance to therapy, initiate and maintain life-style modifications and to help develop
a positive and proactive approach to treatment. Assessment of this patient’s coping level has to
be done very thoroughly to understand the hurdles making this patient switch treatment. This
patient could be the casual patient or the overconfident patient. The counseling intervention
should involve basic health education followed by in-depth casework. A combination of
both the models of behavior change should be used; the health belief model to understand
the patient’s beliefs behind his health behavior and the empowerment model to make the
patient take responsibility of his actions and help him make the change as per his choosing.
Since this patient resides in the same city, the counselor should take in-depth casework across
many sessions. We have to understand here that a health behavior practiced for 10 years
will not go away in 3-4 sessions. Some fear would have to be induced in the patient. Also,
follow-ups will play a key role towards compliance to treatment and suggested life-style
modifications.

Also, the counselor should identify a family member and make them a partner in this
process because he/she would be with the patient all the time.
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SELF-ASSESSMENT

1.

Steps in counseling include all except:

(a) Rapport-building

(b) Clinical examination

(c) Patient typing

(d) Assessment of patient’s level of coping
Identify patient type:

e Well-read and well-informed

o ‘Diabetes is serious but can be controlled’
o Regular visits to the doctor and check-ups

(a) The skeptical patient (b) The over-confident patient
(c) The proactive patient (d) The casual patient
Identify patient type:

o Laid back attitude towards self-care, health and diabetes

¢ Does not realize the seriousness of the disease

« There is no regular control that is practiced

(a) The over-confident patient (b) The skeptical patient

(c) The Proactive patient (d) The casual patient

For a patient facing difficulty in adjusting to the demands of the disease and showing
poor coping, which type of counseling intervention would you use

(a) Basic health education (b) In-depth casework

(c) Referral to clinical psychologist (d) All of the above

For the above patient, which model of behavior change is applicable and why?

(a) Health belief model (b) Empowerment model
(c) None of the above (d) All of the above

According to the Health Belief Model, people calculate ‘return of investment’ based
on all except:

(a) Perceived severity (b) Value of treatment
(c) Cost of treatment (d) Previous family history

For an over-confident patient, all of the following are true except:

(a) Low perceived severity (b) Low perceived susceptibility
(c) Low value of treatment (d) Low cost of treatment



I
Counseling 89

8.

10.

According to the Empowerment model of behavior change, a plan should be
e Realistic

e Completely within their control

e Measurable

e Personally meaningful

(a) All except ‘measurable’ (b) Only ‘realistic’
(c) None of the above (d) All of the above
‘Caregiver stress’ is

(a) Burn-out of the caregiver

(b) Burn-out of the counselor

(c) Not associated with feelings of guilt

(d) Not an indication for counseling

Counselor can be

(a) A ‘friend’ (b) An ‘educator’
(c) An‘intermediary’ (d) All of the above
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“Metformin-foundation, can reduce your weight,
Sulphas cause hypos, don’t take them too late,
Glitazones, problems with regards to weight
Gliptins are safe, taken in any state.”

The mainstay of treatment of type 2 diabetes includes diet, modifications of lifestyle and oral antidiabetic
agent (OAD) therapy. The major aims are not only to improve glycemic control and reduce the weight of obese
patients but also to reduce the risk of cardiovascular disease, reduce adverse effects and improve compliance.
The specific medications used in patients with type 2 diabetes are determined by clinical judgment about
the likely balance between beta-cell impairment and insulin resistance. Preventing hypoglycemia and
improving compliance through less frequent dosing are the other important targets. The menu of medications
has expanded greatly over the last decade and even more in the pipeline, this is especially because of a greater
understanding of the pathogenesis of type 2 diabetes mellitus (T2DM) at least eight organs being implicated
in the pathogenesis (Fig. 6.1).
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Fig. 6.1: Diabetes pathophysiology: Traditional triad to ominous octet.’
(HGP: Hepatic glucose production).
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ROLE OF ORAL ANTIDIABETIC AGENT
THERAPY INTYPE 2 DIABETES MELLITUS

Oral antidiabetic agents follow diet and exercise in the management of an individual with

frank diabetes mellitus (Table 6.1). While trying to use OADs in the control of diabetes mellitus,

one should also try and attempt to:
o Conserve islet cell function and thereby delay subsequent use of insulin
o Decrease the prevalence of hypoglycemic episodes
o Improve patient compliance with medications (attempting to reduce the frequency of

dosing)

e Consider the cost factor when the affordability of the patient comes into play.
The mechanism of actions of various classes of OADs is summarized in Figure 6.2.

BIGUANIDES

The underlying mechanism of biguanides in glycemic control includes:
e Reduction in hepatic gluconeogenesis
e Reduction in appetite

Table 6.1: Oral antidiabetic agents.

Class Medications Target pathogenetic factor | Mode of action
Sulfonylureas (SU) | Glibenclamide, Reduced beta cell func- Stimulates insulin release
Glipizide, Gliclazide, |tion-> { insulin secretion (secretagogue)
Glimepiride
Meglitinides Repaglinide,
Nateglinide
Biguanides Metformin Hepatic insulin resistance | Inhibits hepatic glucose
(elevated hepatic glucose | production - Insulin
output) sparing
Alpha glucosidase | Acarbose, Miglitol, Excess calorie intake— Delays/inhibits carbohy-
inhibitors Voglibose intestinal absorption of drate absorption in the gut
glucose
Thiazolidinediones | Pioglitazone Adipocyte and peripheral | Improves peripheral insulin
muscle insulin resistance | sensitivity
Dipeptidyl pepti- | Vildagliptin, Sitag- Incretin mediated insulin | Glucose induced insulin
dase (DPP) inhibi- | liptin, Saxagliptin, secretion, Excess calorie response
tors Linagliptin intake—intestinal
absorption of fat
Dopamine Bromocriptine Insulin release under Hypothalamic dopamine
agonists vagal control release
Quinine Hydroxychloroquine |Augmentinsulinrelease |Increase affinity of insulin to
derivatives and action insulin receptor
Sodium-glucose Dapagliflozin Enhanced glucose Inhibits SGLT2 receptors
cotransporter 2 Canagliflozin excretion and reduces glucose
(SGLT2) inhibitors | Empagliflozin reabsorption
Ipragliflozin




I
92

A Practical Guide to Diabetes Mellitus

- -
W
P inh Fl-::.uﬂt
LGlucigan rmﬂr-ir sHapdin ghicosa rednass -

AncSxiliry SECHELnOOgLeL-

sultoryluieas :rn-:l rr'ngihr'l *Parjphaial gluchse

oPP Iy uptakn
= Muscie oo
‘-‘lnslam sucretion ' Ejh'n'l — SGLTZ
and refaass [ flucoss inhibaors
- | IrmeElirgl Wpads nhikoe
- -""'. Chilarttjuina +Fal abeafplion
il Tlrsulin refasse and action
Pancreas

"T'h-

S saiy  Alpha glucossdase

) inhidom
.r "

5 + Glucnse abaeplion Carbohydrabos
d Erain vl iy fiues

"' 'hl

Tuingal medaied insulin
SECTE Y Bl hid S

2 Agonists [Bromocniplng)

Fig. 6.2: Mechanism of action of oral antidiabetic agents (OADs).
(SGLT2: Sodium glucose cotransporter 2; DPP-IV: Dipeptidyl peptidase 4 inhibitors).

¢ Inhibition of intestinal absorption of glucose
¢ Increase in insulin-mediated glucose utilization in peripheral tissues such as muscle and
liver.
Besides the abovementioned functions, biguanides also help in lowering triglycerides
by decreasing the hepatic synthesis of triglycerides.

Adverse Effects of Biguanide Therapy

e Nausea and diarrhea (< 5%): Diarrhea may be a transient phenomenon and may subside
in 3-4 days. Start with a lower dose and increase gradually to minimize gastrointestinal
side effects

e Vitamin B12 malabsorption (< 0.2%) and more than 10% in the elderly more than 60 years

e Lactic acidosis when prescribed in renal failure (metformin does not interfere with
mitochondrial inhibition of lactate formation and therefore spontaneous lactic acidosis
is rare as compared to phenformin. Moreover, it is more hydrophilic unlike the lipophilic
phenformin and is not dependent on hepatic degradation).

Dose

Metformin can be used up to 1 g thrice a day and it is also available as extended release
(or sustained release) form. It is important to inform patients who are on the sustained release
form that the active principle is absorbed and the vehicle is excreted in the stool and this
does not interfere in the action of the drug.
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Therapeutic Application

e Drug of choice in obese T2DM
e Asanadd on to dietary therapy in T2DM
 Failure to achieve optimal glycemic status with sulfonylureas (SUs).

Contraindications

Metformin is contraindicated in the following situations:

e Renal impairment: Plasma creatinine values more than 1.5 mg/dL for men and more than
1.4 mg/dL for women. More recently there is evidence to suggest that it can be advocated
with a creatinine of up to 1.7 mg/dL

e Cardiac and respiratory insufficiency that is likely to cause central hypoxia or reduced
peripheral perfusion. However, there are studies to show that it can be tolerated in class IV
cardiac failure, provided renal functions are normal

o History oflactic acidosis

o Severe infection that could lead to decreased tissue perfusion

o Liver disease, including alcoholic liver disease. Interestingly, there are studies to show
that it may inhibit hepatitis C viral replication

e Use of intravenous radiographic contrast material (relative contraindication).

SULFONYLUREAS

Sulfonylureas augment insulin response by binding to the receptor on the extracellular
domain of ATP modulated K* channels and causes its closure (Table 6.2). This depolarizes
the membrane leading to the entry of calcium through voltage dependent calcium channels
(VDCC) and the resultant increase in intracellular Ca** concentrations lead to fusion of insulin-
containing vesicles to the plasma membrane and subsequent rapid exocytosis of insulin from
B cells. In addition to this, some SUs are now known to directly activate the cAMP sensor
Epac2 (exchange protein activated by cAMP 2) to induce Rapl signaling which can induce
the exocytosis of insulin-containing vesicles (Figs. 6.3A and B). The distinct effects of various
SUs appear to be because of their differential actions on Epac2/Rapl signaling as well as K,
channels. Kir 6.2/SUR2A is present in the cardiac cell membrane (sarcolemmal) channel which
closely mimics the SUR1. First-generation SUs like glibenclamide prevent cardioprotection
induced by ischemia by interacting with mitochondrial K, , channels, whereas second
generation SUs are thought not to interfere with ischemic preconditioning.

Table 6.2: Drug profile: Sulfonylureas.

93

Sulfonylurea Duration of action Mode of metabolism Daily maximum dose
Glibenclamide Up to 24 hours Hepatic and renal 10 mg BD
Glipizide Up to 2 hours Hepatic 10 mg BD
Gliclazide 10-20 hours Predominantly renal 160 mg BD
Glimepiride Up to 24 hours Hepatic 8 mg OD
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Fig. 6.3B: Differential effects of sulfonylureas on SUR and Epac2.
Source: Hinke SA. Epac2: a molecular target for sulfonylurea-induced insulin release. Sci Signal. 2009;2
(85):pe54.

Available Agents

Glibenclamide

This is the most commonly used OAD available as a micronized formulation with consistent
bioavailability. Its efficacy in reducing hyperglycemia is equal to other SUs but, it is associated
with high rates of side effects including its long duration of action causing serious hypo-
glycemia and modest weight gain.
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Glipizide
Glipizide is available in both short-acting and extended release forms. Its shorter duration
of action necessitates multiple doses a day. Better control of postprandial blood glucose is

achieved with glipizide. With long term use it maintains an insulinotropic action. It can be
used in patients with mild to moderate renal impairment (creatinine clearance >30 mL/min).

Gliclazide

Besides its role as an antidiabetic, it has a favorable influence over platelet aggregation and
fibrinolysis. Several studies have shown that gliclazide has antioxidant properties, reduces
markers of endothelial inflammation, and prevents glucose-induced apoptosis of endothelial
cells. These positive antioxidant effects are not confined to the vascular wall but they are
effective also in the  cells. Weight gain is usually not observed in subjects with gliclazide.
A sustained release form of gliclazide also is available.

Gliclazide also reduces the adhesion of monocytes to endothelial cells, and does not
interfere with ischemic preconditioning.

Glimepiride
It has rapid onset and prolonged duration of action.

It has more selectivity for beta-cell K, , channels. It binds to the 65 kDa receptors leading
to more rapid onset and longer duration of glucose lowering effects (other SU target 140 kDa
proteins) (Fig. 6.4). It has an insulin mimetic effect in the peripheral tissues possibly mediated
by glucose transporter type 4 (GLUT-4).

Glimepiride does not restore first phase insulin secretion and it increases second phase
insulin secretion, whole body glucose uptake and increases insulin sensitivity. Glimepiride
treatment is associated with lower rates of hypoglycemia than other sulfonylureas.
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Fig. 6.4: Mechanism of action of glimepiride versus other sulfonylureas.
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Glimepiride versus other Sulfonylureas

Glimepiride is therapeutically more advantageous because:

Prevents postexercise insulin release and therefore has a reduced risk of hypoglycemia
Does not accumulate in the body with reducing renal function and its hydroxy metabolite
has negligible effects on blood glucose, hence can be safely used in mild renal failure
and the elderly

Does not exhibit any drug interaction and due to poor binding to cardiac tissue, the inter-
ference with ischemic reconditioning is less compared to other SUs. However, the clinical
impact of ischemic reconditioning is now considered to be insignificant.

Therapeutic Applications of Glimepiride

Single daily dosing, generally

Comparable hypoglycemic side effect profile to glipizide
Safer in cardiac disease

Peripheral action conserves endogenous insulin

Safer to use in physically active.

MEGLITINIDE

Meglitinides are nonsulfonylurea insulin secretagogue.

Mechanism

The insulinotropic action of meglitinides is mediated via the inhibition of ATP dependent
potassium ion channels in the beta cell membrane which results in depolarization of the cell
membrane and influx of calcium ions through voltage-gated channels. Intracellular calcium
concentration is thus increased leading to increased degranulation and subsequent insulin
release. Though the action is similar to SU, the receptors are different.

Available Agents and Dosing

Repaglinide: 0.5 mg/1 mg/4 mg per meal
Nateglinide: 60 mg/120 mg per meal.

Therapeutic Application

Low incidence of hypoglycemia

Flexibility in mealtime dosing

No significant increase in body weight

Can be used in mild to moderate renal failure.

Disadvantages

Frequent dosing
Mainly for mild diabetes mellitus
Generally as a first line single agent with minimal adjuvant potential.
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ALPHA-GLUCOSIDASE INHIBITORS

These agents are primarily used to reduce postprandial hyperglycemia without increasing
the insulin levels. They have a minimal effect on the fasting glucose concentration and there-
fore, will lower glycated hemoglobin (HbA1lc) levels by usually 0.5 to 1.0%

Complex carbohydrates are cleaved by amylases in the small intestines into oligosac-
charides. These oligosaccharides are poorly absorbed and are therefore broken into mono-
saccharides by a variety of alpha-glucosidase enzymes to facilitate rapid absorption. The
cleavage of the oligosaccharides by the alpha-glucosidase enzyme involves binding of the
oligosaccharides to a binding site on the enzyme, followed by hydrolytic cleavage. Alpha-
glucosidase inhibitors compete with the oligosaccharides and delay the absorption of complex
carbohydrates.

Side effects of alpha-glucosidase inhibitors are:

o Flatulence
e Diarrhea
e Abdominal discomfort.

Available Agents

Acarbose inhibits pancreatic amylase. The usual dose is 50 mg per day with the first bite of
each meal. Maximum dose per day is 200 mg/day.

Voglibose inhibits most alpha-glucosidase enzymes (glucoamylase, sucrase, maltase, and
isomaltase). The usual dose is 0.2-0.3 mg/day with each meal.

Miglitol has no effect on pancreatic amylase but exerts an inhibitory effect on nonintestinal
alpha glucosidase present in other cells of the body. It mildly interferes with glucose absorp-
tion by interacting with the intestinal sodium dependent glucose transporter. The starting
dose is 25 mg thrice daily with the first bite of meal. Maximum dosage is 100 mg.

Clinical Use

Alpha-glucosidase inhibitors must be given at the start of each meal and are effective only
if the diet consists of at least 40-50% carbohydrates. These drugs are extremely effective in
the treatment of severe hyperglycemia following gastrointestinal surgery and other forms of
reactive hyperglycemia.

Contraindications

o Diabetic ketoacidosis

¢ Chronic intestinal diseases characterized by marked digestive or absorptive disorders

o Hypersensitivity to miglitol

o Inflammatory bowel disease or other conditions which may deteriorate with increased gas
formation

o Intestinal obstruction.



98

A Practical Guide to Diabetes Mellitus

Precautions

e Serum creatinine above 2 mg/dL

o Concurrent use of miglitol and a SU may result in hypoglycemia

o Since miglitol delays the absorption of sucrose, oral glucose (dextrose) should be used if
hypoglycemia occurs.

THIAZOLIDINEDIONES

Thiazolidinediones are ligands for an orphan nuclear receptor peroxisome proliferator-
activated receptor (PPAR gamma). They exert insulin sparing action by activation of PPAR
gamma. They increase insulin sensitivity by increasing peripheral uptake of glucose in muscle
and adipose tissue. They also lower hepatic glucose production to a lesser extent and stimulate
oxidation and lipogenesis in adipose tissue. They increase GLUT 4 transporters in adipose
tissue (Fig. 6.5).

Therapeutic Applications

o Important second/third line OAD

o Potential single daily dose (with pioglitazone)

e Decreases arterial blood pressure minimally

o Progressive increase in high-density lipoprotein (HDL)

o Safer in moderate to severe renal failure

e Decreases microalbuminuria

e Decreases vascular intimal thickening

o Thiazolidinediones can also be used in patients with renal insufficiency and polycystic
ovary syndrome (PCOS).?

Adverse Effects

e Weight gain (20%) (2-4 kg)

¢ Ankle edema

e  Fluid overload

o Hepatotoxicity (0.6%)

« Potential, however low risk of bladder carcinoma.

Contraindications

e New York Heart Association (NYHA) Class II, I1I, IV of ischemic heart disease
e Volume overload states

o Hepoatitis (acute or chronic)

¢ Macular edema

e Dysthyroid ophthalmopathy

e Osteoporosis (caution)

e Bladder cancer.
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Fig. 6.5: Mechanism of action of thiazolidinediones.

Available Agents

Pioglitazone: 30/45 mg once daily.

From the available literature in light of the current debates and controversies, pioglita-
zone appears to be marginally safer to use with relation to its impact on the cardiovascular
system compared to rosiglitazone. Rosiglitazone had been banned by the US Food and Drug
Administration (FDA).

Recent Controversies

In 2012, after a French publication on the association of pioglitazone and bladder cancer,
there was a spate of events happening one after the other, to the extent that the drug was
banned in India for a few weeks. However more robust data from the PROactive follow-up
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study revealed no possible risk of bladder cancer. At present it may only be avoided in those
with past history or family history of bladder cancer.

INCRETIN EFFECT

Incretin effect implies to the release of certain substances from the gut in response to the
ingested food. These substances enhance insulin secretion, beyond the release caused by the
rise in glucose secondary to absorption of digested food. Incretin effect is observed in both
normal healthy individuals and type 2 diabetes but the response in diabetics is diminished.
This reduced effect may be due to reduced responsiveness of pancreatic beta cells to incretin
hormones or impaired secretion of hormones in response to food.
An incretin hormone has the following characteristics:
o Itisreleased from the intestine in response to food, particularly glucose
o The circulating concentration of the hormone is sufficiently high to stimulate the release
of insulin
o The release of insulin in response to physiological levels of the hormone is glucose
dependent.

Glucagon-like Peptide-1 Analogs and

Dipeptidyl Peptidase Inhibitors

Incretin hormones potentiate glucose mediated insulin response and are chiefly caused by
two peptide hormones—(1) glucose dependent insulin releasing polypeptide (GIP) and (2)
glucagon-like peptide (GLP-1). GIP is secreted by K cells from upper small intestine and

GLP-1 is mainly produced by the enteroendocrine L cells located in the distal intestine. GIP
and GLP-1 are rapidly inactivated by the enzyme dipeptidyl peptidase-IV (DPP-1V) (Table 6.3).

Dipeptidyl Peptidase Inhibitors

Newer therapeutic candidates for the treatment of type 2 diabetes are those drugs that enhance
glucose-dependent insulin secretion called dipeptidyl peptidase inhibitors. This novel class

Table 6.3: Comparing dipeptidyl peptidase-IV (DPP-1V) inhibitors with glucagon-like peptide (GLP-1)

agonists.

DPP-1V inhibitors GLP-1 agonists

Orally available Injectable

Multiple targets Single known GPCR target

GLP-1, PK favorable Higher levels of GLP-1 available, but narrow PK profile
Short acting Long acting—days to weeks

Drug overdose—nontoxic Drug overdose problematic

No central nervous system side effects Nausea and vomiting

Less defined side effect profile Well-described side effect profile

(PK: Pharmacokinetics; GPCR: G-protein coupled receptors).



Oral Antidiabetic Agents 101

Flowchart 6.1: Schematic drawing of the role of dipeptidyl peptidase-IV (DPP-IV) in the inactivation of
incretins (GLP-1, GIP).
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of agents includes those that inhibit the hormone (dipeptidyl peptidase inhibitors) and
subsequently potentiate and prolong the endogenous incretin effect.

Mechanism of Action of DPP-IV Inhibitors

e Glucose mediated insulin secretion

o Stimulation of insulin biosynthesis

¢ Inhibition of glucagon secretion

¢ Inhibition of gastric emptying and acid secretion
e Prevents degradation of incretin hormones.

The use of DPP-1V inhibitors to improve the duration of endogenous GLP-1 activity is one
method currently being investigated as a treatment for patients with type 2 diabetes. DPP-IV
inhibitors exert their action in part by slowing the inactivation of incretin hormone GLP-1,
leading to increase in concentrations GLP-1 which are generally decreased in patients with
T2DM. DPP-1V inhibitors preferentially target postprandial glucose excursions, but have also
been shown to decrease fasting plasma glucose levels. They stabilize endogenous GLP-1 at
physiological concentrations, and induce insulin secretion in a glucose-dependent manner;
therefore, they do not demonstrate any hypoglycemic effects (Flowchart 6.1).
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Available Agents
Sitagliptin

Sitagliptin, the first approved DPP-1V inhibitor exerts its antihyperglycemic effect by slowing
the inactivation of incretin hormones. Concentrations of intact incretin hormones are
increased by sitagliptin, thereby increasing and prolonging the action of these hormones,
which ultimately leads to lowering of blood glucose both in fasting and postprandial state.
Therapeutic application: Sitagliptin is indicated as an adjunct to diet and exercise, to
improve glycemia in T2DM and can be used as:
e Monotherapy
e Initial combination therapy with Metformin
e Combination as dual or triple therapy.
Sitagliptin has been reported to have reduced hypoglycemic effects and reduced weight
gain when compared to SUs. Sitagliptin can also be combined with insulin to reduce the
dose requirement, but this combination is not officially approved by the FDA.

Dosing: Initially as 100 mg once daily with or without food.
o Ifcreatinine clearance is 30-50 mL/min/1.73 m? reduce dosage to 50 mg daily
o Ifcreatinine clearance is less than 30 mL/min/1.73 m? reduce dosage to 25 mg daily.

Adverse effects: Mild gastrointestinal symptoms such as nausea, vomiting, diarrhea and abdo-
minal pain have been reported, but, are not clinically significant. Long-term consequences
of DPP-1V inhibition, especially on immune function are to be borne in mind. There is a small
increased risk of upper respiratory tract infection, urinary tract infection and headache but
the prevalence of these infections appears to be slightly less according to the Cochrane review.
Sitagliptin is associated with skin reactions which include Stevens-Johnson syndrome.

Vildagliptin

This agent has to be administered at a dosage of 50 mg twice a day. It has not been approved
by the FDA for usage in renal failure. However, it has been approved by FDA for use as com-
bination with insulin. It reduces postprandial lipemia and has a favorable effect on the blood
pressure. It is not recommended for use in moderate renal failure.

Saxagliptin

The usual dose of saxagliptin is 2.5 mg or 5 mg once daily, with the 2.5 mg dose recommended
for patients with moderate to severe chronic kidney disease [glomerular filtration rate
(GFR) < 50 mL/min] and for patients taking strong cytochrome P450 3A4/5 inhibitors (e.g.
ketoconazole).

Linagliptin

The usual dose of linagliptin is 5 mg once daily. No dose adjustment is needed in patients
with renal or hepatic impairment. Inducers of CYP3A4 (e.g. rifampin) may decrease the
efficacy of linagliptin. Therefore, patients requiring such drugs should receive an alternative
to linagliptin.
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HYDROXYCHLOROQUINE IN DIABETES

Antimalarials are well-tolerated and safely used therapeutic agents that are commonly utilized
for disorders such as rheumatoid arthritis and systemic lupus erythematosus (SLE). Their
benefit for glycemic control has been observed in patients on these drugs for immunological
disorders. Hypoglycemia is one of the unusual adverse effects of these groups of drugs.
Hydroxychloroquine (HCQ) in particular, was shown to be effective in lowering the HbAlc in
SU refractory patients. The addition HCQ to insulin therapy causes a significant decrease in the
insulin requirements.

The predominant mechanism that is involved is a reduction in insulin metabolism
mediated through direct interaction with the insulin receptor, a reduced rate of dissociation of
insulin from the insulin receptor, prolongation of the half-life of the insulin-receptor complex
and thereby a prolonged insulin action. Other mechanisms of action include an increase in
insulin production through islet cell stimulation and a reduction in hepatic gluconeogenesis.

HCQ has a beneficial effect on lipid metabolism acting by reducing triglycerides, low
density lipoprotein (LDL)-cholesterol, apo-B and increasing the HDL-cholesterol. Moreover a
recently published study from India showed a favorable effect of HCQ at a dose of 400 mg/day
on both glycemic and lipid profile in type 2 diabetes patients who were inadequately controlled
with a combination of SUs and metformin.?

Besides its glucose-lowering effect in patients with diabetes, interestingly HCQ has been
found to be effective in lowering the incidence of new onset diabetes mellitus. A prospective
randomized study on 4,905 patients with RA showed that patients with HCQ had 77% reduction
in the risk of developing diabetes mellitus in those who had taken HCQ for more than 4 years.

Ocular toxicity is one of the less common adverse effects of long term HCQ therapy.
All patients with HCQ should be routinely screened for retinal toxicity, depending on the
cumulative dose and duration of therapy.

SODIUM-GLUCOSE COTRANSPORTER 2 INHIBITORS

The US FDA has approved two medications from a novel class called sodium-glucose
cotransporter 2 (SGLT2) inhibitors for the management of diabetes.

Mechanism of Action of
Sodium-Glucose Cotransporter 2 Inhibitors

The concept behind the action of these drugs is as follows:

Each day, approximately 180 g of glucose is filtered from the glomeruli of a normal
adult individual, and almost all of it is reabsorbed from the glomerular filtrate and returned
to the circulation. This cotransport of glucose along with sodium is brought about by the
active transport of sodium out of the basolateral cells by the Na/K-ATPase pump.* Glucose
is also shifted out of the cell with the concentration gradient and subsequently returned to
the bloodstream by glucose transporters. In T2DM, renal glucose handling and transport is
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increased, likely due to the upregulation of SGLT2. Inhibition of this reduces reabsorption of
filtered glucose and therefore lowers the blood glucose concentration by enhancing glucose
excretion.

Available Agents

Canagliflozin

Canagliflozin became the first SGLT2 inhibitor to be approved by the FDA in 2013. It is
currently indicated as an adjunct to diet and exercise in adults with T2DM. Studies have shown
glycemic control benefits, weight reduction, and systolic blood pressure (SBP) lowering with
monotherapy as well as in combination with other antihyperglycemic agents. Canagliflozin
100 mg and 300 mg have also been shown to significantly decrease fasting plasma glucose
(FPG), weight, and SBP. It is available as 100 mg/300 mg tablets and is prescribed as a once
daily dose.

Dapagliflozin

In January 2014, a second SGLT?2 inhibitor, dapagliflozin, was approved by the FDA. Studies
have shown benefits in glycemic control, weight reduction, and SBP reduction with dapaglif-
lozin monotherapy and in combination with other antihyperglycemic medications. Although
it is currently only approved as monotherapy, dapagliflozin has been studied in combination
with metformin, glimepiride, pioglitazone, and insulin. When added to pioglitazone mono-
therapy, dapagliflozin attenuated pioglitazone-induced weight gain and edema. Dapagliflozin
5 mg and 10 mg, added to insulin therapy with or without other oral antihyperglycemic drugs,
decreased total daily insulin doses by 6 U/day. It is available as 5 mg/10 mg tablets and is
prescribed as a once daily dose.

Empagliflozin

Itis available as 10 mg/25 mg tablets and is prescribed as a once daily dose.

Ipragliflozin

It is available as 50 mg/100 mg tablets and is prescribed as a once daily dose.

Therapeutic Application

The major advantages of this class of drugs is that they are simple nonspecific forms of
therapy which work regardless of B-cell function and further compliments insulin dependent
mechanisms. These drugs have a lower propensity for hypoglycemia, may cause weight loss
and reduction in blood pressure.

However, these drugs are contraindicated in patients with ketonemia, ketonuria and end
stage renal disease.

The reported side effects of these drugs include a slight increased prevalence of genital and
lower urinary tract infections. Polyuria and electrolyte disturbances are also rarely described.
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! BROMOCRIPTINE

The US FDA had approved bromocriptine for the management of diabetes in 2009. It is a
centrally acting antidiabetic agent which if given in the morning would reset the abnormally
elevated sympathetic drive in the hypothalamus in patients with T2DM. This in turn would
result in reducing the hepatic glucose output. It has also shown not only to augment the
release of insulin but also to increase its sensitivity in the peripheral tissues. Addition of
bromocriptine to poorly controlled type 2 diabetic patients treated with diet alone, metformin,
SUs, or thiazolidinediones produces a 0.5-0.7 decrement in HbAlc.

The doses used to treat diabetes (up to 4.8 mg daily) are much lower than those used to treat
Parkinson’s disease, and apart from nausea, the drug is well-tolerated. The novel mechanism
of action, good side effect profile, and its effects to reduce cardiovascular event rates make it an
attractive option for the treatment of type 2 diabetes.

| GUIDELINES FOR INITIATING ORAL ANTIDIABETIC AGENTS

National Institute for Health and Care Excellence Clinical Guidelines for the Management
of Type 2 Diabetes (Flowchart 6.2 and Tables 6.4 to 6.6).

American Diabetes Association: Standards of
Medical Care in Diabetes 2015 (Flowchart 6.3)

e In a subject newly diagnosed with diabetes, the first choice of management is always a
calculated diabetic diet and exercise regimen.

Flowchart 6.2: NICE clinical guidelines for the management of type 2 diabetes.
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Source: www.guidance.nice.org.uk/cg. Issued: May 2009; Modified: December 2014.




I
106

A Practical Guide to Diabetes Mellitus

Table 6.4: Considerations for oral antidiabetic agent (OAD) therapy in subjects with type 2 diabetes

mellitus.
Primary Possible adverse
Drug class mechanism effects Monitoring Remarks
Sulfonylureas |Stimulates insu- | Hypoglycemia |Blood glucose at2 |Response plateaus after half
lin release Weight gain weeks interval, un- | maximum dose
til normoglycemia |Glipizide and glimepiride
achieved may be preferred in elderly
HbAlc at 3 months |patients
interval
Biguanides Inhibits hepatic | Dose related Serum creatinine at | Weight neutral, weight

glucose output

diarrhea (self-
limiting)

Lactic acidosis
in patients with
renal failure

initiation

Blood glucose at

2 weeks interval,
until normo-
glycemia achieved
HbA1lc at 3 months
interval

loss may occur; helps limit
weight gain in combination
therapy

Maximum effective dosage
is2g/d
Contraindications:
Serum creatinine

>1.5 mg/dL (men),

> 1.4 mg/dL (women),
Congestive heart failure
Hepatic disease, alcohol
abuse

a-Glucosidase
inhibitors

Delays carbohy-
drate absorp-
tion to decrease
postprandial
hyperglycemia

Dose-related
diarrhea,
abdominal
pain, flatulence

HbA1lc at 3 months
interval

Administer with first bite of
each meal. Use slow titra-
tion to avoid gastrointestinal
adverse effects (e.g. 25 mg
once daily for 2 weeks; then
25 twice daily for 2 weeks;
then 25 mg three times daily
for 8 weeks; maximum dos-
age is 100 mg three times
daily)

Thiazolidinedi-
ones

Enhances
insulin
sensitivity

edema
Weight gain

AST and ALT at
baseline

Monitor for signs of
fluid overload

Decrease in glucose may
not be apparent for 4 weeks.
Maximum efficacy of dose
may not be observed for 4-6
months

Contraindications:

ALT > 2.5 times the upper
limit of normal,

Hepatic disease, Alcohol
abuse,

NYHA class IIT and IV heart
failure

Glinides

Stimulates
insulin
secretion

Hypoglycemia

Fasting plasma
glucose at 2 weeks
HbA1lc at 3 months
PPG at initiation

Can be given in liver and
renal failure

Contd...
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Contd...
Primary Possible adverse
Drug class mechanism effects Monitoring Remarks
DPP-1V inhibi- | Restores GLP-1 |Upper respira- | Fasting plasma Reduce dosage in patients
tors and GIP levels | tory tract infec- | glucose at 2 weeks |with renal insufficiency
tions especially | HbAlc at 3 months | except linagliptin
with sitagliptin | PPG at initiation No weight gain
Long-term Reduced incidence of hypo-
safety not glycemia
established Interaction with cyto-
chrome P459 inhibitors
(saxagliptin)
SGLT 2 Excessive A slight in- Serum creatinine | Mild reduction weight and
inhibitors urinary glucose | crease in the and electrolytes blood pressure
excretion by risk of genital | before initiations
preventing its and urinary
reabsorption tract infections.
Polyuria

(SGLT2: Sodium glucose cotransporter 2; DPP-IV: Dipeptidyl peptidase 4 inhibitors; GLP-1: Glucagon-
like peptide-1; GIP: Glucose dependent insulin releasing polypeptide; HbAlc: Glycated hemoglobin;
PPG: Postprandial plasma glucose; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;

NYHA: New York Heart Association).

Table 6.5: Guidelines for determining oral antidiabetic agent (OAD) usage.

Determinants First choice OAD Second choice OAD | OAD to be avoided
Body mass index (BMI) Metformin DPP4 inhibitors Glibenclamide
> 25 kg/m? (Indian cardio- SGLT2 inhibitors Glipizide
vascular risk at BMI Glimepiride Thiazolidinediones
> 23 kg/m? or lower)
Waist hip ratio Metformin DPP4 inhibitors Glibenclamide
Male > 0.9 SGLT?2 inhibitors Glipizide
Female > 0.85 Glimepiride
Presence of GI symptoms Sulfonylurea Thiazolidinediones | Acarbose
DPP4 inhibitors

Renal dysfunction Meglitinides Thiazolidinediones | Metformin

Gliclazide DPP4 inhibitors

Glipizide
Economic constraints Glibenclamide Metformin Relative to the company

and agent used

Complications of diabetes Insulin should be

used in severe or

progressive painful

neuropathy/

proliferative retino-

pathy/maculopathy

Source: ADA 2007 Guidelines.

(SGLT2: Sodium glucose cotransporter 2; DPP-IV: Dipeptidyl peptidase 4 inhibitors; GI: Gastrointestinal).
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Table 6.6: Guidelines for oral antidiabetic agent (OAD) therapy.

Upper limit of
serum creatinine
above which OAD
are not indicated
S.No. | OAD group OAD Maximum dose | Frequency | (mg/dL)
1. Biguanide Metformin 3 g/day BD or TID 1.5
2. Glibenclamide | 20 mg/day BD 2.0
Sulfonylureas Glipizide 20 mg/day BD 2.5
Glimepiride 8 mg/day OD/BD 1.5
Gliclazide 320 mg/day BD 2.5
Thiazolidinedione | Pioglitazone 45 mg/day OD 4.0
Meglitinide Repaglinide 4 mg/day TID 4.0
analogs Nateglinide 120 mg/day TID 4.0
5. Alpha-glucosi- Acarbose 200 mg/day BD/TID 1.5
dase inhibitor Miglitol 100 mg/day TID 1.5
Voglibose 0.9 mg/day TID 1.5
6. DPP-1V inhibitors | Sitagliptin 100 mg/day oD 4.0
Vildagliptin 100 mg/day BD —
Saxagliptin 5 mg/day oD 4.0
Linagliptin 5 mg/day oD 4.0
7. Dopamine Bromocriptine | 0.8 mg/day OD Not known
agonists
8. SGLT2 inhibitors | Canagliflozin 100-300 mg/day oD Not known
Dapagliflozin | 5-10 mg/day oD
9. Antimalarial Hydroxychlo- 400 mg/day OD Not known
drugs roquine

(SGLT2: Sodium glucose cotransporter 2; DPP-IV: Dipeptidyl peptidase 4 inhibitors).

e Metformin, if not contraindicated and if tolerated, is the preferred initial pharmacological

agent for type 2 diabetes.

e In patients with newly diagnosed type 2 diabetes and markedly symptomatic and/or
elevated blood glucose levels or HbAlc, to consider initiating insulin therapy (with or

without additional agents).

e If noninsulin monotherapy at maximum tolerated dose does not achieve or maintain the
HbAlc target over 3 months, add a second oral agent, a GLP-1 receptor agonist, or basal

insulin.
¢ Combining therapeutic agents with different modes of action may be advantageous.

e Use insulin sensitizers such as metformin as part of the therapeutic regimen in most

patients unless contraindicated or intolerance to these agents has been demonstrated.
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Flowchart 6.3: Treatment algorithm for oral antidiabetic agents.
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(SGLT2: Sodium glucose cotransporter 2; DPP-IV: Dipeptidyl peptidase 4 inhibitors; TZD: Thiazolidinedione).

o Insulin is the therapy of choice in patients with OAD failure (uncontrolled glycemic
response on a maximum dose of 2-3 OADs, advanced chronic renal disease, end organ
failure and advanced stages of microvascular or macrovascular complications.

e The weight gain associated with thiazolidinediones in some patients may be partly offset
by combination therapy with metformin.

e Assess postprandial glucose periodically to detect unrecognized exaggerated postprandial
glucose excursions even when the HbAlc level is at or near target.
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A patient-centered approach should be used to guide choice of pharmacological agents.
Considerations include efficacy, cost, potential side effects, weight, comorbidities, hypo-
glycemia risk, and patient preferences.

Due to the progressive nature of type 2 diabetes, insulin therapy is eventually indicated for
many patients with type 2 diabetes.
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SELF-ASSESSMENT

A 55-year-old cardiothoracic surgeon with one episode of myocardial infarction is
currently on diet control and exercise for diabetes. He finds it difficult to remember
to take medications and is regular with meals. He has normal renal function. Which
drug from this list, would you utilize in his case?

(a) Glibenclamide (b) Glipizide

(¢) Glimepiride (d) Metformin

(e) Repaglinide

Metformin should be preferably avoided in all of the following conditions except:
(a) Creatinine more than 1.9 mg/dL

(b) Acute hepatitis

(c) TypeIrespiratory failure

(d) Obesity with a body mass index of more than 40 kg/m?

(e) Ketoacidosis

A major side effect of this drug is diarrhea and flatulence:

(a) Pioglitazone (b) Gliclazide

(c) Metformin (d) Acarbose

(e) Lispro

The drug most likely to precipitate prolonged hypoglycemia is:
(a) Chlorpropamide (b) Glibenclamide

(c) Gliclazide (d) Glipizide

The preferred medication that can be continued for better glucose control when a
patient is on insulin is:

(a) Metformin (b) Gliclazide

(c) Acarbose (d) Glibenclamide

(e) Glipizide
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&

10.

11.

12.

13.

14.

Following is true about sulfonylureas except:

(a) Hypoglycemia and weight gain are notable side effects

(b) Risk of hypoglycemia is higher with glibenclamide than glimepiride
(¢) Glimepiride may be used in early renal impairment

(d) Chlorpropamide has a shorter half-life than glipizide

(e) Thereis no impact on the SUR-receptor

Mrs Y is a diabetic for 8 years with mild pedal edema and a creatinine 3.2 g%. Her
SGOT was 600 IU, the oral hypoglycemic agent of choice in this patient is:

(a) Metformin (b) Rosiglitazone
(c) Gliclazide (d) Pioglitazone
(e) Nateglinide (f) None of the Above

In patients with type 2 diabetes mellitus, which of the following drugs act by
improving insulin sensitivity:

(a) Pioglitazone (b) Gliclazide

(c) Acarbose (d) Repaglinide

(e) Nateglinide

The most common adverse effects experienced by patients on Metformin is:

(a) Weight gain (b) Gastrointestinal

(c) Hypoglycemia (d) Renal failure

(e) Hepatic failure

Which of the following are given after meals?

(a) Glibenclamide (b) Metformin

(c) Glimepiride (d) Pioglitazone

Which of the following can be given with a creatinine more than 2.5 mg/dL?
(a) Glibenclamide (b) Metformin

(c) Glimepiride (d) Pioglitazone

(e) Sitagliptin

Which of the following can cause hypoglycemia when used as a single agent?

(a) Glibenclamide (b) Metformin

(¢) Glimepiride (d) Pioglitazone

(e) Sitagliptin

Which of the following is generally a standard multidose formulation, but is also
available as a slow release?

(a) Glibenclamide (b) Metformin

(c) Glimepiride (d) Pioglitazone

(e) Sitagliptin

Which of the following can cause edema which may or may not be due to volume
overload?

(a) Glibenclamide (b) Metformin

(¢) Glimepiride (d) Pioglitazone

(e) Sitagliptin
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15.

16.

17.

18.

19.

20.

Which of the following represent the maximum dosage of the drug per day? (Some
may be too little, some too much)

(a) Glibenclamide 10 mg (b) Metformin4g

(c) Glimepiride 20 mg (d) Pioglitazone 45 mg

(e) Sitagliptin 200 mg

Which of the following have been reported to cause a slight increase in URI
symptoms?

(a) Glibenclamide (b) Metformin

(c) Glimepiride (d) Pioglitazone

(e) Sitagliptin

Which of the following can cause Vitamin B12 deficiency particularly in the elderly?

(a) Glibenclamide (b) Metformin

(c) Glimepiride (d) Pioglitazone

(e) Sitagliptin (f) None of the above

Which of the following must always be given more than 20 minutes before meals?
(a) Glibenclamide (b) Metformin

(¢) Glimepiride (d) Pioglitazone

(e) Sitagliptin

Which of the following is generally never given more than a once-daily basis?
(a) Glibenclamide (b) Metformin

(c) Glimepiride (d) Pioglitazone

(e) Sitagliptin

Which of the following has an effect on AMP-Kinase?

(a) Glibenclamide (b) Metformin

(c) Glimepiride (d) Pioglitazone

(e) Sitagliptin
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“Fifty-one AAs it’s something that works,
Modify B-29, the shorter it lurks,
Exenatide it’s not from a wizard,

But from the saliva of a desert lizard.”

Insulin is an anabolic hormone promoting protein synthesis, fat storage, entry of glucose into cells for energy
use, and glycogen storage in muscle and liver cells. Insulin is an absolute requirement for type 1 diabetes and
is used to prevent long-term complications of diabetes. It may be required in those with type 2 diabetes if
other forms of therapy do not adequately control glucose levels. It is also used in gestational diabetes for those
who have inadequate glucose control on diet alone. Glucagon-like peptide-1 (GLP-1) analogs like exenatide
are now available and may play an adjunctive role and also serve as an alternative therapy to insulin therapy.

PATHOPHYSIOLOGY AND THE BASIS FOR
INSULIN REPLACEMENT REGIMENS

Insulin secretion following a meal occurs in two phases: Phase 1 lasts about 10 minutes
and is involved in suppression of the hepatic glucose production. Phase 1 also facilitates a
phase 2 release which lasts 2 hours and manages the rise in blood glucose produced by the
carbohydrates in the meal. A low basal secretion of insulin is present between meals that meet
ongoing metabolic demands. The physiology of insulin secretory pattern forms the basis for
insulin therapy. With rising blood glucose levels, the 3 cells respond in a linear fashion by
secreting insulin. When f cells are exposed to high glucose concentrations over a prolonged
period of time as in diabetes, there is a blunting in the  cell response. This is referred to as
glucose toxicity.

The pathology in type 2 diabetes is that the phase 1 insulin response is absent and phase 2
release is delayed and insufficient. Initially there is an increased secretion of insulin to
compensate for the insulin resistance but with progression of the disease, the p cells tire out
and insulin secretion is decreased (Fig. 7.1A).

Amongst all the available antidiabetic agents, insulin provides superior reductions in
glycated hemoglobin (HbA1c) as demonstrated by Figure 7.1B.
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Fig. 7.1A: Ideal insulin replacement pattern.
Source: Hirsch IB. Insulin analogues. N Engl J Med. 2005;352:174-83.
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Fig. 7.1B: Insulin delivers superior glucose reductions versus other agents.

Source: American Association of Clinical Endocrinologists. AACE medical guidelines for the management
of diabetes mellitus. Endocr Pract. 2000;6(1):43-84.

(HbA1c: Glycated hemoglobin; SUs: Sulfonylureas; TZDs: Thiazolidinediones).

HISTORY

In 1921 Banting, an orthopedic surgeon along with best hypothesized that ligation of the
pancreatic ducts before extraction of the pancreas, destroys the enzyme-secreting parts,
whereas the islets of Langerhans, which were believed to produce an internal secretion
regulating glucose metabolism, remained intact. Their experiments produced an extract of
pancreas that reduced the hyperglycemia and glycosuria in dogs made diabetic by the removal
of their pancreas. The method of extraction from the entire pancreas without the need for
duct ligation was introduced by them. Following this, many milestones were set in the path
of insulin discovery. Beef insulin was the first commercially available preparation followed by
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porcine. Recombinant DNA technique was employed in the preparation of human insulin. In
1926, John Jacob Abel (1857-1938) of Johns Hopkins University prepared the first crystalline
insulin. In the mid-1950s the molecular structure of insulin was determined by Frederick
Sanger (1918-1982), for which he received a Nobel Prize for Chemistry in 1958. He received
a second Nobel Prize in 1980 for determining base sequences of nucleic acids. With genetic
engineering it is now possible not only to make insulin in unlimited quantities, but to produce
human insulin rather than to use the slightly different insulin of other species.

SOURCES OF INSULIN

Main sources of insulin are from beef, pork, human (recombinant).

Bovine insulin differs from human insulin by three amino acids (AA) and porcine insulin
by only one AA. Conversion of a patient on insulin injection from animal source to human
insulin may require dosage adjustment because of the shorter duration of action and lower
antigenicity.

CLASSIFICATION OF INSULIN

These include meal time (bolus) and basal insulin. Mealtime insulins are rapidly acting
analogs or short acting regular human insulin. These insulins have been used in an attempt
to stimulate the high levels of insulin seen in individuals without diabetes after ingestion of
a meal. The basal insulins are the intermediate and long acting human insulins and analogs
(Fig. 7.2 and Table 7.1). They simulate the basal level of insulin occurring between meals,
through the night and with fasting. Classification is primarily based upon the duration of
action.

Basal Insulins

o Neutral protamine Hagedorn (NPH)
o Isophane insulin
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Fig. 7.2: Profiles of human insulins and analogs.
Source: Hirsch IB. Insulin analogues. N Engl J Med. 2005;352:174-83.
(NPH: Neutral protamine Hagedorn).
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Table 7.1: Classification of insulin.

Peak Usual effective Usual maximum
Insulin Onset (hours) duration (hours) duration (hours)
Bolus or mealtime insulin
Aspart 5-10 minutes 1-3 3-5 4-6
Lispro < 15 minutes 0.5-1.5 2-4 4-6
Regular 30-60 minutes 2-3 3-6 6-10
Basal insulin
NPH 2-4 hours 4-10 10-16 14-18
Lente (insulin zinc 3-4 hours 4-12 12-18 16-20
suspension)
Detemir 2-3 hours No peak 24 24
Glargine 1 hour No peak 24 24
Combinations
50% NPH/50% regular | 30-60 minutes Dual 10-16 14-18
70% NPH/30% regular | 30-60 minutes Dual 10-16 14-18
75% NPL/25% lispro < 15 minutes Dual 10-16 14-18
70% APS/30% aspart 10-20 minutes 2.4+0.80 24 24

(NPH: Neutral protamine Hagedorn; NPL: Neutral protamine lispro; APS: Aspart protamine suspension).

o Ultralente (extended insulin zinc suspension)
o Insulin analogs: Detemir, glargine.

Bolus or Mealtime Insulins

e Regular insulin
e Analog forms: Aspart, lispro and glulisine.

Premixed Insulin

Premixed preparations of short and intermediate acting insulins are available in a wide range
of ratios. The most commonly used premixed insulin is 30/70 which contains 30% short acting
and 70% intermediate acting insulins. The use of premixed insulin prevents the potential
problems of self-mixing and reduces the number of steps before injection. However, premixed
insulin does not permit easy adjustment of mealtime and basal insulins.

Premixed formulations incorporate NPH and regular insulin or rapid-acting analogs.

INDICATIONS FOR INSULIN THERAPY

o Type 1diabetes

e Type 2 diabetes who have failed to achieve glycemic goals with the maximal dose of oral
antidiabetic drugs (OADs). (Metformin 2,500-3,000 mg per day + Glipizide 20 mg/gliben-
clamide 15-20 mg/gliclazide 320 mg/glimepiride 6-8 mg/day + pioglitazone 45 mg/day)
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o Gestational diabetes

e Individuals with type 2 diabetes, during periods of physiological stress such as surgery,
infection, acute illness. (OADs are to be continued simultaneously but metformin is to
be stopped in case of severe infections or impending reduction in renal perfusion)

e Progressive complications threatening organ functions—proliferative retinopathy,
maculopathy, severe neuropathy

o Diabetes ketoacidosis/hyperosmolar hyperglycemic nonketotic coma

o Secondary diabetes (pancreatitis, corticosteroids)

e Chronic renal failure (for all above a creatinine above 4.0 mg/dL. Cutoffs for other OADs
are as follows—Metformin: 1.5 mg/dL, glimepiride/glibenclamide: 2.0 mg/dL, glipizide:
2.5 mg/dL, pioglitazone: 4.0 mg/dL)

e Use of parenteral nutrition or high calorie supplements

e Weight loss of more than 10% body weight or body mass index (BMI) < 19 kg/m?.

THERAPEUTIC REGIMENS

An ideal insulin therapy regimen mimics normal physiological insulin release. The degree of
hyperglycemia, associated comorbidity, affordability of the patient and patient adherence
to guidelines during therapy need to be given due consideration during initiation of therapy
(Figs. 7.3A and B).

Augmentation Therapy

An augmentation therapy is used when the patient has failed to achieve glycemic goals on
oral medications. Its need arises in situations of residual but insufficient  cell function.

It is usually provided as basal insulin as bedtime NPH, twice daily NPH, once daily ultralente
or once daily glargine. The dose adjustment is so as to maintain fasting plasma glucose levels
between 90 mg/dL and 130 mg/dL.

Augmentation can also be with mealtime insulin as regular insulin, aspart or lispro.
Doses are adjusted so as to keep 2 hours postprandial blood glucose levels below 180 mg/dL.

Replacement Therapy

Replacement therapy is used when patients need intensive control or in those who have
failed augmentation therapy. This therapy involves providing both basal and bolus insulin.
A convenient regimen involves use of NPH and regular insulin before breakfast and then
before dinner. This needs the patient to strictly follow mealtimes to avoid hypoglycemia.
Premixed formulations are convenient for the patient to use but may not meet individual
patient requirements as effective as split mixed regimens do.

Use of four injections a day of basal-bolus regimen mimics normal physiology in a better
way. It has the advantage of providing a more flexible regimen to patients who find it difficult
to adhere to specific mealtimes. Such regimens include NPH and regular insulin, NPH with
aspart or lispro, or glargine with aspart or lispro.

Short-term rescue therapy for glucose toxicity also involves a basal-bolus regimen.
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Figs. 7.3A and B: (A) Augmentation using short acting (regular) insulin; (B) Basal augmentation using
intermediate acting insulin at bedtime only.

Source: Hirsch IB. Insulin analogues. N Engl J Med. 2005;352:174-83.

(NPH: Neutral protamine Hagedorn).

Bolus insulin without basal insulin also commonly known as sliding scale therapy is

used very commonly in hospital settings. This is associated with poor glycemic control.
This does not mimic normal physiological insulin release and its use must be discouraged
(Figs. 7.4A and B).

Dosing

The starting dose for augmentation therapy is 0.15 units/kg/day

The starting dose for replacement therapy is 0.5 units/kg/day

Increments can be made as needed

About 50-60% of total daily insulin requirement should be basal and about 40-50% should
be bolus insulin

Adjustments should be made to correct the fasting glucose levels first followed by
preprandial and then postprandial

Dose adjustments should also take into consideration the estimated requirement for
the anticipated meal and patient’s exercise schedule.
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Figs. 7.4A and B: (A) Basal-bolus therapy using split-mixed regimen and bedtime intermediate insulin; (B)
Basal-bolus therapy using glargine and aspart or lispro.

Source: Hirsch IB. Insulin analogues. N Engl J Med. 2005;352:174-83.

(NPH: Neutral protamine Hagedorn).

| ORAL MEDICATIONS PLUS INSULIN

The synergistic effect of OAD medications with insulin may allow the insulin dose to be reduced
by up to 50%.

Metformin with insulin decreases weight gain, hypoglycemia, and diabetes-related end
points. Metformin does not need dose adjustments when administered with insulin. Metformin
is best continued when renal function is normal.

Thiazolidinedione drugs administered with insulin can decrease the total insulin dose up
to 50%, but this may cause edema and is contraindicated in patients with congestive heart
failure. Weight gain with thiazolidinediones is accentuated with insulin usage.

Glimepirides when used in doses of 2-4 mg/day have a peripheral glucose transporter
type 4 (GLUT-4) like activity reducing insulin requirement by 10-20%.

Endogenous insulin release can be stimulated with meglitinides (phase 1) or sulfonylureas
(phase 2).
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Coadministration of insulin with sulfonylureas may lower HbAlc levels and reduce
the total daily insulin requirement if some beta-cell function remains. Sulfonylureas are absor-
bed better if glucose levels have been normalized with insulin.

When starting insulin in a type 2 diabetes patient who has failed to achieve glycemic
goals with the maximum goals of OAD consider the following:

e Continue OAD

o Insulin starting dose at around 0.2 U/kg/day, morning two-thirds and evening one-third
e Reassess control with self-monitoring of blood glucose (SMBG) and titrate dosage

e Consider short acting premeal bolus in case of uncontrolled postprandial blood sugars

o Consider withdrawing sulfonylureas.

INSULIN ANALOGS

Standard insulins used in the treatment of diabetes mellitus frequently lead to hypoglycemia
as HbAlc values approach the normal range. These added to the limitations in the pharma-
cokinetic and pharmacodynamics of standard insulins has led to renewed interest in produc-
ing safer insulin formulations that more closely duplicate the basal and mealtime components
of endogenous insulin secretion. Insulin analogs are characterized by action profiles that
afford more flexible treatment regimens with a lower risk of hypoglycemia.

Standard Insulin versus Insulin Analogs

In individuals without diabetes, insulin secretion can be divided into two basic components: (1)
basal and (2) stimulated. Basal insulin is secreted continuously between meals and throughout
the night at a rate of 0.5-1 U/hr in adults. Basal insulin secretion provides serum concentrations
of 5-15 pU/mL. The low basal concentration reduces hepatic glucose production but allows
for glucose levels sufficient for cerebral energy production. In diabetic patients, treatment
with intermediate-acting or long-acting insulin attempts to mimic the basal secretory pattern
(Fig. 7.5).

Normally, stimulated insulin secretion occurs in response to a meal and results in insulin
concentrations of 60-80 pU/mL from just before to 30 minutes after the meal. Concentrations
return to basal levels in 2-4 hours. Regimens of regular insulin attempt to mimic the stimula-
ted insulin secretory pattern.

Problems with Regular Insulin

Regular human insulin has a strong affinity for self-association. Thus, the hexamer is the
most prevalent form in a solution of regular human insulin. The rate-limiting step in the
absorption of regular insulin is dissociation to the monomeric form.

The pharmacokinetic profile of regular human insulin presents several problems for
patients who use insulin. First, timing of the meal and the injection is difficult because of the
lag before onset of action. Second, glucose concentrations rise rapidly after meals, whereas
insulin concentrations may not peak for 3 hours (4 hours with animal insulins). Peak
concentrations for intermediate-acting human insulins occur within 4-10 hours for NPH



I
L
Parenteral Therapeutic Agents 121

Breakfosd  Lusch Deinrugs Bl ey Evisiied
| | 1 |

* v v r

z

i

N
JU\ ?\\f\};—:

T AM " 3 M

=
L=

Sfeum nsuhn
conchriratian (plimd )

Fig. 7.5: Normal insulin secretion. In the stimulated phase, serum insulin levels increase from within a few
minutes before to 30 minutes after a meal. Return to basal level occurs within 2 hours.

Source: Galloway JA, Chance RE. Improving insulin therapy: achievements and challenges. Horm Metab
Res. 1994;26(12):591-8.

insulin and 4-12 hours for lente insulin (Figs. 7.6A and B). Human NPH insulin has an effective
duration of action of 10-16 hours; lente insulin, 12-18 hours; and human ultralente insulin,
18-20 hours. Human ultralente insulin may be used as basal insulin, although two daily
injections may be needed.

TYPES OF INSULIN ANALOGS

Rapidly-acting Analogs

The relatively slow absorption of regular insulin is attributed to the fact that when zinc atoms
are added to the solution of dimers that make up regular insulin, the molecules associate
to form hexamers. These larger hexamers diffuse slowly into the circulation but, insulin
analogs form insulin monomers which are absorbed more rapidly.

Insulin Lispro

Insulin lispro is formed by the inversion of the lysine B29 and proline B28 of human insulin
and this conformational change results in shift in the normal binding of the c-terminal portion
of B-chain, which in turn reduces the formation of dimers and hexamers. Insulin lispro
differs from regular insulin by virtue of its capacity to dissociate rapidly into monomers in the
subcutaneous tissue. Insulin lispro is absorbed much more rapidly than regular insulin, and
begins acting in 15 minutes, reaches peak biological activity in 60-90 minutes and continues
to act for 4-5 hours. Lispro provides more flexibility for patients at mealtimes because it
does not need to be administered 30 minutes before a meal and the doses can be readily
adjusted depending on the carbohydrate content of the meal.
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Figs. 7.6A and B: Mean serum concentration-time profile of insulin detemir and NPH insulin by age-
group—(A) Insulin detemir; (B) NPH insulin.

Source: Danne T, Lipke K, Walte K, Von Schuetz W, Gall MA. Insulin detemir is characterized by a consist-
ent pharmacokinetic profile across age-groups in children, adolescents, and adults with type 1 diabetes.

Diabetes Care. 2003;26:3087-92.

Insulin Aspart

Insulin aspart is formed by the substitution of aspartate in position 28 of the B-chain instead
of proline (Fig. 7.7). Insulin aspart has closely resembles insulin lispro in its pharmacokinetic
properties by virtue of its very rapid onset of action and absorption after subcutaneous

administration.

Insulin Glulisine

Insulin glulisine is a rapid-acting insulin analog that differs from human insulin in that the
amino acid asparagine at position B3 is replaced by lysine and the lysine in position B29 is
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Fig. 7.7: Structure of rapid acting insulin analogs.
Source: Owens DR. Review: Insulin glulisine—the potential for improved glycemic control. Br J Diabetes
Vasc Dis. 2007;7(2):60-6.

replaced by glutamic acid. Chemically, it is 3B-lysine-29B-glutamic acid-human insulin. When
injected subcutaneously, it appears in the blood earlier and at higher concentrations than
human insulin. When used as mealtime insulin, the dose should be given within 15 minutes
before a meal or within 20 minutes after starting a meal.

Long-acting Analogs
Insulin glargine

The first of the long-acting insulin analogs, insulin glargine, was introduced in the United
States in 2001. This analog is produced by the substitution of glycine for asparagine at position
A21 of the insulin molecule and by the addition of two arginine molecules at position B30
(Fig. 7.8A). These changes lead to a shift in the isoelectric point toward a neutral pH, which
results in an insulin molecule that is less soluble at the injection site and that precipitates
in the subcutaneous tissue to form a depot from which insulin is slowly released. Because of
its slower absorption, there is no pronounced insulin peak with glargine thereby decreasing
the risk of nocturnal hypoglycemia.

Insulin Detemir

Detemir is another long-acting insulin analog that was developed using a different approach—
binding to albumin. An aliphatic fatty acid has been acylated to the B20 amino acid, and the
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Figs. 7.8A and B: Structure of long acting insulin analogs—(A) Insulin glargine; (B) Insulin detemir.
Source: White JR. Insulin analogs: what are the clinical implications of structural differences? US Pharm.
2010;35(5):3-7.

B30 amino acid has been removed (Fig. 7.8B). This results in reversible binding between
albumin and the fatty acid acylated to the insulin. After injection, 98% of the insulin is bound
to albumin. Gradual release of the bound fraction from the albumin allows for the sustained,
prolonged action of detemir.

The property of less variability in absorption is associated with a reduced risk of hypo-
glycemia and also less weight gain. Insulin detemir when compared to insulin glargine
appears to have a shorter time action profile, which may necessitate twice daily injections
in individuals with type 1 diabetes.

Insulin Degludec

The molecular structure of degludec retains the human insulin amino acid sequence, but for
the deletion of threonine in the B30 position of the chain, and the addition of a 16-carbon
fatty diacid attached to lysine in the B29 position via a glutamic acid spacer. Insulin degludec
forms a soluble multihexamer at the injection site and is slowly released as insulin monomers,
thus prolonging the duration of action. It also binds to albumin thereby causing a slow and
stable release of monomers (Fig. 7.9).

The clinical pharmacology, in particular the pharmacokinetics are usually studied using
a hyperinsulinemic euglycemic pancreatic clamp. The principle of the clamp is to clamp the
endogenous production of hormones from the pancreas and supplement hormones from
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outside so as to ascertain the level of glucose needed to achieve euglycemic state during
steady state. The glucose infusion thus needed for maintaining euglycemia, after administering
fixed levels of the extrinsic insulin, would be then used to ascertain the levels of the extrinsic
insulin during various time periods of the study.

Degludec, on account of a smooth and stable pharmacokinetic profile at a steady state,
causes less within-subject variability. As discussed earlier a drug that shows a longer duration
of action and lower inter-subject variation is the need of the hour. Degludec seems to score
better than glargine on this front.

A study, to compare efficacy of degludec and glargine was conducted amongst 177 type 1
diabetic subjects, by regimens of either degludec or glargine and both in combination
with aspart. Those subjects between the age of 18 and 75, having type 1 diabetes for at least
12 months and on continuous treatment with insulin (any regimen) for at least 6 months
were included. They were to have an HbAlc between 7% and 11%, and daily insulin dose was
to be below 120 IU for inclusion in the study. No restriction was placed on the BMI for inclusion
in the study. These subjects were divided into two groups: (1) Insulin degludec, and (2) one
group was receiving glargine. The primary objective of the study was to assess glucose con-
trol with respect to HbAlc after 16 weeks of treatment. Secondary objectives were to compare
efficacy and safety after 16 weeks of treatment in terms of frequency of hypoglycemic episodes
and body weight.

The study showed that degludec was safe and well tolerated. There was a difference in rate
of hypoglycemia (RR = 0.72), in particular with regards to confirmed nocturnal hypoglycemic
attacks (RR = 0.42) in the two groups in favor of degludec. However there was no difference
in HbAlc, fasting plasma glucose (FPG) or mean daily dose of insulin seen in the two groups,
implying that degludec was as efficacious as glargine with regard to these parameters. The
body weight was also maintained over the 16 weeks period.
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A multicentric trial among type 2 diabetes mellitus patients was done to compare once
daily glargine with once daily or thrice weekly degludec. 236 subjects in between 18 and
75 years of age, having at least 3 months duration of type 2 diabetes mellitus were included in
the study. Only those who were on up to two OADs for at least 2 months were included in the
study. Those who were on thiazolidines or insulins were excluded from the study. Only those
with BMI between 23 and 42 and HbAlc between 7% and 11% were included in the study.
The subjects were divided into three groups with one group on once daily 10 U degludec, one
group on thrice weekly 20 U degludec insulin, and the third group on once daily 10 U glargine
concentrations. They were then followed-up for a period of 6 weeks and HbAlc, hypoglycemic
attacks, body weight and BMI over this period and the data was compared amongst the groups.

The study found no significant differences in the rate of confirmed hypoglycemic events,
amongst once daily or thrice weekly degludec as compared to glargine. The efficacy outcome
measures, including mean weekly insulin dose was similar across all the groups. Thus it is
thought that with half the injections weekly, similar glucose control and lesser hypoglycemias
could be obtained with degludec as compared to glargine.

Insulin Degludec Plus

Degludec plus (IDegAsp) is a combination of degludec and aspart in a 70:30 formulation.
Studies have been done to compare degludec plus and other alternative formulations (AF)
of degludec aspart (55:45) with glargine (IGlar) in type 2 diabetes mellitus, all in combination
with metformin. Insulin was administered before the evening meal and dose-titrated to a
fasting plasma glucose target of 4.0-6.0 mmol/L. After 16 weeks, mean HbAlc decreased in
all groups to comparable levels. Mean 2 hours postdinner plasma glucose increase was lower
for IDegAsp and AF than IGlar, whereas mean FPG was similar. Hypoglycemia rates were lower
for IDegAsp and IGlar than AE Nocturnal hypoglycemic events occurred rarely for IDegAsp
and IGlar compared with AE Thus no significant difference in HbAlc and FPG seen between
the three groups. However those on IDegAsp had a mean decrease in postprandial sugar
of 27 mg/dL as compared to those on glargine. The daily mean insulin dose was also lesser by
7 U/kg in the former as compared to the latter.

GLUCAGON LIKE PEPTIDE-1 ANALOGS

Type 2 diabetes results from two impairments: a relative insulin deficiency and insulin resis-
tance. Insulin secretagogues are used in early stages of type 2 diabetes, when B-cell function
is still viable. Although patients with type 2 diabetes may have high fasting insulin levels,
they also have a blunted first-phase insulin response to a glycemic challenge. This blunting
of first-phase insulin release results in prolonged postprandial hyperglycemia. Earlier agents
(sulfonylureas), which were utilized to target this defect, increased overall insulin concent-
rations but often failed to improve first-phase insulin release.

Incretin Effect

Glucagon-like peptide is a gut hormone that stimulates insulin secretion, gene expression,
and beta-cell growth. Together with the related hormone, glucose-dependent insulinotropic
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Fig. 7.10: Amino acid sequences in Exendin-4 and glucagon-like peptide (GLP). Exendin-4 has partial
sequence identity with GLP-1. Exendin-4 and GLP-1 are products from distinct genes in the Gila monster.

polypeptide (GIP), it is responsible for the incretin effect, the augmentation of insulin secretion
after oral as opposed to intravenous (IV) administration of glucose.

Incretin effect is the ratio between the integrated insulin response to oral glucose and
an isoglycemic IV glucose infusion. Incretin effect for oral glucose is approximately 20-60%.
Total incretin quantity as well as incretin effect is decreased in patients with diabetes.

The two most important incretin hormones are GIP, formerly known as gastric inhibitory
polypeptide, and GLP-1. Both are potent insulinotropic hormones released by oral glucose
as well as ingestion of mixed meals. (See Chapter 1 for detailed information on GLP-1 and its

physiology).

Exenatide

Exenatide is a GLP-1 mimetic, a synthetic form of the naturally occurring reptilian hormone
exendin-4. Exendin-4 is a naturally occurring component in the saliva of the Gila monster
(Heloderma suspectum). It has 53% homology with mammalian GLP-1. It is resistant to
dipeptidyl peptidase IV (DPP-IV) because of a key difference in amino acid sequence: glycine
at position two. Exendin-4 may enhance satiety and weight loss through slowed gastric
emptying, as well as through centrally mediated mechanisms. Exendin-4 has been found
to bind receptors in the hypothalamus and thalamus in a pattern identical to that for GLP-1
(Fig. 7.10).

Exenatide may exert either a direct or an indirect effect on B-cell mass. Indirectly,
exenatide may act by reducing hyperglycemia, which is known to cause 3-cell dysfunction and
interfere with neogenesis. However, even normoglycemic rats have shown -cell neogenesis
in response to exenatide. Additionally, exenatide’s effects on B-cell mass may simply result
from the nonspecific growth factor effect of the augmented insulin supply itself. On the other
hand, a direct effect on 3-cell mass may also be inferred from GLP-1R knockout mice, which
display deficient B-cells. Furthermore, the GLP-1R was found in pancreatic ducts, a presumed
site of origin for B-cell precursors, and in animal models treated with exenatide, neogenesis
appeared to be derived from these precursors. In vitro, exenatide stimulated islet progenitor
cells and pancreatic tumor cells to differentiate into insulin-producing cells.

GLP-1-based therapy is a novel and complementary approach to diabetes management
for several reasons. It is the first insulin secretagogue that does not cause hypoglycemia. It
does not cause the weight gain that may be seen with insulin or sulfonylureas and may in
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fact facilitate weight loss. It may be used as a bridge to insulin therapy or to reduce insulin
requirements of insulin-resistant patients in order to avoid weight gain. Although it has not
been studied in patients with renal or hepatic insufficiency, its safety profile may make it the
preferred agent in these patients. GLP-1 is also unique in that it has been shown to reduce
the inappropriate rise in glucagon. It may also promote 3-cell rescue and theoretically halt
diabetes progression, although this has not been formally examined in humans.

Dosage

e Adult minimum: 10 pg/day
e Adult maximum: 20 pg/day.

Common Dosage in Practice

e Inject 0.02-0.04 mL (5-10 pg) by subcutaneous route, two times a day before morning and
evening meals

o Exenatide is provided in a single-dose tray containing one vial of 2 mg exenatide, one vial
connector, one prefilled diluent syringe and two needles. It must be injected immediately
after the solution is prepared and transferred to the syringe. The injection can be given in
the abdomen, thigh or upper arm region. Patients should change the injection site each
week when injecting in the same region.

Adverse Effects

e Most frequent: Diarrhea, hypoglycemia, nausea, and vomiting

e Less frequent: Anorexia, dizziness, dyspepsia, gastroesophageal reflux, general weakness,
headache, hyperhidrosis, nervousness

e Rare: Abdominal swelling, acute abdominal pain, acute pancreatitis, anaphylaxis,
angioedema, constipation, drowsy, dysgeusia, eructation, flatulence, pancreatitis, pruritus
of skin, renal failure, urticaria.

Drug Safety

o Pediatric: Safety and efficacy in pediatrics has not been established
e Lactation: Use caution, mouse studies suggest excretion occurs, no human data available
e Pregnancy: Only when necessary.

Drug-Disease Contraindications

o Significant: Gastroparesis, pancreatitis, severe renal disease
e Possibly significant: Alcoholism, biliary calculus.

Liraglutide

Another GLP-1 analog, liraglutide (NN2211) 97% homologous to native GLP-1 has been
designed to overcome both the effects of DPP-IV degradation and the short plasma survival
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time. Acylation with a fatty acid chain in liraglutide promotes binding to albumin, thereby
reducing access to the NH,-terminal by DPP-IV and allowing the molecule to escape renal
filtration. Combined with delayed absorption from the injection site, this results in a stable
analog with a plasma elimination half-life of around 12 hours in humans, giving a pharmaco-
dynamic profile suitable for once-daily dosing. Studies in type 2 diabetic patients indicated
that 1-week treatment with once-daily liraglutide significantly reduces 24 hours glucose con-
centrations and improves [3-cell function compared with placebo, and the beneficial effects
appear to be maintained, with patients showing significant improvements in glycemic control
and a trend toward weight reduction after 12 weeks, as compared with sulfonylurea treatment.

Not only has liraglutide been shown to be more effective than exenatide, there are other
advantages:

o Less upper gastrointestinal intolerance (8%) to start with, this may reduce further in about
2 weeks

¢ Can be given any time during the day

e Lower tendency to form neutralizing antibodies to its structure when compared to
exenatide.

The physiological impact on weight reduction is less related to it is impact on slowing
of gastric emptying and more related to a hypothalamic effect in contrast to exenatide.

The specific safety concerns that are harbored in connection with liraglutide are:

1. Potential C-cell hyperplasia of the thyroid gland is a concern, since it has been seen
in animal models who have been administered liraglutide. The worry would be the possi-
bility of some of the patients developing medullary thyroid carcinoma. However, the rat
model that has been studied has a much greater concentration of C-cells at baseline when
compared to human beings which would make the chances of this complication much
lower. Hitherto, no direct case of medullary thyroid carcinoma has been reported as being
due to liraglutide. As a precautionary measure, liraglutide is contradicted in any patient
who has an underlying thyroid nodule or thyroid malignancy.

2. Acute pancreatitis has been reported in a small number of patients on liraglutide, so
also with exenatide. It has been argued that this has been more common in those with
abnormal lipid profiles and that the medication has been used in those who are more
obese. The US Food and Drug Administration (FDA) has placed a black box indicator as a
warning against pancreatitis in subjects who wish to use liraglutide.

Liraglutide has been shown to be effective in a dosage of 0.6 mg a day. This can be gradually
escalated in 1 or 2 weeks to 1.2 mg a day. Doses of 1.8 mg have also been tried but by and
large not shown to be superior. Studies have now shown that liraglutide is effective when
combined with insulin in type 1 diabetes and also in combination with detemir.

AMYLIN ANALOGS

Pramlintide

Pramlintide, an amylin analog, is an agent that reduces glucagon secretion, slows gastric
emptying and improves satiety. It is a US FDA-approved therapy for use in type 1 and type 2
diabetes. It has been shown to induce weight loss and lower insulin dose; however, it is only
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Flowchart 7.1: Algorithm for insulin therapy in type 2 diabetes.
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(HbA1c: Glycated hemoglobin; FPG: Fasting plasma glucose; BMI: Body mass index; NPH: Neutral pro-
tamine Hagedorn; OAD: Oral antidiabetic drug; DKA: Diabetic ketoacidosis; Sr Creat: Serum creatinine).

indicated in adults. Concurrent reduction of prandial insulin dosing is required to reduce
the risk of severe hypoglycemia. Gastrointestinal side effects, frequent dosing and cost are
its major limitations.
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In patients with type 1 diabetes mellitus, itis initiated at a dose of 15 pg prior to major meals.
It is administered subcutaneously and increased in the dose of 15 pg everyday if tolerated well.
It has been shown to reduce prandial insulin requirement by 50%. A maintenance dose of
30-60 pg subcutaneously per meal is recommended.

In patients with type 2 diabetes mellitus it is initiated at a dose of 60 pg prior to major
meals. It is administered subcutaneously and increased to a dose of 120 pg per meal over
3-7 days. A maintenance dose of 60-120 pg per meal is recommended in these individuals.
No renal dose adjustment is required for this drug.

An algorithm for Insulin therapy in Type 2 Diabetes is amended in Flowchart 7.1.
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SELF-ASSESSMENT

1. A55-year-old, Mr R who is a known patient with type 2 diabetes for 15 years presen-
ted with a history of inability to sleep at night due to persistent pricking sensation of
both his feet. On examination his feet were normal, monofilament recorded 10 grams
in both feet and biothesiometer read 40 volts bilaterally. Both fundi showed severe
nonproliferative diabetic retinopathy (NPDR). Systemic examination was normal.
He has been on glibenclamide, metformin 1 g TID. His HbAlc was >12%. All of the
following are true except:

(a) Peripheral neuropathy is an indication to start him on insulin

(b) Bestoption is to add another oral hypoglycemic agent for better control of sugars
(c) MCR footwear should be ideally prescribed for his neuropathy

(d) He would require long-term insulin therapy

(e) Severe NPDRis an indication for insulin therapy.

2. The usual dose of insulin in augmentation therapy is:

(a) 0.15 units/kg/dose (b) 0.35 units/kg/dose
(c) 0.50 units/kg/dose (d) 0.05 units/kg/dose.
3. All of the following are indications to initiate insulin therapy early, except:
(a) MODY (b) LADA
(c) Gestational diabetes (d) Fibrocalcific pancreatitis

(e) Secondary OAD failure.
4. All of the following are true about insulin analogs except:
(a) There is no pronounced insulin peak with insulin glargine
(b) They are superior to human insulin in preventing complications of diabetes
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10.

(c) Insulin lispro is safe in pregnancy
(d) Insulin detemir may be administered as twice daily injections in type 1 diabetes
(e) Rapidly acting analogs are superior to regular insulin in lowering postprandial

sugars.
Which of the following is not a short-acting insulin?
(a) Lispro (b) Detemir
(c) Aspart (d) Glulysine

(e) Actrapid.

Which of the following is associated with weight gain?

(a) Exenatide (b) Regular insulin

(c) Detemir (d) Liraglutide.

Which of the following OAD should be ideally stopped while starting a patient on
insulin?

(a) Metformin (b) Glimepiride

(c) Pioglitazone (d) Acarbose.

Which of these drugs can be used in a patient with diabetic nephropathy in renal
failure (Creatinine: 4.3 mg/dL)?

(a) Glibenclamide (b) Metformin

(c) Insulin (d) Aminoglycoside

(e) Detemir

A 16-year-old girl presents with osmotic symptoms, BMI 32 kg/m? Acanthosis
nigricans is present. History of polycystic ovary disease is present. RBS—340, urine
ketone—1+. Both parents have diabetes. Which of the following is true regarding
this patient’s immediate management?

(a) She has type 1diabetes, requires insulin

(b) Has type 2 diabetes, requires insulin

(c) Hastype 1 diabetes, is in honeymoon period

(d) Hastype 2 diabetes, can manage with glimepiride

(e) Has pancreatic diabetes.

A 40-year-old man presents with diabetes for 7 years duration and is on premixed
insulin 120 units per day and has a BMI of 37 kg/m?. He is started on exenatide 5 pg
once a day. Which of the following are false?

(a) Heislikely to lose at least 3 kg of weight in 2 months

(b) He may have nausea

(¢) The maximum dosage is 10 pg once a day

(d) Gallstone disease is a contraindication

(e) Itisshorter acting than liraglutide.
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Insulin Therapy—
Practical Aspects
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“Insulin may be injectable,
But pens are for the affordable,
The tight control it gives is good,
Always inject well before food.”

Education is the cornerstone of diabetes treatment; the educator must possess medical competency, techni-
cal skill and psychological expertise. Insulin therapies have evolved considerably in the seven decades since
its discovery. Correct insulin injection techniques are recognized as essential elements of effective insulin
therapy. This chapter aims to focus on subjects with diabetes who administer insulin. Self-administration of
insulin is an art which can be easily mastered by adhering to a few basic strategies.

INTRODUCTION

The United Kingdom Prospective Diabetes Study (UKPDS) showed that to keep type 2
diabetes control [glycated hemoglobin (HbAlc<7%)]; insulin was needed within 6 years for
approximately 50% of people with diabetes. There may be a change in this paradigm with the
larger menu of oral hypoglycemic agents available these days—but the message conveyed is
clear. Although starting insulin in clients with type 2 diabetes is safe and simple, the quantity
and the number of insulin doses can be expected to increase with time as insulin resistance
increases and the capacity of the pancreas to secrete insulin decreases. Hence, the practical
aspects of insulin therapy become very important.

Incorrect technique, including wrong needle length, can lead to insulin being absorbed in an
unpredictable manner. This may predispose to variations in glycemia leading to hypoglycemia,
hyperglycemia, or even diabetic ketoacidosis (DKA) in type 1 diabetes. Nevertheless, correct
injection technique is under emphasized in routine patient care. A pan-European study
showed that people with diabetes do not remember receiving any education on particular
topic relating to injection technique. Insulin therapy, whether using conventional method or
higher technological devices is finely tuned for its peak of action and providing duration of
action. If the technique is flawed, the pattern in which insulin works varies and affects glycemic
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control. Hence, it is an imperative role for all healthcare providers to educate and treat people
with diabetes, offer training and advice on best practices and monitor injection technique
and sites at regular intervals. This chapter outlines key aspects in insulin injection technique
which needs to be considered to allow injectable therapy to work as designed.

J INSULIN SYRINGES

Conventional administration of insulin involves subcutaneous injection with syringes
marked in insulin units. Insulin is available in strengths of U-40 and U-100 in India. To avoid
dosing errors, syringes matching the concentration of U-40 and U-100 insulin is used (Figs. 8.1
and 8.2).

Each division on U-40 syringe is equivalent to 1 unit of insulin.

Each division on U-100 syringe is equivalent to 2 units of insulin.

Reuse and Disposal of Syringes

Manufacturers of disposable syringes and insulin pen needles recommend that needles
should be used only once. Nevertheless, many people adopt this practice. Reuse of an insulin
syringe compromises insulin sterility and can lead to bruising and bleeding due to blunted
needle. Reuse is not advisable for people with poor personal hygiene, open wounds on hands
and injection site, or immunocompromised patients, e.g. postrenal transplant. Recapping is
important for reuse of syringes and requires manual dexterity and hand steadiness.

Most insulin preparations contain products that inhibit growth of bacteria commonly
found on skin. Infection is possible if the needle is reused or when an injection is given through
clothing. A far more important reason not to reuse needles has risen with the advent of new,
smaller needles (30/31G). Even with one injection the needle tip can become bent to form a
hook, which lacerates the tissue or breaks leaving needle fragments in the skin. Hence, clients
should be instructed to discard the syringe and needle after one use. If insulin is administered
by a caregiver, recapping, bending, or breaking a needle will heighten the risk for needle prick
injuries. If needles become noticeably dull or bent, or come into contact with any other surface
other than clean skin, they should be discarded. In a hospital setting, needles/syringes should
be disposed as per the local protocol for the disposal of dangerous wastes. Athome, they should

Fig. 8.1: Insulin syringe.
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Fig. 8.2: Steps in subcutaneous insulin administration.

be disposed as per the local administration’s rules for the disposal of medical waste. Cleaning
needle with alcohol is not recommended as it removes the silicon coating which enables a
less painful skin puncture. Sharing of syringes, needles or insulin pens is never acceptable
(Tables 8.1 and 8.2).
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Table 8.1: Client education guide 1: Subcutaneous insulin administration.
1. Wash hands

Inspect the bottle for the type of insulin and the expiration date

Gently roll the intermediate-acting insulin in the palm of your hands to mix the insulin

2
)
4. Clean the rubber stopper with an alcohol swab
5

Remove the needle cover and pull back the plunger to draw air into the syringe. The amount of
air should be equal to the insulin dose. Push the needle through the rubber stopper and inject
the air into the insulin

6. Turn the bottle upside down, now the tip of the needle should be in insulin and draw insulin
into the syringe

7. Remove air bubbles in the syringe by tapping on the syringe or injecting air back into the bottle.
Redraw the correct amount

8. Make certain that the tip of the plunger is on the line for your dose of insulin Magnifiers can be
used to assist in measuring accurate dose

9. Remove the needle from the bottle. Recap the needle if the insulin is not to be given imme-
diately

10. Select a site within your injection area that has not been used for the previous injection

11. Clean the skin with an alcohol swab. Lightly grasp an area of the skin and insert the needle at a
90° angle

12. Push the plunger all the way down. This will push insulin into the tissue. Release the skin. Hold
the needle in place for 10 seconds

13. Pull the needle straight out. Do not rub the place where you gave the shot

14. Dispose of the syringe and needle.

Note:

o For clients with loose skin and less subcutaneous tissue, the needle is inserted at a 45° angle to avoid
intramuscular injection

o Gentle pressure needs to be applied for 5-8 seconds if blood or clear fluid is seen after withdrawing
the needle.

Table 8.2: Client education guide 2: How to mix a prescribed dose of 10 units of regular insulin and 20 units

of neutral protamine Hagedorn (NPH) insulin.
1. Wash hands

Inspect bottle for the type of insulin and the expiration date

Gently roll the bottle of intermediate insulin in the palms to mix the insulin

2
)
4. Clean the rubber stopper with an alcohol swab
&

Inject 20 units of air into the NPH insulin bottle. The amount of air should be equal to the dose of
insulin needed. Always inject air into the intermediate-acting insulin first. Withdraw the syringe

6. Inject 10 units of air into the regular insulin bottle. The amount of air is equal to the dose of insu-
lin desired

7.  Withdraw 10 units of regular insulin. Be sure that the syringe is free of air bubbles. Always with-
draw the shorter acting insulin first

8. Withdraw 20 units of NPH insulin with the same syringe, being careful not to inject any short
acting insulin into the bottle (a total of 30 units should be in the syringe)
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Insulin doses can be loaded in prefixed syringes and left in the refrigerator for clients who
have diminished vision. However, repeated dose preparation with the same syringe erases the
markings on syringe due to moisture and is not generally recommended.

Syringe Alternatives

Pen-like devices and insulin-containing cartridges which deliver insulin subcutaneously
through a needle are available. These devices have been demonstrated to improve accuracy
of the dose and client compliance. Research shows that pen devices enhance convenience,
flexibility, and clinical efficacy and users prefer pen devices over conventional syringe method.
There is improvement in quality of life among clients who used insulin pen at the first initiation
of insulin therapy.

Insulin Storage

Insulin preparations are stable at room temperature. However, due to loss of potency at high
temperatures in India, we highly recommend that insulin be stored in a refrigerator. Extreme
temperatures and excess agitation should be avoided. Insulin should be visually inspected
before each use for changes such as clumping, frosting, precipitation or change in clarity or
color.

In-use insulin vials, unopened vials, cartridges, and prefilled insulin pens should be stored
between 2°C and 8°C (36°F and 46°F). Extreme temperatures (<36°F or >86°F, <2°C or >30°C)
should be avoided to prevent loss of potency, clumping, frosting or precipitation.

Injecting cold insulin may cause pain and local irritation at the injection site and hence it
is generally recommended that in-use vials be left at room temperature (<30°C), but to discard
after a month. However, in a country like India, where room temperatures often exceed 30°C, it
is not advisable to leave vials at room temperature. At room temperature insulin will lose 1.0%
of its potency over 30 days and if refrigerated, it will lose <0.1% of its potency over the same
period. Insulin can be left outside for 10 minutes before injection and rolled between palms to
normalize temperature.

Insulin can be stored in earthen vessels if a refrigerator is not available. Insulin vials may
also be wrapped in a polythene cover and submerged in cold water in a thermos container
during travel. Pen devices should be maintained at a temperature below 30°C at all times
to ensure stability of insulin. If there is uncertainty on potency of a vial, replacement of the
vial in question with another of the same type is recommended. The “cold-chain” should be
maintained during transportation of the vials or cartridges of insulin.

Resuspension of Insulin

A proper resuspension of cloudy insulin is required to achieve the strength of insulin delivered
and results in hypoglycemia or hyperglycemia if insulin is not mixed properly. Resuspension is
achieved by rolling insulin vial or cartridge in between palms 10 times and gently inverting it
10 times to ensure the insulin is milky white in color before it is injected.
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Sites for Insulin Administration

Though several sites are suitable for administration of insulin, we recommend the anterior
abdominal wall as the preferred site for reasons such as ease in self-administration, a larger
surface area and steady rate of absorption. Insulin absorption varies depending on the
injection site and proximity to the limb involved in exercise. Site of administration should
be rotated within regions to promote consistent absorption. Insulin needs to be injected at a
distance of 0.5-1 inches away from the previous injection site. Making an anatomical “map” for
an injection rotation sites prevents repeated injection at the same site. The rotation of sites is
important to prevent lipohypertrophy, which is an abnormal subcutaneous fat accumulation.

The commonly used sites for insulin administration are:

1. Anterior abdominal wall: The rate at which insulin is absorbed is rapid and consistent in
the anterior abdominal wall as compared to arms and the thighs, in that order. The anterior
abdominal wall is therefore the preferred site. Rotation of injections within this area is
recommended. Insulin is injected at least four finger-breadths away from the umbilicus
on all sides. Repeated injections at a particular site cause lipodystrophy and impair the
nervous and vascular supply. This results in painless injection and clients prefer that
particular site. Diminished vascular supply leads to decreased absorption of insulin and
results in hyperglycemia.

2. Upper outer thighs: Injections in the thigh should be performed in the anterior and lateral
aspect. The femoral vessels and nerves lie medially and can easily be traumatized. However,
there is very little subcutaneous tissue laterally, sometimes less than 3 mm space. Hygiene
is a special issue in India due to the tropical climate. Culturally, women sometimes find
it difficult to inject on thighs considering privacy. Exercise, e.g. walking increases insulin
absorption which results in hypoglycemia. Therefore, injections in the thighs are not
preferred.

3. Upper outer arms: Like the thighs the arms have very thin layers of subcutaneous tissue
and self-injection insulin in the arms is difficult.

Lifted Skin Fold Technique

To avoid injection into muscle layer in adults while using needles longer than 8 mm, a skin
fold must be used. The skin should not be lifted using the whole hand and must be released
gradually following injection. Otherwise, this may increase the risk of intramuscular injection.
The best method is to lift the skin between thumb and two fingers with one hand, pulling the
skin and fat away from underlying muscle, holding until the insulin is injected. A needle length
of less than 8 mm is best suited when a lifted skin fold technique is used is used in very thin
patients and in children.

Mixing of Insulin

Certain insulin regimens require a mixture of different insulin formulations administered at
the same time. These formulations can be administered as two separate subcutaneous injec-
tions or can be mixed for a single injection. Conventional syringes allow mixing of insulin
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while insulin pen do not allow mixing. During mixing of insulin in a syringe, regular insulin
should be drawn up first, followed by the intermediate-acting insulin. This method prevents
contamination of regular insulin with NPH insulin. NPH and regular insulin when mixed is
used immediately or stored for future use (within 24 hours). Similarly, rapidly acting insulin
analogs may be mixed with NPH or ultralente insulin as the pharmacokinetics of either insulin
does not change on mixing. Mixing regular insulin with lente or ultralente is not recommended
as the zinc in lente can bind with regular insulin, thereby delaying its onset of action in an
unpredictable fashion. NPH insulin should not be mixed with lente insulin because zinc
phosphate may precipitate. Insulin glargine should not be mixed with other insulin because
of its acidic pH and will precipitate when mixed with the other pH-buffered insulin. The
combination of the two types of insulin may result in a variable dose response. It is suggested
that different brands of insulin not be mixed.

Split-Mix and Multiple Dose Regimens

A split-mix insulin regimen (twice daily mixture of regular and NPH) or a multiple dose insulin
regimen (three or four injection of insulin a day with injection of short acting insulin before
each meal) can be used. A twice daily split-mix is simple and attempts to match insulin peaks
to the time of meals; further, each component can be independently adjusted. While preparing
a split-mix dose, the regular insulin should be drawn first, followed by the long or intermediate
acting insulin. Also,

o Rapid acting insulin can be mixed with NPH, lente or ultralente

o Phosphate-buffered insulin (e.g. NPH) should not be mixed with lente insulin

e Zinc phosphate may precipitate and long acting insulin will convert to short acting insulin.

FACTORS THAT AFFECT RATE OF ABSORPTION OF INSULIN

Following an insulin injection there is a breakdown of hexameric exogenous insulin to dimers
and monomers that can cross into the capillaries and enter the blood stream.

Site for Injection

The duration of rate of absorption of insulin is 50% longer in the thighs as compared to
the abdominal wall. Regular insulin peaks at 90-120 minutes after injection in the thigh and
because of subcutaneous enzymes, only about 60-65% of insulin is absorbed. Peak bloodstream
levels of insulin after injection in the arm and abdomen is achieved in 75 minutes and
60 minutes respectively. The shorter absorption time from the abdominal site also means
that there is less destruction of insulin by subcutaneous enzymes.

Temperature

The warmer the area the faster is the absorption, the colder the area the slower the absorption.
A warm shower should be avoided after the injection. Going out into the cold with light clothing
can lead to decreased absorption and, therefore, high blood sugar.
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Exercise

Exercise increases the rate of absorption of insulin by increasing the blood supply.

Needle Length

Recent research assuages concerns regarding shorter needle length, demonstrating that
4-5 mm length needles minimize penetration into muscle layer and no additional leakage,
even in obese patients. Glycemic control with 4 mm needle is equivalent to that of 5 mm or
8 mm length.

In summary, the factors that speed up absorption and increase the risk of hypoglycemia are:
e Warm or hot environment, increasing blood flow to injection area

e Rubbing or massaging the area

o Injection delivered into deeper layers of skin

o Exercises increase the rate of absorption.

The factors that may slow absorption and increase the risk of hyperglycemia are:

¢ Cold environment reducing blood flow to the injection area

e Increased volumes of insulin, as the ability to absorb larger amount is reduced

e High concentration of insulin. Recent data show that Glargine can be injected in a single
dose up to 200 units with no impairment in absorption

o Unhealthy injection sites, e.g. bruised or scarred areas.

COMPLICATIONS OF INSULIN THERAPY

Insulin therapy usually does not lead to complications if the clients follow the given instructions.

Hypoglycemia

Hypoglycemia is the most frequent and feared complication of insulin treatment, with
potentially serious sequelae. Previous episodes of repeated severe hypoglycemia requiring
assistance or hypoglycemic unawareness are risk factors for severe hypoglycemia and this risk
is inversely related to HbAlc levels.

Weight Gain

Several mechanisms have proposed to explain the weight gain associated with insulin use.
Improved glycemic control decreases glycosuria thereby decreasing the loss of calories
through the urine. The direct lipogenic effects of insulin on adipose tissue may also contribute
to weight gain. Also, increasing insulin doses may cause recurrent mild hypoglycemia that may
manifest as hunger resulting in intake of excess calories. The result of weight gain in insulin-
treated clients is further insulin resistance, leading to the need for more insulin and potentially
more weight gain.

Lipoatrophy/Lipohypertrophy

Injection of less-purified insulin into subcutaneous fat can sometimes lead to localized
loss of fat. This is reduced by the use of more purified insulins. If insulin in injected into the
area surrounding the affected sites, the subcutaneous fat will be restored over several months
to years.
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Lipohypertrophy may present as localized areas of increased swelling of subcutaneous fat
on repeated injection. This reduces sensitivity to injection pain and masses of fibrous tissue
develop. Insulin absorption from these sites is unreliable. Rotation injection sites prevent
lipohypertrophy.

Somogyi Effect

The Somogyi effect, or rebound hyperglycemia, is another reaction to hypoglycemia. When
the blood glucose levels are low certain hormones called “counter regulatory hormone” cause
blood glucose levels to rise. The Somogyi phenomenon was named after a Hungarian-born
professor called Michael Somogyi.

Symptoms

If someone is experiencing the Somogyi effect they may not notice the episode of hypoglycemia
that triggers the hyperglycemia, they may notice following symptoms:
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Eating too much food to treat hypoglycemia can cause an even greater rise in the blood
glucose levels. If someone’s blood glucose levels fall less than 65 mg/dL and then rise to
200 mg/dL within the next few hours then they are probably experiencing a Somogyi effect
(Fig. 8.3).

Recommendations

o The best way to treat rebound hyperglycemia is to determine what is causing the initial
episode of hypoglycemia

e Checkyour blood sugars several times in a day

e Maintain a proper log book of your blood glucose levels and activity

e Checkyour blood sugars between 3 am and 4 am and then again at 7 am

e Prior snack before exercise

e An appropriate bedtime snack everyday before sleep.

Dawn Phenomenon

Dawn phenomenon, sometimes called the dawn effect, is an early-morning (usually between
2 am and 8 am) increase in blood glucose in patients with diabetes, not associated with early
morning hypoglycemia (Fig. 8.4).

In the early hours of the morning, the body produces certain growth hormones. These
hormones repress the action of insulin and allow the blood glucose levels to rise between 4 am
and 8 am.
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Fig. 8.4: Dawn phenomenon and Somogyi effect.

Recommendations

e Decrease the food intake at night

e Monitor blood sugars more frequently, especially between 2 am and 4 am
o Ifoninsulin the night dose needs to be increased

o Frequent monitoring is again very important.
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Pain

Perception of pain with injection therapy has shown to be related to needle length and dia-

meter, injection technique, and accidental intramuscular injections. Short and narrow gauge
insulin needles minimize pain (4 mm or 5 mm/31G). Patients who have “needle phobia” are
very few, also they have true needle phobia, and psychological counseling is needed and
is effective.

Measures to avoid painful injections

o Injecting room temperature insulin

o Allowing topical alcohol to evaporate if used
o Relaxing muscles at site while injecting

e Using distraction technique

¢ Quick skin penetration

e Avoid changing direction of needle while insertion and withdrawal

e Avoiding reuse of needles

e Usinginjection device that puts pressure around the injection site.

BARRIERS TO INSULIN THERAPY

Patient Barriers

o Psychological barriers

Fear of hypoglycemia

Fear of needles and pain
Poor self-efficacy
Self-blame

Loss of control

Social stigma

Perceived patient resistance
Myth based fear of insulin
Patient’s compliance.

o Lifestyle

Time-consuming, inconvenient
Travel issues.

o Physical and mental

Poor recall or cognitive impairment

Visual/hearing/dexterity impairment
Learning difficulties; low literacy/numeracy skills.

System Barriers

e Overburdened work load
e Access to education and training
e Limited to training to providers
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e Underutilization of resources
e Poor follow-up system
¢ Suboptimal team cooperation; poor chronic care model.

Provider Barriers

« Concerns about adverse effects
e Provider time constraints: Instruction/titration
o Lackofresources, e.g. personnel to train.

Special Population
Children

Children and adolescents should use 4-5 mm needles to minimize pain and improve
compliance. Skin pinching while injecting may minimize pain. To allay fear, strategies in
younger children include injecting saline into stuffed animal, a diaper that stimulates skin,
or a parent. A collaborative team effort is needed for emotional and psychological support in
children. Education on diabetes and training should be available for parents, caregivers, and
teachers.

Pregnancy

Self-blood glucose monitoring and titration of doses is essential during pregnancy especially
during first trimester when hypoglycemia is common due to hyperemesis gravidarum. The skin
fold should be raised while giving abdominal injections to avoid injecting into muscle layer.

Elderly Patients

Careful assessment of manual dexterity, cognition, vision, and hearing is required prior
to therapy and during follow-up to determine patient’s capacity to perform self-injection.

Clients with Vision, Hearing, or Dexterity Impairment

Magnifier lens and insulin pens with a dial click for each unit dialed is helpful for elderly
people. Preparing prefilled syringes with desired amount of insulin by caregivers is advisable
for those with dexterity impairment. Training for hearing impaired clients must happen in a
calm and quite environment. The educator should face the client, with adequate lighting to
facilitate lip reading, and should speak slowly and clearly with normal intonation.

SICK DAY MANAGEMENT

Common illnesses such as tonsillitis, ear, chest or urinary tract infections can cause extra stress
on the body. This increases the amount of insulin required to keep blood sugars levels under
control. It is difficult to predict how an illness affects blood glucose; therefore, period blood
glucose monitoring is essential. If blood sugar levels remain high for several hours the body
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starts to produce ketones. Ketones are toxic and if they build up to moderate or high levels, a
life threatening condition called DKA ensues. Hence, it is important to take actions during the
initial clinical course of any illness.

Sick Day Guidelines

Step 1: Frequent monitoring of blood glucose, if possible to monitor for ketones in blood/urine.
Step 2: Adequate fluid intake and oral intake if possible.

Step 3: Seek assistance.

o Extrainsulinis needed ifblood sugars are more than 250-300 mg. It is advised to administer
and extra dose of short acting insulin and not to wait until the next dose

o The dosage schedule is described in detail in the chapter on “Childhood diabetes”

e Regular and periodic monitoring of blood glucose levels

o Ifthe clienthas vomiting or diarrhea and is unable to eat, oral hypoglycemic agents (OHAs)
are stopped and insulin is continued in reduced doses since insulin without adequate oral
intake precipitates hypoglycemia

o Urgent medical attention is required at the earliest.

Other Instructions

Advice clients to

e Carry a sick day kit containing—action plan, short acting insulin, insulin syringes, extra
food, 20 g of glucose, monitoring equipment—glucometer, test strips, and ketone strips

e Carry sick day action plan—sick day guidelines, details about whom to contact, special
instructions when to seek medical care, and important contact numbers

o Example for giving extra dose on a sick day:

Usual Daily Dose Morning Lunch Dinner Bedtime
Short acting 10 units 10 units 10 units = —————
Long acting/Intermediate 10 units

If the client is on three times short acting and once intermediate acting insulin. The daily
total will be 10+10+10+10 = 40 units.

Therefore, 10% of the daily total is 4 units which is the extra dose, and further doses depend
on the blood glucose levels.

ALTERNATIVE METHODS OF INSULIN DELIVERY

Insulin Pens

Insulin pens are designed for ease in subcutaneous administration of insulin. These devices are
either disposable or reusable depending on the duration of insulin therapy. It is an important
tool for insulin administration featuring simplicity, ease of use, reliability in clients with type
1 and type 2 diabetes. Insulin pens are proprietary and the insulins contained are company
distinct. These insulin pens are manufactured only for the specific insulin for which it was
designed (Fig. 8.5). The two types of insulin pen available in the market are
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Fig. 8.5: Insulin pen device.

1. Reusable insulin pens
2. Disposable insulin pens

Reusable Insulin Pens

This is intended for long-term/permanent insulin therapy. These devices use small (3 mL = 300
units) prefilled cartridges that are loaded into a pen like holder. A disposable needle (30-31 G)
is attached to the device for insulin injection. Insulin is delivered by dialing a dose and pushing
a button for every one increment administered. A maximum of 60-70 units can be injected at
one single injection. Clients using these devices still need to insert needle for each injection.
Pen devices are durable, easy to use, and are designed for longer duration of use. Possible
damage of pen may happen over time.

Disposable Insulin Pens (Prefilled Pens/Single Use only)

This compact unit contains a built-in, single-use insulin cartridge. It does not require loading
of the insulin cartridge by the client; and itis convenient and easy to use. Itis portable, durable,
and light weight delivery system which is helpful for clients who have difficulty in handling
cartridges in reusable pens or clients with busy schedule who prefer not to change cartridges.
They are a little expensive over times, compared with reusable pens. Each delivery system has
3 mL of insulin, corresponding to 300 units of insulin. It can be dialed up to 80 units.

Advantages of Insulin Pen Devices over Conventional Insulin Syringes

e More convenient method and more accurate insulin delivery

e Less pain due to the use of smaller gauge needles

o Improved quality of life and enhanced compliance with the insulin regimen

o Simpler for specific populations to use (e.g. elderly, children, adolescents and pregnant
women)

« Improved social acceptability, especially at school

e Less “medical” looking and contain all necessary parts (insulin containers and injecting
device) in one unit.
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Who Benefits from Pen Devices?

1. Clients with erratic eating habits may benefit. Clients who take regular or Lispro insulin
before meals or snacks and NPH at bedtime usually need two pens, one for each type of
insulin. Also, clients who take mixture of two kinds of insulin in one syringe (e.g. regular/
Lispro and NPH or lente other than 30/70 premixed insulin) need to use two pens and two
injections for each dose. This is less desirable than the single-syringe injection of mixed
insulin.

2. Children often have more positive attitude regarding pen devices as compared to con-
ventional syringes due to reduced pain perception.

3. Women with pregestational and gestational diabetes requiring pharmacologic therapy.
The convenience, flexibility, and ease of use with insulin pen can simplify treatment and
reduce therapy related stress for pregnant women during an existing stressful period.

4. Older clients with vision problems, air bubbles that are drawn into the syringe may go
unnoticed leading to variations in insulin delivery. Not only do insulin pens improve
dosing accuracy and compliance but they are also easier for clients with compromised
fine-motor coordination (Fig. 8.6).

Limitations of Pen Devices

These devices are most useful for clients who need to inject only one type of insulin at a time
or who can use premixed insulin. Be cautious while recommending this device for visually or
neurologically impaired clients. These devices are not meant for independent use by visually
impaired clients.

DETERMINING EFFECTIVENESS OF SELF-INJECTION EDUCATION

Insulin Pump: Continuous Subcutaneous Insulin Infusion

An insulin pump is a small device about the size of a small cell phone that is worn externally

and can be discreetly clipped to your belt, slipped into a pocket, or hidden under your clothes

(Fig. 8.7). It delivers precise doses of rapid-acting insulin to closely match your body’s needs:

e Basal rate: Small amounts of insulin delivered continuously (24/7) for normal functions
of the body (not including food). The programmed rate is determined by your healthcare
professional.

e Bolus dose: Additional insulin you can deliver “on demand” to match the food you are
going to eat or to correct a high blood sugar. Insulin pumps have bolus calculators that help
you calculate your bolus amount based on settings that are determined by your healthcare
professional.

Components of Insulin Pump Therapy (Figs. 8.8 and 8.9)

1. Insulin Pump: A small durable medical device that has—
e Buttons to program your insulin
e LCD screen to show what you are programming
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Fig. 8.6: Insulin administration using an insulin pen device.

e Battery compartment to hold one AAA alkaline battery

e Reservoir compartment that holds insulin.

2. Reservoir: A plastic cartridge that holds the insulin that is locked into the insulin pump.
It comes with a transfer guard (blue piece at the top that is removed before inserting the
reservoir into the pump) that assists with pulling the insulin from a vial into the reservoir.
A reservoir can hold up to 300 units of insulin and is changed every 2-3 days.

3. Infusion set: An infusion set includes a thin tube that goes from the reservoir to the infusion
site on your body. The cannula is inserted with a small needle that is removed after it is in
place. It goes into sites (areas) on your body similar to where you give insulin injections.
The infusion set is changed every 2-3 days.
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Fig. 8.7: Insulin pump.

Fig. 8.8: Parts of an insulin pump.

4. Infusion set insertion device: An infusion set is placed into the insertion device and with a
push of a button the infusion set is inserted quickly and easily.

Example:

Mrs X, a 34 years old lady with pregestational diabetes mellitus, was on basal bolus insulin, short
acting insulin 5-3-3 and 6 units of NPH, this patient was experiencing frequent hypoglycemia
even when 1 or 2 units of insulin was increased, so we have planned to start on pump therapy.
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Fig. 8.9: Steps in initiating continuous subcutaneous insulin therapy.

There are some prerequisites before starting on insulin pump:

o Total daily dose (TDD) of insulin = 17 units (short acting and intermediate acting 5 + 3 + 3
+6 =17 units)

e Only short acting is given, which works as basal and bolus

o Rule of 1800 for analogs and rule of 1500 for regular insulin
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e Calculate ISF (insulin sensitivity factor) for Mrs X, plan to use analog
- ISF =Rule/TDD
- 1700/17 =100
- This means 1 unit of insulin will bring down the blood sugar by 100 mg/dL
- This is also called as correction bolus, if the patient’s sugars are more based on the
calculations above, we can correct the blood sugar immediately this is most important
benefit on an insulin pump
e When using analogs the insulin dose is reduced by 10% from the actual dose which is
17 units to approximately 15 units
e 15 units have to be equally divided to equal halves for basal dose and bolus dose and then
based on the patient
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Basal Insulin

This is continuous infusion of small amounts of rapidly acting insulin over 24 hours. This aims
to match endogenous hepatic glucose production and generally comprises 40-50% of total
daily insulin dose. The rate of infusion can be individually programmed throughout the day,
increasing during times of relative insulin resistance and decreasing during periods of activity.
A properly set basal rate keeps the blood glucose levels stabilized in the absence of food.

o Higher basal rates for less activity periods

¢ Lower basal rates for more active periods.

Bolus Insulin

These are client-activated doses given with meals to correct the prandial increase in blood
glucose. Some recent pump models incorporate bolus dose calculator technology. The dose
calculator is programmed with both the individual client’s insulin requirements per gram of
carbohydrate [insulin:carbohydrate ratio (ICR)] and their insulin sensitivity factor (used to
calculate correction bolus doses). Meal-time doses are calculated based on current and target
blood glucose levels and the carbohydrate content of the meal. The client has the freedom to
determine the amount of insulin delivered before each meal by activating the pump using the
push buttons.
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Client Selection for Continuous Subcutaneous Insulin Infusion

Ideal candidate for continuous subcutaneous insulin infusion (CSII) would be a patient with
type 1 diabetes or a type 2 patient who is intensively managed with insulin with more than
or equal to 4 insulin injections and more than or equal to 4 self-monitoring of blood glucose
(SMBG) measurements daily. The candidate should be highly motivated to achieve optimal
glucose controls and is willing to carry out tasks required to operate this complex and time
consuming therapy. Candidates should have training in carbohydrate counting and to calculate
insulin correction doses. They should be willing to keep in contact with their care providers.

Special characteristics of patients who are not good candidates for insulin pump use

e Unable or unwilling to perform multiple dose injections (> 3-4 times daily), frequent
SMBG (> 4 times daily), and carbohydrate counting

o Lack of motivation to achieve higher glucose control and/or history of nonadherence to
insulin injection protocols

e History of serious psychological or psychiatric condition(s) (e.g. psychosis, severe anxiety,
or depression)

o Substantial reservations about pump usage interfering with lifestyle (e.g. contact sports or
sexual activity)

e Unrealistic expectations of pump therapy (e.g. belief that it eliminates the need to be
responsible for diabetes management).

Proposed Clinical Characteristics of
Suitable Insulin Pump Candidates

Type 1 Diabetes Mellitus

e Patients who do not reach glycemic goals despite adherence to maximum multiple daily
insulin (MDI), especially if they have
- Very liable diabetes (erratic and wide glycemic excursions, including recurrent DKA)
- Frequent severe hypoglycemia and/or hypoglycemia unawareness
- Significant “dawn phenomenon’, extreme insulin sensitivity

e Special populations (e.g. preconception, pregnancy, children, adolescents, competitive
athletes)

o Patients with type 1 diabetes mellitus who, after investigation and careful consideration,
feel that CSII would be helpful in achieving and maintaining treatment targets and improve
their ability to cope with the challenges of managing their diabetes.

Type 2 Diabetes Mellitus

e Selected patients with insulin-requiring type 2 diabetes mellitus who satisfy any or all of
the following:
- C-peptide positive, but with suboptimal control on a maximal program of basal /bolus
injections
- Substantial “dawn phenomenon”



I
L
Insulin Therapy—Practical Aspects 153

- Erratic lifestyle (e.g. frequent long distance travel, shift work, unpredictable schedules
leading to difficulty in maintaining meal timing)
- Severe insulin resistance
o Selected patients with other diabetes mellitus types (e.g. postpancreatectomy).

Benefits of CSll

e Closer to normal blood glucose levels throughout the day—within the target range

o Fewer erratic swings in blood glucose and thus a decreased risk of hypoglycemia

e More appropriate matching of insulin to food intake

o Increased flexibility in lifestyle (in terms of timings and amount of meals, exercise, and
travel)

o Improved chances for a long, healthy life

o Increased flexibility in coping with daily living

o Improved targeting of the “dawn phenomenon”.

Risks of CSII

Diabetic ketoacidosis: Since there is no subcutaneous depot of long-acting insulin with CSII, if
the flow of the short-actinginsulin isinterrupted, DKA can develop more rapidly and frequently.
The interruption may be intentional allowing client to participate in certain activities or
unintentional, caused by catheter occlusion, disinsertion, battery failure, depletion of insulin
supply and other causes such as client error and inadequate training. Clients should be trained
to check their blood glucose at least four times a day.

Hypoglycemia: Generally occurs less frequently with CSII than with MDI, mainly due to
unintentional insulin delivery or “Pump runaway’. Frequent blood glucose monitoring allows
early recognition of hypoglycemia. The tight diabetes control associated with using insulin
pump may increase the incidence of hypoglycemia unawareness because of the very gradual
decline in serum glucose level from greater than 70 mg/dL to those less than 60 mg/dL.

Catheter site infection and contact dermatitis: Most common complication associated with
CSII is infection at the infusion site. Occasional cases of contact dermatitis attributed to the
components of the infusion site and tapes have been described. Change of catheter site every
2-3 days minimizes the risk of developing skin infections.

Weight gain: Weight gain is a common adverse effect of impaired glycemic control. Exercise
and dose attention to caloric intake can result in weight maintenance and if necessary, weight
reduction.

Special Consideration with CSII Therapy

Children and adolescents: Children, adolescents, and their parents prefer to use the pump
because these are perceived to be the safest, easiest and the most physiologic method of
subcutaneous insulin delivery to achieve near normal glycemic control. CSII has shown
improvement in patient satisfaction and reduced hypoglycemia frequency. Indications in
pediatric patients include:
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o Elevated HbAlc levels on injection therapy

o Frequent, severe hypoglycemia

e Widely fluctuating glucose levels

e Atreatment regimen that compromises lifestyle

e Microvascular complications and/or risk factors for macrovascular complications. A child
from motivated family who are committed to treatment is an ideal candidate for insulin
pump.

Pregnant women: Insulin pump therapy seems to be safe and effective in maintaining

glycemic control during a pregnancy complicated by gestational diabetes mellitus or type 2

diabetes mellitus. Because pregnancy is a state of accelerated ketosis especially among type 1

diabetes mellitus, hyperemesis gravidarum or related to dawn phenomenon, a few hours of

insulin interruption can lead to hyperglycemia and ketosis. As DKA is associated fetal demise,

intensive education and monitoring of infusion sites and sets are required during the course of

pregnancy. As the abdominal wall stretches and subcutaneous tissue thins, the site should be

changed to offer a more secure and predictable absorption.

Training Clients on CSlI

In client with type 2 diabetes mellitus CSII had shown improvements in glycemic control
and beta-cell function. It also helps them to maintain glycemic parameters during exercise
because of its ability to readily alter the rate of insulin delivery. Extensive training on technical
aspects of insulin pump use is essential to allow safe changes in the basal infusion rate and
avoid disrupting the catheter site during brisk physical activity. The use of pump may evoke
psychological issues, therefore emotional and psychological assessment is necessary prior
to initiation. Some clients may express difficulty with body image since pump is visible,
mechanical dependency for the metabolic control may invoke feelings of vulnerability and
fear of device failure.

The successful implementation of CSII is dependent on a motivated, flexible and skilled
health care team. The healthcare team includes an endocrinologists/diabetologists, a diabetes
educator or nurse specialists, and dietitian. Initial task of the health team is to assess the
following:

o Ability to perform SMBG and maintain a glucometer

¢ Knowledge of premeal, postmeal, and bedtime target glucose values
o Awareness on hypoglycemia prevention, detection and treatment

o Sick day management and DKA prevention

e Ability to maintain food and physical activity records

e Basic and advanced carbohydrate counting skills.

Group training has been used more frequently in the hope that patients will receive guidance
and support from each other. Training should focus on the following aspects:

1. Information about pump, infusion set operation, maintenance, and trouble shooting

2. Infusion site preparation and preventive measures such as proper insertion of catheter

3. Calculation and configuration of basal insulin infusion rates
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4, Calculation of initial ICRs, boluses, and ISF

5. Filling the reservoir and tubing, button pushing, and priming

6. Frequent SMBG monitoring

7. Meaning of pump alarms (battery failure, empty syringe)

8. Back up supplies (additional infusion sets, pump batteries, insulin syringes or pens)
9. Use of injectable glucagon in case of hypoglycemia

10. Methods to minimize infection at injection sites (hand washing)

11. Contact numbers of Physician and diabetes educator

12. Pump manufacturer’s emergency contact number.

CSII or insulin pumps are advancing in form as well as function. There is a clear need for
educational programs taught by trained healthcare provider in insulin pump use, committed
physicians providing diabetes educators/nurse specialists, and dietitians help with initial and
follow-up pump use training.

DOSE ADJUSTMENT FOR NORMAL EATING

The Diabetes Control and Complications Trial (DCCT) compared intensive insulin therapy
to conventional treatment. Intensive insulin was shown to reduce the progression of
complications and HbAlc levels in the intensive group when compared to the normal group.
Unfortunately, there was a three-fold increase in severe hypoglycemia and a 33% increase in
undesirable weight gain in the intensive group and overall quality of life did not improve. The
dose adjustment for normal eating (DAFNE) program balances insulin dose and carbohydrate
intake in clients with diabetes.

What is DAFNE?

Dose adjustment for normal eating is a 5 day group program which is skill based and client
centered. The aim of this program is to enable client to eat freely and adjust insulin to match
their desired carbohydrate intake. The diabetes educator and dietitian teach group members
how to adjust their insulin to their carbohydrate intake.

Dose adjustment for normal eating (DAFNE) includes a complete diabetes education
program and involves workshops and discussion about individual insulin adjustments in a
group setting. The basal insulin dose is either given as twice daily such as NPH, or once daily
as a long acting insulin analog. This basal insulin is calculated to meet their basal insulin
requirement, and is not to account for carbohydrate from meals or snacks. The preprandial
quick acting insulin is calculated on the amount of carbohydrate that will be eaten for that
meal or snack. Quick acting insulin must be administered at all meals containing carbohydrate.
Individual ratios for each meal or snack time are calculated for each participant over 5 days.
For example, a ratio is defined as 2:1 for breakfast would be 2 units of quick acting insulin
per 10 grams of carbohydrate (1 carbohydrate portion). Correction boluses for variable blood
sugars are also advised with main meals. 10 grams of carbohydrate equals 1 carbohydrate
portion. This portion size, rather than 15 grams of carbohydrate, was selected due to ease of
calculation of dose adjustment.
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What are the Benefits of DAFNE?

The DAFNE study group in UK conducted a randomized control trial involving 169 clients
who were divided into immediate or delayed DAFNE for 6 months. The trial showed:

Reduction in HbAlc of 1% in 6 months post-DAFNE and 0.5% at 12 months

No increase in severe hypoglycemia, change in weight, cholesterol or triglyceride

An improved quality of life and treatment satisfaction

Cost-effective due to expected reduction of microvascular complications if such positive
metabolic outcomes were maintained.
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SELF-ASSESSMENT

1. Mrs A aged 61 years, has type 2 diabetes for 8 years. She is now taking the maximum

oral hypoglycemic agents: Metformin 1 g three times daily, Glimepiride 4 mg twice
daily and Rosiglitazone 8 mg in the morning. Her weight is 76.5 kg and her height
164 cm, her BMI—29.2 kg/m? indicates that she is overweight but not obese. Her
prebreakfast and postprandial sugars are between 140 mg/dL and 250 mg/dL and
her HbAlc is 11%. How will you improve her glycemic control?

(a) Life style modification and review after a month

(b) Starting her on once daily long acting insulin analogs

(c) Stop Rosiglitazone and start twice daily premixed insulin
(d) Increase the dose of Glimepiride dose to 6 mg twice a day
(e) Stop Rosiglitazone and add Repaglinide

2. Mr Xis 62-year-old and has type 2 diabetes for 10 years. He started taking insulin 8

months ago. His medications include intermediate acting Isophane insulin 36 units
at bedtime, Metformin 1 g and Glimepiride 4 mg once a day. He apparently noticed
some lumps in his abdomen. His blood sugars remained constantly high. What does
Mr X most probably have and how will you treat it?

(a) Lipohypertrophy which will dissolve by giving hot fomentation
(b) Lipoatrophy which will dissolve by massaging site
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(c) Lipohypertrophy which will resolve by just foregoing the site and injecting
elsewhere in the abdomen

(d) Lipohypertrophy—needs surgical removal

(e) Lipohypertrophy—keep injecting on the same area

Mr X’s wife (previous case) is seeking your advice over the phone “Mr X is sick with

vomiting and diarrhea. What shall I do about his insulin? He has nausea and not

eating. His blood glucose is 300 mg/dL. What will you advise her?

(a) Stop giving oral fluids and insulin and monitor blood glucose

(b) Stop oral hypoglycemic agents and administer only insulin

(c) Give oral fluids, stop oral hypoglycemic agents and administer insulin

(d) Take him to the nearest hospital

With regard to mixing of insulin, which of the following statement is wrong?

(a) Insulin Glargine can be mixed with Insulin Lispro

(b) Rapid acting insulin can be mixed with NPH, Lente, or Ultralente

(c) Phosphate buffered insulins (NPH) should not be mixed with lente insulin

(d) Rapid + NPH insulin if mixed should be used immediately

(e) No diluent should be used with any insulin preparation

For a client with lipohypertrophy:

(a) Change the type of insulin

(b) Change the site of injection

(c) Change from 40 IU/mL to 100 IU/mL

(d) Use pen delivery device

A pen device delivers insulin:

(a) Intradermally

(b) Transcutaneously

(¢) Subcutaneously

(d) Intraperitoneally

(e) Intrathecally

Which of the following insulins can be mixed?

(a) Glargine + Lispro

(b) Glargine + plain

(c) Plain + NPH

(d) Lispro+NPH

All of the following are false about insulin usage except:

(a) Insulin vials should be stored in the freezer compartment of the refrigerator

(b) Insulin when taken out of cold storage should be used after a minimum of
15-20 minutes

(¢) Duringinsulin administration the needle should be inserted tangentially

(d) The rate of absorption is lower when injected intramuscular as compared to
subcutaneous injections

(e) The area after insulin administration should be massaged in order to facilitate a
rapid and complete absorption of insulin



]
E—
158

A Practical Guide to Diabetes Mellitus

9.

10.

The following is the most preferred insulin injection site in the adult:

(a) Forearm (b) Medial aspect of the upper arm
(c) Anterior abdominal wall (d) Anterolateral aspect of the thigh
The current needle used in pen devicesisa_____ gauge needle.

(a) 25 (b) 28

(o 31 (d) 35



CHAPTER

Blood Glucose
Monitoring

Mercy Jesudoss, Ruth Ruby Murray

“For insulin treatment there is a strong moral,
This contrasts particularly with things that are oral,
To get the control good and keep things tight,
You monitor sugars with all your might”

A disease like diabetes requires continuous self-care. The good news is that “diabetes self-care technology”
has come a long way. Today, there are numerous gadgets and gizmos available that are supposed to make
living with diabetes much easier.

INTRODUCTION

Several devices and gadgets have been designed to help people living with diabetes to lead a
near-normal life (Table 9.1). They can be divided into three broad categories.
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Insulin administration has been dealt in the preceding chapter. Home and hospital-based
monitoring of blood glucose using various gadgets is discussed in this chapter.

SELF-MONITORING OF BLOOD GLUCOSE

Self-monitoring of blood glucose (SMBG) is a cornerstone of diabetes management. It enables
the patients to make self-management decisions regarding diet, exercise, and medications.



160

A Practical Guide to Diabetes Mellitus

Table 9.1: Other helpful gadgets.

Extendable mirror

Visual foot inspections can become more challenging with age or
reduced physical mobility. There are special mirrors available to check
the foot daily

Insight foot care scale: This is a special scale, which is equipped with a
mirror through which one can know the condition of the feet standing
on the scale

Safety device

-
]
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Glucose tablet case, which attaches to a key ring, backpack, purse, or belt
loop are available to treat sudden episodes of hypoglycemia. A variety of
gels and tablets of dextrose which is more rapidly absorbed into circula-
tion, resulting in a quicker response

Wearable medical identi-
fication tags

These are essential safety items for people who take hypoglycemic
agents. Some options include charms for watchbands or existing
jewelry, bracelets, dog tags, sports bands, bolo cords, necklaces, and
rubber glow-in-the-dark shoe tags

Carbohydrate counting
and meal planning aids

The InsuCalc wheel will calculate mealtime insulin doses based on blood
glucose level plus carbohydrate intake

The wheel fits in most blood glucose meter cases and is available for a
variety of carbohydrate-to-insulin ratios and correction-dose scales

Good glycemic control is important to ensure good quality of life among those living with
diabetes as compared to those without diabetes. It is an integral part in the management of
type 1, insulin treated type 2 diabetes, and gestational diabetes mellitus.

Major landmark clinical trials clearly demonstrated the benefits of normal or near-normal
blood glucose levels. Optimal glycemic control reduces the risk of microvascular complications.
Several devices for self-monitoring have recently evolved and have played a major role in
glycemic control and prevention of complications. It is a great educational tool which has an
impact on daily life style habits, special situations like illness or stress, and medications on
blood glucose levels fostering foster self-management and enable patients to make necessary

changes.
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There are various methods in SMBG and most of the methods involve obtaining a drop of
blood using disposable lancets from finger tips, applying the blood to special reagent strip, and
allowing the blood to stay on the strip for the amount of time specified by the manufacturer
(usually 5-30 seconds). Newer glucometers have strips that “wick” the blood sample into the
end of the strip, allowing visual inspection to assure an appropriate sample obtained. The
liquefied crystal display (LCD) screen gives out a digital readout of the glucose value.

o The American Diabetes Association (ADA) recommends SMBG for patients taking insulin
or oral agents. Assessment of blood glucose levels is very important for the following
patients:

« Patients with any type of diabetes trying to keep glucose levels in the near normal range

e Pregnant women

e Client with a tendency to develop severe ketosis or hypoglycemia.

o Client with hypoglycemia unawareness

o Patients undergoing intensive treatment programs, especially those using insulin pumps,
or taking multiple daily insulin injections.

Benefits of Self-monitoring of Blood Glucose

o It provides an objective feedback on blood glucose values which is used to make
adjustments in food intake, activity patterns, and medication dosage

e Supports and enhance a diabetes care program that aims to educate people about their
condition

o Italso produces accurate records of daily glucose fluctuations and trends, as well as alerting
patients to acute episodes of hyperglycemia and hypoglycemia

e It provides patients with a tool for achieving and maintaining specific glycemic goals.

Frequency of Self-monitoring of Blood Glucose

The frequency of monitoring depends on the following factors:
o The level of patient’s glycemic control

o The type of diabetes

o The patient’s ability to perform tests independently

e Patient’s or caregiver’s willingness to test

e Patient’s economic status and reimbursement policies.

Specific schedules for SMBG will vary with each patient. Intense SMBG for short periods
before and after meal and at bedtime provides data to identify glucose patterns. This can be
an important adjunct to glycated hemoglobin (HbA1C) to distinguish between preprandial
and postprandial hyperglycemia. Patients may have staggered time of checking at various
time of the day throughout the week. Testing after meals helps to see how effectively he or she
judged what was eaten. If a patient is unable to afford to test frequently, then once a day may be
sufficient checking at different times of the day or consecutive day (before breakfast one day,
postbreakfast the next day etc.). The SMBG is useful in the following patient’s conditions:

Individuals with type 1 diabetes and those on insulin pumps typically test five times a day,
before meals, at bedtime, and early morning
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¢ Individual patients with type 2 diabetes who have more variable and individualized testing
regimens. It is best measured once before breakfast, 2 hours after breakfast, lunch, and
dinner, 1-2 times a week

o In pregnant women blood glucose levels are measured once before breakfast, 1 hour after
breakfast, lunch, and dinner, three times a week

o Ifhypoglycemia is suspected (immediate action is taken if necessary)

o Duringacute phase ofillness, to determine the effect of stressor on blood glucose level and
to prevent hyperglycemia.

Bedside Monitoring

Blood glucose monitoring at bedside is performed to guide insulin dosing. In patients who
receive nutrition, the timing of glucose monitoring should match carbohydrate exposure. In a
patient who is kept nil by mouth, monitoring for glucose should be done every 4-6 hours. More
frequent monitoring ranging from 30 min to every 2 hours is essential for patients requiring
intravenous insulin infusions.

Barriers for Self-monitoring of Blood Glucose

The monitoring method should match patient’s level of skill. Factors that affect the SMBG
performance include visual acuity, fine motor coordination, cognitive ability, and comfort
with technology, willingness, and cost. Psychological issues such as impending fear of and
feeling of guilt owing to increased values impedes patient’s monitoring.

Record Keeping

It is important to have a monitoring dairy, log book or some type of electronic memory device
to record patterns of glycemic control and adjustments of treatment. Records of SMBG are
used to titrate blood glucose lowering agents and to guide physical activity and food intake. The
ADA recommends using SMBG as a guide to successful therapy and to achieve postprandial
targets. The target HbA1C is less than 7% and this correlates with an average blood glucose of
approximately 150 mg/dL. The ADA recommends a preprandial plasma glucose range from 70
mg/dL to 130 mg/dL, and peak postprandial levels targeted at less than 180 mg/dL. The use of
SMBG is helpful in developing a longitudinal glucose profile and an aid to making day-to-day
decisions.

Patients should be asked to maintain a log book on the information regarding SMBG values,
food intake, medications, and exercise. This helps to interpret SMBG results. Keeping a record
helps patient to encourage to acknowledge their SMBG and to contemplate the potential
adjustments they can make with activity and nutrition. The record book is useful at the time of
consultation and should contain:

o Time and date

¢ Blood glucose levels

e Insulin dose adjustments

e Special events affecting glycemic control (e.g. illness, parties, exercise etc.)
o Hypoglycemic episodes and description of severity and measures taken.
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Self-monitoring of Blood Glucose Devices

Glucometers

These are portable electronic blood glucose meters used at hospitals and by patients who
perform SMBG (Fig. 9.1A). A wide variety of blood glucose monitors are available. Lancing
devices with disposable lancets help to obtain blood drop with minimal pain experience. The
depth of the prick is adjusted depending on the skin thickness. The auto eject facility in the
lancing devices minimizes the risk for needle prick injuries (Fig. 9.1B).

Glucometers measure blood glucose by using color reflectance or sensor technology.
These two principles are given in Flowchart 9.1.

Reflectance photometry: A detector captures the reflected light and converts it to an electronic
signal which is translated to its corresponding glucose concentration. The lower the glucose
the lighter the color and vice versa.

Amperometry/electrochemistry (biosensor technology):

e A biosensor is an electronic device that quantifies the number of electrons generated by
the oxidation of glucose, i.e. it measures the electrical current (equal the flow of electrons)
o Using the enzyme as a catalyst, glucose is oxidized with a mediator to generate electrons

Figs. 9.1A and B: (A) Different glucometers use different technologies to measure blood glucose; (B)
Lancing devices with disposable lancets help to obtain a blood drop with minimal pain experience.

Flowchart 9.1: Principles of glucometer.
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o The electrons are transferred to and counted at the electrodes

¢ Adetector converts the resulting current to an electronic signal and translates that signal to
its corresponding glucose concentration

o The number of electrons captured by the mediator is directly proportional to the amount
of glucose present in the sample

o Thehigherthe glucose the more the electrons and lower the glucose the fewer the electrons.

Issues to be Considered in Glucose Meter Selection

A glucometer’s accuracy is reflected by how close its readings are to results generated by a
reference method (laboratory method). The latter is assumed to provide “true result” There
is some variation between the glucose level measured in whole blood by glucometers and
that measured by clinical laboratory which measures plasma glucose levels. Due to difference
in solvent volume, plasma values are about 10-15% higher than whole blood values when
hematocrit ranges between 35% and 52%.

Relationship between plasma and whole blood glucose
Plasma glucose = Whole blood glucose/[1.0 — (0.0024 x hematocrit)]

The accuracy of glucometers can be affected by the interfering substances. The accuracy
of SMBG by glucometers has been recommended to produce results within a 20% margin. The
factors which potentially increase the accuracy of SMBG values include:

e The amount of blood on the strip—sample requirement is as small as 0.3 pL

e The glucometer’s calibration to the strip currently in use

« Environmental conditions like altitude, moisture, and temperature. Extreme temperature
and humidity affects the viability of enzymes on the test strip. Extreme temperature also
damage components of the glucometer

e Client-specific conditions like hematocrit level, triglyceride level, and presence of
hypotension. Higher than normal levels of hematocrit in the blood impairs diffusion of the
sample through the test strip or delay the processes (enzymatic reaction and transduction)
involved in the glucometer’s calculation of blood glucose levels. Therefore, high hematocrit
level yields falsely low blood glucose results and low hematocrit level falsely elevates blood
glucose results

e Other substances like uric acid, glutathione and ascorbic acid also interfere with gluco-
meter accuracy

o Contamination or insufficient blood sample due to faulty technique (e.g. unwashed hands,
unclean test strips or glucometers).

Calibration Code

The manufacturing process of the glucometer includes a calibration procedure to ensure that
glucometers produce accurate results. This involves measuring glucose levels from the same
blood sample by both the reference method (laboratory) and glucometer. These results are
compared and a “normalizing factor’, called the calibration code is generated for each batch
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(lot) of test strips. These codes enable the glucometer to adjust its readings to reflect values
close to the reference method. The code number on the glucometer should be changed to
match the strip bottle code.

Plasma samples are 10-12% higher as compared to whole blood samples. Capillary
samples are expected to have 4-30% greater glucose concentration than venous samples. Some
monitors are automatically calibrated to give a “plasma” test result (although whole blood
sample was used) enabling home readings to readily compare with laboratory values. The
literature accompanying the glucometers identifies whether a particular monitor is calibrated
to give plasma or whole blood readings.

Patients must be taught to use and interpret calibration control solutions that are a part of
blood glucose monitoring kit. The control solution is the measured glucose solutions specific
to each monitor and should be used whenever a new bottle of strips is used or whenever the
validity of the reading is in doubt.

Once every 6-12 months, patients should conduct comparison of their glucometer with
simultaneous laboratory measured blood glucose during visit to hospital.

International Diabetes Federation’s (IDF) Recommendations for
Glucose Monitoring in Diabetes

1. SMBG should be considered at the time of diagnosis but should only be used when clients,
their caregivers, and/or their healthcare providers have the knowledge and willingness to
incorporate findings into the diabetes management plan.

SMBG should be considered a part of ongoing diabetes self-management education.
SMBG protocols should be individualized.

Clients and their healthcare providers should agree on how to use SMBG data.

Tools used to measure SMBG must be easy to use and accurate.

AN

Training on Self-monitoring of Blood Glucose

Self-monitoring of blood glucose is an empowering tool that allows patients to be an active
partner in the treatment of diabetes. Achieving the desired level of client and family participation
does require time and effort from the healthcare professional. The diabetes educators involved
in this aspect of management should anticipate a close working relationship with patients and
their family. This helps to refine their techniques and learn appropriate decision making as they
manage their diabetes. It is essential to provide initial training on SMBG, equally important to
evaluate and review techniques of patients who are experienced in self-monitoring. Patients
should be discouraged from purchasing SMBG products that do not provide direct education.
A tendency to discontinue SMBG is more likely to occur when patients do not receive
instructions on using test results to alter treatment regimen. Patients on insulin therapy will
require instructions to use algorithms for insulin dose adjustments based on patterns of
values greater or lesser than the target range and amount of carbohydrate consumption. A
client who is visually impaired, cognitively impaired, or limited in manual dexterity requires
careful evaluation of the degree to perform independent SMBG. The educator has to identify
caregivers or significant others in the family who can assume this responsibility.
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Client Education Guide Self-monitoring of Blood Glucose

1. Wash hands with warm water. It is not necessary to clean the site with alcohol, and it may
interfere with test results. Fingers should dry before puncturing.

2. Ifitis difficult to obtain a drop of blood, warm the hands in warm water or let arms hang
independently for a few minutes before the puncture is made.

3. Use the side of the finger pad rather than the center as fewer nerve endings are along the
side of the finger pad.

4. The puncture should be deep enough to obtain sufficiently large drop of blood.
Unnecessarily deep punctures may cause pain and bruising.

5. Follow monitor instructions for testing the blood.

6. Record results and compare to personal target glucose goals.

Note: Bedside monitoring in hospital will warrant use of alcohol wipes prior to testing. The first
drop of blood is wiped off with a dry cotton swab and the second drop is used for testing.

CONTINUOUS GLUCOSE MONITORING SYSTEM

Hyperglycemia promotes the development of both long-term complications and suboptimal
well-being in patients with diabetes. In our quest to optimize patients’ glycemic control,
there is a trade-off between normalizing blood glucose levels and increasing the risk of
hypoglycemia. Glucometer readings obtained by finger pricks are at best, single “snapshots’,
providing readings at selected times over a 24 hour period. There may be patient bias to choose
to test predominantly at times of low or high blood glucose levels, and when preparing for
review appointments. Continuous glucose monitoring (CGM) enables tracking of blood
glucose levels on continuous basis over 24 hour periods. This would enhance our awareness of
excursions in glucose readings, particularly during nocturnal hours, when hypoglycemia may
go unrecognized. It is designed to continuously and automatically monitor glucose values in
subcutaneous tissue fluid within a range of 40-400 mg/dL. A 2 weeks data of glucose can be
stored in the monitor’s memory and then transferred to a personal computer for analysis.

Continuous glucose monitoring lowers HbA1C without increase in the incidence or severe
hypoglycemic episodes in patients with type 1 diabetes who use the device frequently. Patients
experience a positive quality of life. In pregnant women with diabetes, the results from CGM
help to control in-hospital hyperglycemia, however requires further investigation.

Clinical examples of using CGMS are depicted in Figures 9.2A to C.

Components

The continuous glucose monitoring system (CGMS) has four primary components (Fig. 9.3).

Continuous Glucose Monitor

A portable, pager sized device has a disposable glucose sensor attached which is inserted
subcutaneously. The monitor acquires and stores electronic signals from the glucose sensor
and converts these signals into clinical glucose values that are also stored. The monitor requires
two (AAA) alkaline batteries which approximately last for 2 months.
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Figs. 9.2A to C: (A) CGMS graph showing Somogyi effect; (B) CGMS graph showing dawn phenomenon;

(C) CGMS graph showing asymptomatic multiple hypoglycemias.
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Fig. 9.4: Newer continuous glucose monitoring system (CGMS) devices collect glucose data and send the
data wirelessly to the monitor for real time use or the data can be downloaded to the computer for analysis.

Cable

It provides continuous transmission of electronic signals from the glucose sensor to the
monitor.

Glucose Sensor

Glucose sensor is a small sterile flexible electrode containing the enzyme glucose oxidase.
The electrode is coated with a biocompatible polyurethane polymer for sensor protection and
patient comfort. The electrode is attached to a connector, which adheres to the surface of the
skin and forms a tight connection with the cable. The glucose sensor is inserted just under the
skin using a rigid introducer needle. The needle is then removed and the connector is secured
against the skin with medical dressing.

Com-station

A data downlink communication station is established. Data is downloaded into a database
file, which can be viewed and graphed using a utility program provided with the Com-station.

Measurements can be made every 5 minutes, giving 288 blood glucose readings over a
24-hour-period, or 864 readings over 72 hour. The glucose readings obtained have been
validated against glucose measurements made on capillary blood. Individual glucose sensors
will be worn for a maximum of 3 days. Following each patient use, data stored in the monitor is
transferred to a computer for analysis and interpretation. Up to 14 days of information can be
stored in the monitor (Fig. 9.4).
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Beneficial Scenarios

e During stabilization of patients on insulin pumps
¢ When managing insulin-requiring patients with unstable diabetes
¢ In patients with type 1 or type 2 diabetes during pregnancy.

Limitations

Not recommended for patients with impairment in vision or hearing, because full
recognition of the monitor signal and alarms will be difficult for them

It is very expensive

Inconvenience associated with wearing the device for 3 days.

Warnings/Precautions

Infection, inflammation or bleeding at the glucose sensor insertion site is a possible risk of
CGMS. Glucose sensor should be removed if redness, pain, tenderness or swelling develops at
the insertion site.

SUGGESTED READING

1. ADA. Standards in medical care in diabetes. Diabetes Care. 2015;38(1):S1-93.
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4. Kirk JK, Stegner J. Self-monitoring of blood glucose: practical aspects. ] Diabetes Sci Technol.
2010;4(2):435-9.

SELF-ASSESSMENT

1. 40 years gentleman, a laborer and a known type 2 diabetes mellitus on oral
hypoglycemic agents and insulin has poorly controlled diabetes. Treatment advice
for Mr J will include the following except:

(a) Needshome monitoring of blood glucose and insulin titration
(b) Reinforcement by dietitian
(c) Ideal for starting on CGM
(d) May benefit from inhalational insulin
2. A 26 years old Mrs R, primigravida at 28 weeks of gestation is diagnosed to have
gestational diabetes. Her management will include:
(a) Usingreusable insulin pens
(b) Using disposable insulin pens
(c) Trial of oral antidiabetic agents
(d) Does notrequire home monitoring when started on insulin.
3. All of the following are true regarding use of insulin pens except:
(a) Penshould be turned though 180’ for insulin mixing
(b) Insulin cartridges should be refrigerated when not in use
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10.

(c) After administration, insulin pen should be immediately withdrawn
(d) One needle for insulin pen can be used for a minimum of 5-6 times.

ADA recommends SMBG for the following patients except:

(a) Patient on insulin pump (b) Pregnancy

(¢) Impaired glucose tolerance (d) Hypoglycemia unawareness.
Glucometer using reflectance photometry measures:

(a) Light (b) Electric current

(c) Magnetic energy (d) Electrons.

Glucometers usually measure.

(a) Capillary plasma glucose (b) Capillary blood glucose

(c) Venous plasma glucose (d) Venous blood glucose.

The following patient specific factors can influence glucometer readings:
(a) Total WBC count (b) Blood ketones

(c) Hematocrit (d) Serum creatinine

In gestational diabetes, blood glucose is monitored at:

(a) 2-hour postmeals (b) 1% hour postmeals
(¢) 1hour postmeals (d) 5am postmeals.
Plasma values are higher than blood glucose values by:

(a) 5-10% (b) 15-20%

(c) 20-25% (d) 10-15%.

In CGMS, an individual glucose sensor is worn for:

(a) 24hours (b) 48 hours

(c) 36hours (d) 72hours
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Neuropathy
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“When the night falls my feet-they hurt,
My axonal sheaths-they lose their girth,
My toes-they become insensate,
Walking in dark-I may gyrate.”

Diabetic peripheral neuropathy is the commonest symptomatic complication of diabetes. It involves the presence of
symptoms and/or signs of peripheral nerve dysfunction in people with diabetes. It is a clinical syndrome involving
distinct regions of nervous system.

INTRODUCTION

In an outpatient study conducted in four institutions across India including CMC, Vellore—
the prevalence varied from 14% to 17% using monofilaments. Hence, diabetic neuropathy is
a common complication and depending on what method is used for screening, the prevalence
is fairly significant. Prior to the Diabetes Control and Complications Trial (DCCT) and United
Kingdom Prospective Diabetes Study (UKPDS) era, about 50% of subjects with diabetes
of 20 years duration had symptomatic neuropathy (positive symptoms like pain or burning
sensation, or negative symptoms like numbness and absence of sensation). Asymptomatic
neuropathy was present in about 40% (Fig. 10.1).

DEFINITION
WHO Definition of Neuropathy in Diabetes

The WHO definition for diagnosis of neuropathy is a functional one. It is characterized by a
decline and damage of nerve function leading to loss of sensation, ulceration and subsequent
amputation. The pathogenesis of diabetic neuropathy is largely that of a small vessel disease
or microangiopathy. Diabetic peripheral neural damage is of two types. It could be largely
due to axonal damage and a lesser extent due to demyelination. The axonal damage may be
also associated with subsequent regeneration of the nerve fibers which cross-connect leading
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Fig. 10.1: Incidence of diabetic neuropathy as a proportion of all diabetics 20 years after diagnosis.

to positive symptoms such as paresthesias. There are number of risk factors associated with
the onset of diabetic neuropathy and these include poor glycemic control and the duration
of diabetes. Genetic susceptibility has also been reported in diabetic neuropathy. However,
the genes, which govern the onset of diabetic nephropathy, are far more documented than
those, which govern diabetic neuropathy. A combination of these symptoms with other
exogenous factors like alcohol ingestion may worsen neuropathy and lead to added cofactors
that perpetuate neural dysfunction. More recently, cofactors, such as smoking, increased
low-density lipoprotein (LDL) cholesterol and cardiovascular disease, have been attributed to
cause neural dysfunction.

RISK FACTORS

Poor glucose control

Long duration of diabetes

Damage to blood vessels

Autoimmune factors

Genetic susceptibility

Lifestyle factors:

- Alcohol

- Smoking

- Low high-density lipoprotein (HDL)
- Cardiovascular disease.

SHEE IS

CLASSIFICATION

e Symmetric polyneuropathies
- Sensory or sensorimotor polyneuropathy
- Selective small-fiber polyneuropathy
- Autonomic neuropathy
o Focal and multifocal neuropathies
- Cranial neuropathy
- Limb mononeuropathy



Peripheral Neuropathy

= Compression and entrapment neuropathies
= Nerve infarction
- Trunk mononeuropathy
- Mononeuropathy multiplex
- Asymmetric lower limb motor neuropathy (amyotrophy)
e Mixed Forms

| PATHOGENESIS
Metabolic Hypothesis

Persistent hyperglycemia and insulin deficiency precipitate alteration of the sorbitol pathway,
increased AGE (advanced glycosylated end products) formation, increased oxidative stress
leading onto nerve dysfunction.

Immune Hypothesis

A number of autoantigens that induce immune responses like antiphospholipid antibodies
and autoantibodies to gangliosides have been described in patients with neuropathy in
diabetes.

Microvascular Hypothesis

Microvascular insufficiency due to impaired vasoconstriction and vasodilatation causes
absolute and relative ischemia in the nerves of subjects with diabetic neuropathy.

Neurotrophic Hypothesis

Neurotrophic factors like nerve growth factor (NGF), neurotrophin-3, neurotrophin-4/5 and
insulin-like growth factor (IGF)-1, which are necessary for survival of neurons are deficient
in hyperglycemic individuals.

Oxidative Stress Hypothesis

Increased free radical formation resulting from hyperglycemia causes endothelial cell
dysfunction and neurotoxic effects leading to nerve damage (Fig. 10.2).
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Fig. 10.2: Peripheral nerve damage in diabetes.
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CLINICAL PRESENTATION

There is a common misconception that diabetic neuropathy is a phenomenon limited largely
to the lower limbs, which is not really true. About 40% of patients with diabetic neuropathy
have upper limb involvement in addition and the associated symptoms could be positive
with that of pain, paresthesias and dysesthesias. The diagram in Table 10.1 illustrates the
typical glove and stocking distribution and one should bear in mind that physical examination
should extend up to the thighs and shoulders. It is important to look for motor involvement
like wasting and weakness in the fingers and palms. Small fiber neuropathy is generally less
common, involves the alpha and C fibers and may be burning or stabbing in nature. It tends
to be more severe at night and is basically the opposite of what might happen in a venous
insufficiency wherein the patient may have more pain while standing during the day. Large
fiber neuropathies lead to symptoms like electrical tingling sensation or a snug-like band
around the ankles or feet. The patient may have a sense of imbalance with prominent gait
instability (Fig. 10.2).

A reversible form of neuropathy may occur in recently diagnosed diabetes with predo-
minantly sensory symptoms. It may be difficult to detect unless the clinician is vigilant and
performs regular examination of the feet (Fig. 10.1). Good glucose control usually reverses
the nerve dysfunction.

Acute painful sensory neuropathy may occur with poor glycemic control or with rapid
control of blood sugars. Patients report severe burning deep pain and hyperesthesia in the
feet with accompanying electric shock like sensations in the lower limbs. There may be
accompanying cachexia, weight loss and erectile dysfunction in males. Allodynia may be
the only finding on clinical examination. The staging and types of diabetic neuropathy are
summarized in Tables 10.2 and 10.3.

Symmetric Polyneuropathies

Distal Symmetrical Polyneuropathy (DSPN): There is usually a stocking like distribution of
the sensory deficit in both lower limbs and involves the hands in severe cases. All sensory
modalities may be affected. Ankle reflex may be reduced or absent and wasting of small and
in severe cases large muscles may occur.

o Small fiber neuropathy:

- Acute painful, distinctive variant of DSPN where pain is the outstanding com-
plaint (constant burning, severe hyperesthesia or shock-like sensations) and usually
associated with poor glycemic control

- Chronic painful

- Chronic small fiber.

o Large fiber neuropathy.

Proximal Motor Neuropathy

Focal and Multifocal Neuropathies:
o Cranial neuropathy
e Limb mononeuropathy
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Table 10.1: Distal symmetrical polyneuropathy (DSPN).

Small fiber neuropathy Large fiber neuropathy
Fiber C-fiber type Delta type (A3)
Sensoryloss | 0 to + (Warm thermal perception) 0 to +++ (touch, vibration percep-
Pinprick hypoesthesia tion)—checked with biothesiometer
Light touch sensation 4 and tuning fork (128 Hz)
Monofilament testing—1 and 10 g) { position sense and muscle strength
{ sharp-dull and two-point
discrimination.
Prominent Hyperalgesia-superficial pain (+ to +++) Deep-seated, dull aching pain (+ to
symptoms Constant burning +++)
Allodynia—{ sweating > dryness Sensory ataxia -> falls > minor trauma/
Severe hyperesthesia fractures > ulcers/amputation
Shock-like sensations
Hypoalgesia—late
Areas
affected
Glove and stocking anesthesia
Deformities | None Small muscle wasting of feet >
hammertoes
Motor Absent 0to +++
deficit
Tendon Normal to 4 Normal to J44
reflexes
Risks Foot ulceration >25mV - 7 times more risk for foot
Gangrene ulcers
Charcot arthropathy
Falls and fractures
(because of ataxia and incoordination)

Table 10.2: Staging severity of diabetic polyneuropathy.

Symptoms

Test abnor-
malities

Signs (Sensory impair-
ment on examination,)

Description

NO =

No objective evidence of diabetic
neuropathy

N1 | Asymptomatic polyneuropathy

Nla

N1b

- +

Contd...
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Contd...
Signs (Sensory impair- Test abnor-
Symptoms | ment on examination) malities Description
N2 | Symptomatic polyneuropathy
N2a + +
N2b + + + Plus significant ankle dorsiflexion

weakness

N3 | Disabling polyneuropathy

Table 10.3: Neuropathy disability score.

Neuropathic disability score Right Left

Vibration perception test—tuning fork—128 Hz | Normal = 0
Abnormal =1

Temperature perception—dorsum of foot Normal =0
Abnormal =1

Pin prick Normal =0
Abnormal =1

Ankle jerk Present = 0
Present with reinforcement = 1
Absent =2

o Compression and entrapment neuropathies

e Nerve infarction

¢ Trunk mononeuropathy

e Mononeuropathy multiplex

o Asymmetric lower limb motor neuropathy (amyotrophy)

Cranial Neuropathies

Cranial neuropathies affecting extraocular movements occur more frequently in diabetic
than nondiabetic patients. Patients are usually greater than 50 years of age. The onset is
typically abrupt, and may be painless or associated with a headache. A lesion of oculomotor
nerve (CN III) is the most common single cranial neuropathy in diabetes, often sparing the
pupil. Dysfunction of the trochlear nerve (CN IV) is less common. The abducens nerve (CN
VI) is rarely involved alone, but may be involved with other cranial nerves. While facial palsy
(CN VII) and other cranial neuropathies occur in patients with diabetes, their relationship to
the diabetes is uncertain (Asbury 1987, Thomas and Tomlinson 1993). There is no specific
treatment, although gradual recovery typically occurs.

Limb Mononeuropathies

Compression and entrapment neuropathies are common in patients both without and with
diabetes, and it is uncertain if these are causally related to diabetes. The most commonly
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involved nerve is the median nerve at the wrist (carpal tunnel syndrome). Symptomatic
carpal tunnel syndrome occurs in 11% of patients with type I diabetes and 6% of patients
with type II diabetes. Asymptomatic carpal tunnel syndrome is much more common. Ulnar
neuropathy at the elbow occurs commonly as well. Typically, such neuropathies are slowly
developing lesions characterized by variable amounts of pain and weakness. Treatment
has been empiric, and may be conservative or surgical. The presence of a superimposed
generalized polyneuropathy does not preclude surgical intervention in such patients, but the
degree of polyneuropathy, which is contributing to the patient’s symptoms, must be taken into
account when making decisions regarding surgery. Dysfunction of some nerves may be abrupt
and painful, likely secondary to nerve infarctions. Common examples include the radial nerve
(wrist drop), peroneal nerve (foot drop), femoral nerve (quadriceps weakness) and lateral
femoral cutaneous nerve (“meralgia paresthetica”). Electrodiagnostic tests reveal axon loss.
Recovery typically occurs over months or years, and depends on the extent of axon loss and
the site (proximal vs distal) of the lesion. Distal muscle strength is often recovered incom-
pletely. If multiple nerves are affected in this way, a mononeuropathy multiplex will result.
There is no specific treatment for these abrupt limb neuropathies, though some have advoca-
ted immunomodulating therapy when there is multiple nerve involvement.

Diabetic Truncal Mononeuropathy

This is typically characterized by pain around the abdomen or lower chest. Cutaneous
hyperesthesia may occur, as may abdominal wall weakness. Some cases appear to be a
restricted form of diabetic radiculopathy, and demonstrate paraspinal muscle denervation on
electromyogram (EMG) (Thomas and Tomlinson 1993). Once structural abnormalities have
been ruled out, treatment consists of pain management. Gradual improvement generally
occurs.

Asymmetric Lower Limb Motor
Neuropathy (Diabetic Amyotrophy)

There are many names for this syndrome, including proximal diabetic neuropathy, diabetic
polyradiculopathy, diabetic femoral neuropathy, diabetic lumbar plexopathy and diabetic
lumbosacral plexus neuropathy. Affected individuals have type II diabetes mellitus, and are
usually males greater than 50 years of age. The initial symptom is pain in most patients, usually
in the territory of the lower thoracic and upper lumbar nerve roots. The pain typically is worst
at onset, and gradually subsides. Paresthesia and hyperesthesia are common. Weakness,
generally in the upper legs, commonly follows the pain. Weight loss is common. On examination,
weakness is most common in the L2-1L4 distribution. Thus, the weakness primarily affects the
iliopsoas, quadriceps and adductor muscles, usually sparing hip extensors and hamstrings. The
weakness may be unilateral or bilateral, and when bilateral it is frequently asymmetric. Sensory
loss is mild and mainly distal in most patients, consistent with a coexisting distal sensory or
sensorimotor polyneuropathy. Knee and/or ankle jerks are lost in most patients. Progression
of symptoms and signs occurs over a very variable period of time; as short as 1-2 weeks, and
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as long as a year or more. Most patients experience improvement or resolution of pain or
dysesthesia. Recovery of motor function is often incomplete and usually slower, proceeding for
up to 18 months. Nerve conduction studies often reveal evidence of a sensory or sensorimotor
polyneuropathy. The needle examination typically reveals fibrillations and positive sharp
waves in lower extremity muscles and in thoracic and/or lumbar paraspinal muscles. Most
commonly affected are the L2-L4 levels, although low thoracic and L5-S1 levels are abnormal
in some patients. The etiology appears to be microscopic vasculitis producing nerve ischemia,
with multifocal involvement of lumbosacral roots, plexus and peripheral nerves. This has led
to the recent use of the term “diabetic lumbosacral radiculoplexus neuropathy” to characterize
this type of neuropathy. Typically, no treatment is given other than controlling the diabetes.

Chronic Inflammatory Demyelinating Polyneuropathy

Chronic inflammatory demyelinating polyneuropathy (CIDP) is an acquired immune-
mediated inflammatory disorder of the peripheral nervous system. The disorder is sometimes
called chronic relapsing polyneuropathy (CRP) or chronic inflammatory demyelinating
polyradiculoneuropathy (because it involves the nerve roots). These patients have a chroni-
cally progressive or relapsing symmetric sensorimotor disorder with cytoalbuminologic
dissociation and interstitial and perivascular endoneurial infiltration by lymphocytes and
macrophages. It can be considered the chronic equivalent of acute inflammatory demyelinating
polyradiculoneuropathy, the most common form of Guillain-Barré syndrome. These patients
often present with limb weakness (both proximal and distal) which is often preceded by
an infective illness. A proportion of patients in addition also have sensory and autonomic
dysfunction. CIDP must be treated to prevent accumulating disability that necessitates
physical and occupational therapy, orthotic devices and long-term treatment. The mainstay of
treatment is immunosuppressive or immunomodulatory intervention.

Assessment of DSPN

Severe peripheral neuropathy in the absence of significant retinopathy warrants assessment
for causes other than diabetes.

Nylon Monofilament Test

The Semmes-Weinstein monofilament: The standard American Diabetes Association (ADA)
criteria will mention that it is only necessary to do a 2 g and a 10 g monofilament testing. In
leprosy, up to 300 g may be utilized. Performing a monofilament test is an absolute essentiality
in a diabetic patient on an annual basis. A loss of protective sensation is apparently detected
when a 10 g monofilament cannot be felt; we feel that this is rather late in the course of
the disease. We perform a sliding assessment of 2, 4 and 10 g monofilament assessment.
The monofilament is held at 90° to the skin surface and then slowly bent with just enough
pressure to bend the filament (Fig. 10.3A). Monofilaments out after repetitive use which reduce
their ability to accurately detect peripheral neuropathy (Fig. 10.3B). There is a risk of ulcer formation
if the patient is unable to feel the monofilament.
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Figs. 10.3A to C: Using a monofilament (A) The correct way of applying pressure (For performance of
the 10 g monofilament test, the device is placed perpendicular to the skin, with pressure applied until the
monofilament buckles. It should be held in place for 1 second and then released); (B) Monofilament which
is worn out after use; (C) Incorrect method of applying pressure.

nsimmmant 4y quige nylan
F Iy s mangtdament

Figs. 10.4A and B: The monofilament test should be performed at the highlighted sites while the patient’s
eyes are closed.

Nylon monofilaments are constructed to buckle when a 10 g force is applied; loss of the
ability to detect this pressure at one or more anatomic sites on the plantar surface of the foot
has been associated with loss of large-fiber nerve function. It is recommended that four sites
(1st, 3rd and 5th metatarsal heads and plantar surface of distal hallux) be tested on each foot.
The patient is asked to say “yes” each time he or she feels the filament. Failure to feel the
filament at any of the four sites (Fig. 10.4A) is considered as loss of protective sensation (LOPS).
On using a monofilament there are ideally nine positions on the plantar surface and a tenth
one the dorsal surface for assessing neuropathy (Fig. 10.4B). Failure to feel the filament at four
of the 10 sites (Fig. 10.4A) is 97% sensitive and 83% specific for identifying LOPS.

Color coding for monofilaments:
e 0.5g=Lightblue

e 2.0 g=Purple

e 4.0g=Red

e 10.0g=Orange
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Figs. 10.5A and B: Biothesiometer

QST-Quantitative Sensory Testing

Vibration threshold measurements are typically done using biothesiometry. However,
detection of impairment of vibration sense using tuning fork (128 Hz) is adequate, when a
biothesiometer is not available. The biothesiometer is essentially a glorified tuning fork and
can be used for assessment of vibration in a graded manner using the dial up to a maximum
50 mV. If there is neuropathy, the recording is usually more than 15 mV when it is mild,
more than 25 mV when it is moderate and more than 40 mV when it is severe. In patients
who are elderly beyond the age of 70, one may be permitted to say that there is neuropathy
when the millivoltage is more than 25 mV (Figs. 10.5A and B).

Electrophysiology

Nerve conduction velocity (NCV): It provides a sensitive but nonspecific index of the onset
of DSPN and can trace the progression of DSPN. It is not indicated in all subjects (as it is not
cost-effective or necessary) with diabetes but in selective cases where the etiology of neuro-
pathy cannot be attributed to diabetes mellitus (DM) (example, severe neuropathy in the
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absence of retinopathy). It can clearly differentiate between axonal disease (reduced ampli-
tude of wave transmission) and demyelination (reduced velocity of transmission).

Skin biopsy: In recent times, it has been used as an important minimally invasive and easy
tool to study small nerve fibers that may miss evaluation by nerve conduction studies. Anti-
body staining techniques are used to quantify small epidermal nerve fibers. Such a small nerve
fiber syndrome has been recognized as a part of impaired glucose tolerance and the metabolic
syndrome.

Proximal Motor Neuropathy

It primarily affects the elderly and is of gradual or abrupt onset. It usually begins with pain
in the thighs followed by weakness of the proximal muscles of the lower limbs with inability
to rise from sitting posture. It begins unilaterally and spreads to become bilateral and usually
coexists with distal neuropathy. It has to be differentiated from chronic inflammatory
demyelinating neuropathy, which occurs rarely in subjects with diabetes and is potentially
treatable with immunomodulators.

MANAGEMENT

General Management

Small Fiber Neuropathy

o Daily foot inspection

e Amirror to inspect the soles of the feet
e Microcellular rubber (MCR)

o Shoes should fit well

e Avoid exposure to heat

e Creams for skin drying and cracking

o After bathing, feet should be dried

e Nails should be cut transversely.

Large Fiber Neuropathy

e Gait and strength training: Diabetic patients with large fiber neuropathy have an increased
predisposition to falls due to ataxia, incoordination, weakness and muscle wasting.
Improving muscle strength by high intensity strength training, coordination and balance
by techniques such as yoga helps to reduce falls and resultant fractures

e MCR footwear.

Medical Management of DSPN

Management Aimed at Pathogenesis

Control of hyperglycemia: Good glycemic controls of sugars play an important role in the
management.



182

A Practical Guide to Diabetes Mellitus

Treatment should also aim at control of blood pressure, dyslipidemia and lifestyle
modifications such as exercise and cessation of smoking and alcohol.

Other therapies aimed at pathogenesis are dubious and have not been shown to be of
much help in clinical trials or have not been tried adequately. Many of these include
Aminoguanidine (inhibitor of advanced glycation end products), Benfotiamine is a trans-
ketolase activator that reduces the formation of advanced glycation end products, gamma-
linolenic acid (however not proven to be effective in controlled trials), aldose reductase
inhibitors like epalrestat. These reduce the flux of glucose through the polyol pathway and
inhibit the accumulation of sorbitol and fructose in tissues (by and large not helpful) and
alpha-lipoic acid has been used for its antioxidant properties. However, it is not recommen-
ded to use these in routine practice.

Management Aimed at Symptoms

Superficial—Paresthesia and Dysesthesia

1. Tricyclic antidepressants (amitriptyline): It is one of the common drugs and probably one
of the most cost-effective drugs to be used in DSPN. It is started in the doses of 25 mg
and increased by increments of 25 mg usually up to 75 mg. It causes sedation in many
and cardiac conduction defects in a few. Relatively contraindicated in cardiovascular
disease, prostatic hypertrophy and in narrow angle glaucoma (in the view of the anticholi-
nergic effect). Anticholinergic effects, orthostatic hypotension and erectile dysfunction
limit their usage. They can be used in renal failure.

It is probably the most cost-effective and powerful agent in therapy of painful neuropathy.

Other norepinephrine reuptake inhibitors, such as desipramine and nortriptyline, have

also been shown to be beneficial.

2. Anticonvulsants:

a. Carbamazepine is the other drug commonly used in the symptomatic management of
DSPN. It is used in the doses of 200 to 800 mg per day. In higher doses, it can cause
ataxia. It rarely causes Stevens-Johnson syndrome.

It is especially useful in patients with shooting or electric shock like pain.

b. Gabapentin: With a minimum dosage of 300 mg/day up to 1800 mg/day.

Gabapentin has been shown to improve sleep, which may be impaired in a patient with
chronic pain.

In short, anticonvulsants have a major impact on neuropathy. However, sodium
phenytoin should be avoided since it may worsen hyperglycemia.

c. Pregabalin: This agent has been found to be marginally superior to gabapentin.
Pregabalin and gabapentin have a similar mechanism of action in that they bind to a
subunit of the voltage-sensitive calcium channel and thereby decrease calcium influx
at nerve terminals modulating neurotransmitter release.

Pregabalin is used in dosages of 150-600 mg/day. Dizziness, somnolence and peripheral
edema are frequently reported adverse effects. Sustained release forms of pregabalin
are now available in the market.

d. Topiramate has shown promising results in trials with an effect on causing growth of
intraepidermal nerve fibers and is used in a dose of 25-50 mg per day.
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Class Examples Doses
Tricyclic drugs Amitriptyline 10-75 mg at bedtime
Nortriptyline 25-75 mg at bedtime
Imipramine 25-75 mg at bedtime
Anticonvulsants Gabapentin 300-1200 mg BD
Carbamazepine 200-400 mg TID
Pregabalin 100 mg BD
5-HT and norepinephrine reuptake inhibitor | Duloxetine 60-120 mg OD
Substance P inhibitor Capsaicin cream 0.025-0.075% TID
Antipyretics Paracetamol 500-2500 mg
Semisynthetic opioids Tramadol 50-100 mg

Besides the above list of drugs, analgesics, NSAIDs and opioids are also used in addition to treat sympto-
matic painful neuropathy, however no advantage of NSAID’s over paracetamol has been noted.

3. Selective serotonin reuptake inhibitor (SSRI) and Serotonin-norepinephrine reuptake
inhibitors (SNRIs): Fluoxetine has some impact on neuropathic pain. However, more
recently duloxetine has been found to be more effective.

Duloxetine hydrochloride is a selective and potent norepinephrine and serotonin reuptake
inhibitor in the brain and spinal cord that has been approved in the treatment of painful
neuropathy.

Deep-seated Pain

o Opioid derivatives: Tramadol in combination with acetaminophen is effective in curbing
pain and is less addictive than other opioid derivatives.

e Transcutaneous electrical nerve stimulation (TENS): It is effective in therapy of deep-seated
pain.

e Local application of capsaicin ointment: In randomized trials, it is found to be useful as an
adjuvant therapy.
The drugs used to treat DSPN are summarised in Table 10.4.

Nonpharmacological Treatment of Diabetic Neuropathy

Whilst pharmacotherapy is the mainstay of therapy for the relief of painful diabetic neuropathy
(PDN), alternative nonpharmacological treatments, such as acupuncture, TENS, spinal cord
stimulation, percutaneous electrical nerve stimulation (PENS), low-intensity laser therapy
(LILT) and monochromatic infrared light are used in patients who are unresponsive or cannot
tolerate pharmacotherapy; however, the evidence for these approaches is limited and needs to
be carefully reviewed (Table 10.5).

Transcutaneous Electrical Nerve Stimulation

In a study of diabetic patients with mild to moderate neuropathic pain, TENS showed an
improvement in pain, numbness and allodynia. Another study showed cyclic doses of electrical

183
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Table 10.5: Nonpharmacological symptomatic treatment options for diabetic neuropathy.

Mechanism of effect | Type of treatment Comment

Physical therapy Transcutaneous electrical nerve stimulation (TENS) Useful
Electrical spinal cord stimulation Highly invasive

Limited data

Percutaneous electrical nerve stimulation (PENS) Limited data
Magnetic field therapy Limited data
Low-intensity laser therapy (LILT) Limited data
Monochromatic near-infrared treatment (MIRE) Limited data
Dressings Limited data
Electroacupuncture Limited data

Others Psychological support Limited data

Source: Adapted from Tavakoli et al Ther Adv Endocrinol Metab. Apr 2010; 1(2): 69-88.

stimulation through a contact-stocking electrode may be effective in alleviating neuropathic
pain. However, pain relief was maintained after discontinuation of therapy, questioning the
direct efficacy of this treatment and invoking the ‘placebo effect’ In a recent analysis from the
American Academy of Neurology, the effectiveness of TENS was assessed from two Class II
studies and given a Level B recommendation for the treatment of PDN. We commonly use this
form of therapy and find it highly effective in reducing pain in refractory cases.

Electrical Spinal Cord Stimulation

Spinal cord stimulation has been used over the last 40 years and the original idea was
pioneered in the late 1960s by Dr Norman Dhealy, a neurosurgeon, who implanted the first
dorsal column stimulator in a patient suffering from terminal metastatic cancer. Currently, it is
widely used for the management of different types of chronic neuropathic or intractable pain.
A simplistic explanation for the mode of action of electrical spinal cord stimulation (ESCS) is
that of the production of an electrical field on the dorsal horns of the spinal cord. However,
recent data generated in an experimental mononeuropathy model using tactile thresholds has
demonstrated that ESCS may activate the descending serotonergic pathways, thus inhibiting
spinal nociceptive processing. Two small studies have shown ESCS to be effective in 6/10
patients with chronic intractable PDN, to achieve relief within 3 months of implantation
followed by continued relief for a mean of 3.3 years in the six patients who achieved an initial
response. The expense and invasive nature preclude recommendation as a routine option for
treatment.

Percutaneous Electrical Nerve Stimulation

Three weeks of treatment with PENS showed a significant improvement in neuropathic pain
for more than 6 months, questioning the direct benefit of this treatment and again raising
the intriguing role of the ‘placebo effect! In addition to decreasing extremity pain, PENS
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therapy improved physical activity, sense of well-being and quality of sleep while reducing the
requirement of oral nonopioid analgesic medication.

Magnetic Field Therapy

Magnetic field therapy (MFT) has been employed in a range of medical problems including
arthritis, chronic pain, wound healing, insomnia and headaches. Static MFT delivered by
wearing a constant multipolar sole in the shoe significantly reduced neuropathic pain in a
multicenter parallel group study. However, pulsed low-frequency electromagnetic fields
delivered in a repetitive and cumulative manner failed to show a benefit in neuropathic pain.

Lowr-intensity Laser Therapy

Low-intensity laser therapy (LILT) has been shown to be beneficial in several pain models
including patients with neuropathic pain. The exact mechanism of pain relief is not established
but increased release of serotonin and endorphin as well as anti-inflammatory effects has
been suggested. There is only one clinical trial in which the administration of biweekly therapy
over 4 weeks in 50 diabetic patients showed a reduction in weekly mean pain scores.

Monochromatic Near-infrared Treatment (MIT)

Several studies have shown that temporary application of monochromatic near-infrared photo
energy (MIRE; Anodyne Therapy System) increases foot sensitivity and reduces neuropathic
pain and this has been attributed to the release of nitric oxide.

Electroacupuncture

Acupuncture, developed in Chinese medicine in the fifth century BC was first brought into
Europe in the 17th century. Its major attraction is that it is relatively inexpensive, painless and
free from side effects. A recent modification of this ancient therapy, electroacupuncture (EA)
hasbeen shown to be efficacious via the release of anumber of neuropeptides depending on the
frequency of stimulation, with 2 Hz releasing enkephalin, beta-endorphin and endomorphin,
whilst 100 Hz releases dynorphin.

Exercise

Specific exercise, such as Tai Chi Chuan has been shown to improve fasting blood glucose and
peripheral NVCs in patients with type 2 diabetes. Patients with mild to moderate neuropathic
pain have demonstrated an improvement in symptoms after 30-40 minutes of yoga for 40 days.
In a study of 149 patients with type 2 diabetes, 40 days of yoga therapy improved blood glucose
in 104 patients, particularly those with a short duration of diabetes and good glycemic control.

Psychological Therapy

Depression among diabetic patients is reported to be almost twice in comparison to
nondiabetic patients. In a recent longitudinal study, neuropathy itself has been shown to be a
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Flowchart 10.1: Algorithm for management of diabetic peripheral neuropathy.
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Source: Figure modified from Medscape—endocrine practice, 2007 American association of clinical endo-
crinologists.

(B12: Vitamin B12; BUN: Blood urea nitrogen; CIDP: Chronic inflammatory demyelinating polyneuropathy;
EMG: Electromyogram; GM1 antibodies: Ganglioside GM1 antibodies; NCV: Nerve conduction velocity
studies; NIS: Neurologic impairment score (sensory and motor evaluation); NSS: Neurologic symptoms
score; QAFT: Quantitative autonomic function tests; QST: Quantitative sensory tests; TSH: Thyroid-stim-
ulating hormone).

risk factor for depressive symptoms by generating pain and unsteadiness, with the latter being
particularly related to a perception of diminished self-worth due to an inability to perform
normal social roles. Thus, psychological treatment may be another nonpharmacological
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treatment for this group of patients and has been shown to have a positive effect on the quality
of life and emotional well-being in diabetic patients. It is also important to identify depression
and treat that independently.

Focal Neuropathies

Mononeuropathy

e Usuallyin older population
Generally acute with pain

It can involve truncal and cranial nerves (III and VI)
Self-limiting and resolving in 6-8 weeks

Usually due to vessel occlusion

Treatment: Symptomatic for pain and physiotherapy.

Entrapment Neuropathy

Starts slowly and progresses slowly.

Commonly involves median (carpel tunnel), ulnar, radial, femoral and lateral cutaneous
nerve of thigh.

Treated with splints, NSAIDs, local injection

In some cases surgery to decompress.

The therapeutic algorithm to manage diabetic neuropathy is summarised in Flowchart 10.1.

CONCLUSION

Diabetic peripheral neuropathy is an important complication of uncontrolled hyperglycemia
in diabetes needs careful evaluation and assessment. Measures like good metabolic control,
patient education and emphasis about foot care play a vital role in preventing foot ulcers and
complications like amputations.

SUGGESTED READING

1. Thomas N. Reversibility of neuronal damage in diabetes: the search for a newer therapeutic para-
digm. Indian J Med Sci. 2009;63(4):129-30.

2. Viswanathan V, Thomas N, Tandon N, et al. Profile of diabetic foot complications and its associated
complications—a multicentric study from India. J] Assoc Physicians India. 2005;53:933-6

SELF-ASSESSMENT

1. All of the following medications are used in the treatment of diabetic neuropathy

except:
(a) NSAID (b) Carbamazepine
(c) Capsaicin (d) Gabapentin

(e) None of the above
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2.

All of the following are symptoms of diabetic neuropathy except:
(a) Numbness or insensitivity to pain or temperature

(b) Tingling, burning or prickling sensation

(c) Sharp pains or cramps (d) Tremors

(e) Loss of balance and coordination

Signs of diabetic neuropathy include:

(a) Muscle weakness (b) Loss of reflexes

(c) Changes in gait (d) Collapse of midfoot

(e) None of the above

Diabetic neuropathy can present as any of the following except:
(a) Diarrhea (b) Urinary retention

(c) Weakness of lower limbs without pain

(d) Burning sensation in a band of area in chest

(e) None of the above

The protective sensation of the foot is absent in diabetic patients:
(a) When the patients complain of pain following injury

(b) When the patient does not appreciate 10 g monofilament testing
(c) When the patient complains of slipping of chappals while walking
(d) All the above.

Tuning fork used to test vibration sense is:

(a) 128Hz (b) 256 Hz

(c) 512Hz (d) 126Hz

The biothesiometer measures:

(a) Visual perception threshold

(b) Vibration

(c) Touch pressure sensation

(d) Continuous long fiber stimulatory sensation (CLFSS)

(e) Autonomic dysfunction

In a patient with diabetic neuroarthropathy of the feet, which of the following
exercises would be the safest?

(a) Skipping (b) Jogging

(c) Swimming (d) Treadmill

(e) None of the above.

A 44-year-old patient with diabetes of 12 years duration presents with burning
sensation over the feet, which is accentuated at night. All of the following are true
except:

(a) Amitriptyline is highly effective in treating these symptoms

(b) Demyelination is a feature of this condition

(c) Tramadol may not be as effective as Amitriptyline in treating this sort pain
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(d) Methylcobalamin tablets are effective in ameliorating nerve regeneration
(e) Pregabalin has only a marginally better effect than gabapentin in treating such
patients with pain.

A 55-year-old gentleman who is a known patient with type 2 diabetes for 15 years
presented with a history of inability to sleep at night due to persistent pricking
sensation of both his feet which was worrying over 6 months. On examination, his
feet were normal, monofilament recorded 10 g in both feet and biothesiometer read
40 volts bilaterally. Both fundi showed severe nonproliferative diabetic retinopathy
(NPDR). Systemic examination was normal. He has been on Glibenclamide 10 mg
twice daily and Metformin 1 g thrice daily. His HbAlc was more than 12%. All of the
following are true except:

(a) Peripheral neuropathy is an indication to start him on insulin

(b) Best option is to add another oral hypoglycemic agent for better control of his
sugars

(c) MCR footwear should be ideally prescribed for his neuropathy

(d) He might require long-term insulin therapy

(e) Severe NPDR is an indication for insulin therapy
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Feet, Foot Care and
Neuroarthropathy

PART A: FOOT CARE AND NEUROARTHROPATHY

Tlukhabandhu [aik, Bharalhi S, Sunitha R, [1dUlin SteChen, Jubbin Jagan Jacob, [lihal Thomal

“Cutting nails and washing feet are mundane things as such,
Checking between toes for fungus is not very much,
The hardened callus on the sole can problems aggravate,
But much beyond that problem may make it ulcerate.”

Foot problems are a leading cause of hospitalization for patients having diabetes mellitus all over the world.
Foot ulcers in diabetes precede 85% of nontraumatic lower-extremity amputations (LEAs). Fifteen percent
develop foot ulcers during their lifetime. The risk of LEA increases by a factor of 8 once an ulcer develops.
Approximately 3-4% of individuals with diabetes have foot ulcers or deep infections. Individuals who develop
foot ulcers have a decidedly decreased health-related quality of life and consume a great deal of healthcare
resources. Neuroarthropathy is a frequently missed diagnosis and a focus in this area of medical education
has never been optimal despite its frequency of presentation.

INTRODUCTION

The vast majority of diabetic foot related complications resulting in amputation can be preven-
ted by early detection and appropriate treatment of these ulcers by the primary caregiver.
Unfortunately, several studies have found that primary care physicians infrequently perform
foot examinations in diabetic patients during routine visits to the hospital.

ULCERATION
Etiology of Foot Ulceration

The etiology of diabetic foot ulcers is usually multifactorial. Majority of diabetic foot ulcers
are due to the critical triad of peripheral sensory neuropathy, trauma, and deformity. Other
factors in ulceration are ischemia, infection, callus formation, and edema. Infection plays a
major role in countries like India where bare foot walking is prevalent. Many of the risk factors
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for foot ulcer are also predisposing factors for amputation, because ulcers are the primary

causes leading to amputation. Recognized risk factors for diabetic foot ulceration and LEA

are as follows:

o Absence of protective sensation due to peripheral neuropathy

e Arterial insufficiency

o Foot deformity and callus formation resulting in focal areas of high pressure

e Autonomic neuropathy causing decreased sweating and dry, fissured skin

e Limited joint mobility

e Obesity

o Impaired vision

o Poor glucose control leading to impaired wound healing

o Poor footwear that causes skin breakdown or inadequate protection from high pressure
and shear forces

o History of foot ulcer or LEA.

Pathobiology of Foot Ulceration

Neuropathy whether sensory, motor or autonomic may lead to ulceration through various
mechanisms.

Diabetic foot ulceration occurs through either of the two pathways described in Figures
11.1and 11.2.

o Fissures + Infection + Abscess = Ulcer
e Pressure/Trauma + Dermal Callus + Dermal Hematoma = Ulcer.

Pressure over bony prominences often has been cited as the cause for skin breakdown
in patients with diabetes. Pressure could be either minimal over a long time, as in an ill-fitting
shoe, or large over a short period of time, as in stepping on a sharp object. Skin breakdown
occurs at far lesser loads when the pressure is applied by shear forces. The accompanying
loss of protective sensation prevents the patient from being warned that intolerable loads
have been applied. This leads to blister formation and full-thickness skin loss. The process is
heightened in the presence of severe venous edema, which further lowers the injury threshold.
Shoes become tight due to swelling, thus increasing the direct pressure and shear forces
applied to skin overlying bony prominence. Thickened hypertrophied nails increase pressure to
the soft tissues surrounding the nails. The common result is tissue failure and ulcer formation.

Once the skin barrier is broken, wound healing can be impaired by abnormally functioning
white blood cells. These patients are often malnourished. Many have marginal vascular supply,
with less ability to achieve resolution of infection and achieve wound healing.

Structural Deformity and Limited Joint Mobility

Foot deformities, which are common in diabetic patients, lead to focal areas of high pressure.
When an abnormal focus of pressure is coupled with lack of sensation, a foot ulcer can develop.
Most diabetic foot ulcers form over areas of bony prominences, especially when bunions,
calluses or hammer-toe formations lead to abnormally prominent bony points. Foot defor-
mities are believed to be more common in diabetic patients due to atrophy of the intrinsic
musculature responsible for stabilizing the toes.
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Fig. 11.1: Callus story (Origin: Motor).
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Fig. 11.2: Fissure story (Origin: Dysautonomia).

Rigid deformities or limited range of motion at the subtalar or metatarsophalangeal joints
have also been associated with the development of diabetic foot ulcers. Other mechanisms
of skin breakdown in the insensate diabetic foot include puncture wounds and thermal injuries
from, e.g. walking barefoot in the midafternoon (Fig. 11.3).

Evaluation of a Foot Ulcer in Diabetes

A thorough evaluation of any ulcer is critical to plan management. An adequate description
of ulcer characteristics, such as size, depth, appearance, and location, is important for mapp-
ing the progress during treatment (Fig. 11.4A).

After describing the dimensions and appearance of the ulcer, the ulcer should be probed
with a blunt sterile probe (Fig. 11.4B). Gentle probing can detect sinus tract formation, under-
mining of ulcer margins, and dissection of the ulcer into tendon sheaths, bone, or joints.
A positive probe-to-bone finding has a high predictive value for osteomyelitis. Failure to
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Fig. 11.3: Usual locations of ulcers in the diabetic foot. Ulceration is particularly likely to occur over the
dorsal portion of the toes and on the plantar aspect of the metatarsal heads and the heel.

Figs. 11.4A and B: (A) Describing an ulcer: A thorough evaluation of any ulcer is critical in deciding
management. Examining the ulcer characteristics such as size, depth, appearance and location aids in
management. (B) Probe test: Gentle probing using a blunt sterile probe has high sensitivity for detecting

underlying osteomyelitis.

diagnose underlying osteomyelitis often results in failure of wound healing. The existence of
odor and exudates, and the presence and extent of cellulitis must be noted.
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Limb-threatening infections can be defined by (1) cellulitis extending beyond 2 cm from
the ulcer perimeter, (2) deep abscess, (3) osteomyelitis, (4) critical ischemia. Aerobic and
anaerobic cultures should be taken when signs of infection, such as purulence or inflammation,
are present. Cultures are best taken from purulent drainage or curetted material from deep
within the wound. Fungal infections are common in the diabetic foot and should be attended
to when examining the feet (Figs. 11.5A and B).

Classification of Diabetic Foot Ulcers

The classification system developed by Wagner and modified by Brodsky is commonly
followed. The classification along with the management plan is given in Table 11.1.

Figs. 11.5A and B: Examining the interdigital area is important to look for fungal infestation. (B) Fissuring
with fungal infestation. A thorough examination is vital as most fungal infestations are symptom free.

Table 11.1: Depth-ischemia classification of diabetic foot lesions.

Depth classification | Definition Treatment

0 At-risk foot, no Patient education, accommodative footwear, regular
ulceration clinical examination

1 Superficial ulcera- Offloading with total contact cast (TCC), walking brace
tion, not infected or special footwear
Deep ulceration . . .

P . Surgical debridement, wound care, offloading,

2 exposing tendons or . T
L culture-specific antibiotics
joints

3 Extensive ulceration |Debridement or partial amputation, offloading,
or abscess culture-specific antibiotics

Ischemic classification

A Not ischemic

B Ischemia without Noninvasive vascular testing, vascular consultation if
gangrene symptomatic
Partial (foref .

C autigll {foreiive) Vascular consultation
gangrene
Complete foot . . . .

D Major extremity amputation, vascular consultation
gangrene

Source: Brodsky J. The Diabetic Foot. In: Coughlin MJ, Mann RA (Eds). Surgery of the foot and ankle. St.
Louis: Mosby Inc.; 1999. p. 911.
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Treatment of Foot Ulcer in Diabetes

The primary goal in the treatment of diabetic foot ulcers is to obtain wound closure. Manage-
ment of the foot ulcer is largely determined by its severity (grade) and vascularity, and the
presence of infection. A multidisciplinary approach should be employed because of the
multifaceted nature of foot ulcers and the numerous comorbidities that can occur in these
patients.

Role of Debridement

The mainstay of ulcer therapy is debridement of all necrotic tissues, calluses, and fibrous tissue.
Unhealthy tissue must be sharply debrided back to bleeding tissue to allow full visualization
of the extent of the ulcer and detect underlying abscesses or sinuses. Topical enzymes
have not been proved effective for this purpose and should only be considered as adjuncts to
sharp debridement. Soaking ulcers is controversial and should be avoided because the
neuropathic patient can easily be scalded by hot water (Figs. 11.6A to F).

Although numerous topical medications and gels are promoted for ulcer care, relatively
few have proved to be more efficacious than saline wet-to-dry dressings. Topical antiseptics,
such as povidone-iodine, are usually considered to be toxic to healing wounds. Generally, a
warm, moist environment that is protected from external contamination is most conducive
to wound healing. This can be provided by a number of commercially available special
dressings, including semipermeable films, foams, hydrocolloids, and calcium alginate swabs
(Figs. 11.7A to E).

Role of Antibiotics

When infection is present, aerobic and anaerobic cultures should be obtained, followed by
initiation of appropriate broad-spectrum antibiotic therapy. Antibiotic coverage should sub-
sequently be tailored according to the clinical response of the patient, culture results, and
sensitivity testing. Surgical drainage, deep debridement, or local partial foot amputations are
necessary adjuncts to antibiotic therapy of infections that are deep or limb-threatening.
Underlying osteomyelitis is frequently present in patients with moderate to severe infec-
tions and requires aggressive bony resection of infected bone and joints followed by 4-6 weeks
of culture-directed antibiotic therapy. The presence of deep infection with abscess, cellulitis,
gangrene, or osteomyelitis is an indication for hospitalization and prompt surgical drainage.

Role of Amputation

The concept of function-preserving amputation surgery is vital to diabetic foot management.
Partial and whole foot amputations frequently are necessary as treatment for infection or
gangrene. The goal of treatment is preservation of function, not just preservation of tissue.
Amputation surgery should be the first step in the rehabilitation of the patient. The principle
of direct construction of a residual limb for weight bearing with prosthesis, when performing
debridement or partial foot amputation should be employed.

The major value of partial foot amputation is the potential for retention of plantar load-
bearing tissues, which are uniquely capable of tolerating the forces involved in weight bearing.
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Figs. 11.6A to F: Diabetic foot problems. (A) Charcot’s foot with neuropathic ulcer: The lack of protective
sensation combined with foot deformities exposes the foot to undue sudden or repetitive stress that leads
to eventual ulcer formation; (B) Abscess: Presenting with pain, swelling and pus discharge with obvious
signs of infection. It needs thorough drainage and exploration as these can often extend deeper along
the fascial planes; (C) Wagner’s grade 2B ulcer; (D) Wet gangrene: Wet gangrene usually develops due
to blockage of venous and/or arterial blood flow. The affected part is saturated with stagnant blood which
promotes the rapid growth of bacteria; (E) Dry gangrene: Dry gangrene begins at the distal part of the limb
due to ischemia. Macroscopically, the affected part is dry, shrunken and dark black, resembling, mummified
flesh. The dark coloration is due to liberation of hemoglobin from hemolyzed red blood cells which is acted
upon by hydrogen sulfide produced by the bacteria, resulting in formation of black ferrous sulfide that
remains in the tissues; (F) Necrotizing fasciitis: Necrotizing fasciitis is an infection of the deeper layers of
the skin and subcutaneous tissues, easily spreading across the fasciae within the subcutaneous tissue.
Many types of bacteria can cause this condition, the most common being group A streptococcus.
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Figs. 11.7A to E: Diabetic foot problems—preprocedure and postprocedure. (A) Fissures before and after
debridement; (B) Ulcer before and immediately after paring; (C) Ulcer before and 1 week after paring;
(D) Ulcer in the medial malleolus before and 1 month after paring; (E) A patient with ulcer in the stump
after transmetatarsal amputation (picture on the right) was offloaded with patellar tendon bearing orthosis
(middle picture). The ulcer shows good healing after 3 months (picture on the left).

The soft tissue envelope should be capable of minimizing these forces. The use of split-thickness
skin grafts in load-bearing areas should be avoided. Deformity should be avoided as much as
possible. Tendo-Achilles lengthening to avoid equinus deformity and increased loading of the
residual forefoot in partial foot amputations is beneficial. Retention of a deformed foot with
exposed bony prominence leads only to decreased walking ability and recurrent ulceration.

History of Previous Ulceration and Amputation

A patient with diabetes and a history of previous ulceration or amputation is at increased
risk for further ulceration, infection and subsequent amputation. Alterations in foot dynamics
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due to ulceration, joint deformity or amputation can cause the abnormal distribution of
plantar pressures and result in the formation of new ulcers.

Prevention

Prevention of an initial or subsequent foot lesion is crucial in preventing the progression to
amputation. The best approach is to make use of a team of multidisciplinary professionals
who are committed to limb salvage. Centers that have instituted teams specifically for this
purpose have subsequently reported dramatic reductions in LEA and improved rates of
primary-ulcer healing. Patient education has a central role in treatment and should include
instruction on foot hygiene, daily inspection, proper footwear, and the necessity of prompt
treatment of new lesions.

Regular foot-care examinations, including debridement of calluses and ingrown toenails,
provide an opportunity to reinforce appropriate self-care behaviors and allow for early detec-
tion of new or impending foot problems.

Care of calluses and fissures with a goal to prevent progression to ulcer should be
emphasized. The patient can be advised to rub pumice stone in one direction after a shower
or bath or after soaking the foot in lukewarm water for about 10 minutes. Six percent salicylic
acid topical application can be used over these areas. If the callus is thick a scalpel may be used
to trim it down.

Care of toenails is an important aspect of care of the diabetic foot that is often neglected
by both physicians and patients. The patient should be advised to soak feet in lukewarm water
for about 10 minutes which softens the nails. The nails should be trimmed straight across
and then the corners filed so that no nail is left hanging off. Thick toenails may have to be
filed down with an emery board. Thicker toenails may have to be clipped with toenail clipper
or razor.

The patient who wears shoes should be asked to choose woolen or cotton socks over nylon
socks. Nylon socks do not absorb sweat which could hamper foot care in the diabetic. The
socks should not be very tight around the top as this could block circulation and cause swelling
and softening of the feet. Care should be taken to see that the socks do not wrinkle inside the
shoes which could cause pressure points. Therapeutic shoes with pressure-relieving insoles
are an essential element of ulcer prevention and have been associated with significant reduc-
tions in their development.

NEUROARTHROPATHY

Distal symmetric polyneuropathy is the most common complication affecting the lower extre-
mities of patients with diabetes mellitus. This lack of protective sensation, combined with foot
deformities, exposes the foot to undue sudden or repetitive stress that leads to eventual ulcer
formation with a risk of infection and possible amputation.

Autonomic neuropathy has several common manifestations. First, denervation of dermal
structures leads to decreased sweating. This causes dry skin and fissure formation, which
predispose the skin to infection. In patients with adequate vascular competence, this “autosym-
pathectomy” may lead to increased blood flow, which leads to the development of Charcot’s
joint and severe foot deformity.
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The Semmes-Weinstein monofilament test is a simple outpatient investigation to diagnose
patients at risk for ulcer formation due to peripheral sensory neuropathy.

The clinical presentation of Charcot arthropathy can vary widely depending on the stage
of the disease. Thus, symptoms can range from mild swelling and no deformity to moderate
deformity with significant swelling.

Acute Charcot arthropathy almost always presents with signs of inflammation. Profound
unilateral swelling, an increase in local skin temperature, erythema, joint effusion, and bone
resorption in an insensate foot are present. The local elevation in skin temperature generally
is 3-7° when compared to the unaffected foot. These characteristics, in the presence of intact
skin and loss of protective sensation, are often pathognomonic of acute Charcot arthropathy.
This can be often mistaken for acute cellulitis and treated wrongly.

Pain can be present in a significant proportion of patients (up to 30%); however, the
severity of pain is significantly less than would be expected based on the severity of the clinical
and/or radiographic findings. Instability and loss of joint function also may be present. Passive
movement of the joint may reveal a “loose bag of bones.” Approximately 40% of patients with
acute Charcot arthropathy have concomitant ulceration, thereby complicating the diagnosis
and raising concern for osteomyelitis.

Understanding the pathobiology of neuroarthropathy requires a basic understanding of
the anatomical structure of the arches of the foot (Fig. 11.8).

Diabetic neuroarthropathy can be classified according to Sanders and Mrdjencovich
(Fig. 11.9).

Investigations (Table 11.2)
Plain Radiography

Plain radiographs are useful to
o Stage the disease
o Determine if active disease is present or if the joint is stable (Monitor serial radiographs)
o Identify osteopenia, periarticular fragmentation of bone, subluxations, dislocations, frac-
tures, and generalized destruction.
Here are some radiological examples of the various types of Charcot’s arthropathy.
Quite naturally, mixed forms may occur in the same patient.
Pattern 2 neuroarthropathy (Fig. 11.10A) is the most common form. The ideal X-ray that
should be taken is an antero-oblique-lateral view; the standard anteroposterior (AP) view may
lead to overlap of the heads of the metatarsals which could obscure dislocations and fractures.

Table 11.2: Efficacy of currently available investigations of Charcot’s neuroarthropathy.

Investigations Sensitivity Specificity
Plain film X-ray 60% (28-93) 66% (50-92)
99mTc-3 phase bone scan 70-90% 38-79%
111-INDIUM WBC scan 80-100% 70-90%
MRI 88-99% 83%

(WBC: White blood cell; MRI: Magnetic resonance imaging; 99mTc: Technetium-99m).
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Fig. 11.8: Arches of the foot.




I
Feet, Foot Care and Neuroarthropathy 201

i
ot i |

[hatal - - i .
phaangas i 2

Frn:-.mul——q—r- _.'r,. - M il

(b bt = plwlingies

Fe

Fersd —-—-:-- y
mistisiatial

::.lnl‘vﬂhﬂlﬂﬁ‘

Metsiseale

| « Pasgm 1 — Foretoot i i il - Cutwoid
[ * Potiom 2 - Lighanc’s joint i
| * Pafterm 3 - Lesser tarsus Taibies
| + Patterm 4 - Ankle ' 4
= Paklaen 5 - Calearsie of posbenion e 5 R —

pllar

Fig. 11.9: Anatomical classification of neuroarthropathy.

Pattern 4 (Fig. 11.10B) involves the classical neuroarthropathy with descent of the talo-
navicular joint.

Loss of joint position and joint position sensation leads to friction between bones and
joints. This leads to atrophy or sclerosis of bones. The picture (Fig. 11.10C) shows pattern 1
neuroarthropathy with atrophy of the distal bones of the feet.

The X-rays (Fig. 11.10D) show pattern 3 and 4 disease with sclerosis (predominantly
hypertrophic) to diagnose early pattern 4 disease, a standing lateral X-ray may be taken to
identify early collapse of the arch of the foot. Two angles may be measured to identify early
collapse.

In the X-ray (Fig. 11.11A), Meary’s angle is measured. If greater than 90°, it is pathological

In the X-ray (Fig. 11.11B), the calcaneal pitch is measured, if it is less than 17°, it is
pathological. The X-ray below shows clear evidence of a collapse of the longitudinal arch.

The X-ray (Fig. 11.12) shows advanced disease with a “rocker-bottom” foot deformity.
There is collapse of the arch and gross descent of the talus.

There is also significant pattern 2 and 3 disease.

Mearys angle (Mearys line): It is also known as lateral talo-first metatarsal angel. This angle
is formed between the long axis of the talus and first metatarsal on a weight-bearing lateral
view. This is measurement is used to determine collapse in the longitudinal arch of the foot.
The collapse can occur at talolonavicular joint, naviculo-cuneiform, or cuneiform-metatarsal
joints. In the normal weight-bearing foot, the midline axis of the talus intersects with midline
axis of the first metatarsal. Normally Mearys angle is 0° If the Meary’s angle is greater than
90°, it is considered pathological.
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Figs. 11.10A to D: (A) Neuroarthropathy pattern 2 Lisfranc’s dislocation; (B) Neuroarthropathy pattern 4;
(C) Neuroarthropathy predominantly atrophic; (D) Neuroarthropathy predominantly hypertrophic.
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Figs. 11.11A and B: (A) Measurement of Meary’s angle; (B) Measurement of calcaneal pitch.

Lipright -ray

Fig. 11.12: “Rocker-bottom” foot deformity.

The Calcaneal pitch: It is an angle drawn between two lines. The first line is drawn from
the plantar-most surface of the calcanium to the inferior border of the distal articular surface
and second is a transverse plane and the line is drawn from the plantar surface of the calcaneus
to the inferior surface of the 5th metatarsal head. The normal range of calcaneal pitch is
18-20°. The calcaneal pitch of less than 17 is considered pathological.

Bone Scan (Fig. 11.13)

o It is used to differentiate between Charcot joint and osteomyelitis. But the results are
frequently ambiguous

e Indium-111 white blood cell (WBC) scan is used because it is more specific than the
technetium-99 for detecting osteomyelitis. The technetium-99 scan can show positivity
even in the presence of Charcot’s arthropathy

o Does not differentiate septic inflammation

« Bilateral disease favors neuropathic disease

e The WBC scan is a triple-phase bone scan often used to help confirm diagnosis of
osteomyelitis (positive in all phases).
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Fig. 11.13: Technetium-99 bone scan.

Early and accurate diagnosis of osteomyelitis from Charcot foot is the key to successful
management. If the radiographs are normal but the clinical suspicion of osteomyelitis is
strong, bone scan and or magnetic resonance imaging (MRI) is recommended. Two most
preferred are triple phase nuclear imaging scan are MDP bone scan and Indium-111 WBC
scan. Indium-111 WBC scan preferred over 9mTc-MDP scan to exclude osteomyelitis in the
setting of neuroarthropathy. In triple phase imaging imagines are obtained at three different
time period after injection of 740-925 MBq (20-25 mCi) of Tc-99m-labeled diphosphonates
tracer. First phase (flow phase) images are taken within seconds, in Second phase (blood pool
phase) images are taken 3-5 minutes and in third phase (bone metabolism phase) images taken
after 3-4 hours after injection of tracer. Sometimes static images are taken after 24 hours. In
osteomyelitis focal increased in the tracer seen in all three phases. In both cases of osteomyelitis
and Charcot’s foot abnormality in images are seen in all three phases and often looks similar.
The WBC scan done with Indium-111 labeled leukocyte. In-vitro labeled leucocytes is use for
such type of imaging, patient blood drawn initially and tagged with radionuclide in-vitro and
subsequently injected into the patients. Following injection labeled WBC migrates to the area
of infection. Images are obtained at 1, 2-4 hours and as well as at 24 hours. The main advan-
tages of WBC scan more specific than bone scan. The main disadvantages of WBC scan are
meticulous labeling of leukocytes, handling of blood products, potential spread of infection,
long half-life, prolonged imaging times and more radiation burden.

MRI (Good Sensitivity and Specificity)

o Allows for anatomical imaging of the area
e May help distinguish between osteomyelitis and Charcot joint.

MRI is more sensitive and specific than X-ray and computed tomography (CT) scan.
Equivocal bone scans are also an indication for MR imaging to establish the diagnosis
(Fig. 11.14). The advantages of MRI over other modalities because of it better anatomical
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Fig. 11.14: Charcot's arthropathy—computed tomography (CT).

delineation quality and better soft tissue contrast. MRI features of focal alternation of marrow
signal abnormality due to marrow edema are more sensitive for diagnosis of osteomyelitis.
The marrow edema in osteomyelitis is attributed to replacement of fat marrow by hyperemia,
ischemia and exudates. MRI can help in differentiation between osteomyelitis and Charcot’s
foot in early stage. MRI is not essential in late stages when Charcot’s features are quite evident.

Portable Infrared Dermal Thermometry

e Used for skin temperature assessment
e Can be used to monitor active inflammation
o A3-5°difference generally seen in the acute stage.

Joint Aspiration

It is used to help rule out a septic joint.

Synovial Biopsy

Small fragments of bone and cartilage debris are embedded in the synovium due to joint
destruction.
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Treatment

Nonsurgical Therapy

Treatment of Charcot arthropathy is primarily nonoperative and consists of two phases:
1. An acute phase and
2. Apostacute phase.

The cornerstone of management of Charcot’s foot is offloading and immobilization.

Acute phase: Management of the acute phase includes—immobilization, reduction of stress

and medical management.

o Immobilization usually is accomplished by casting. Total contact casts have been shown
to allow patients to ambulate while preventing the progression of deformity. Casts must
be checked weekly to evaluate for proper fit, and they should be replaced every 1-2 weeks.

e Reduction of stress is accomplished by decreasing the amount of weight bearing on
the affected extremity, either by total non-weight bearing (NWB) or partial weight bearing
(PWB) with assistive devices (e.g. crutches, walkers).

e Medical management: Pharmacological treatment with bisphosphonates (BPPs) acts by
inhibiting osteoclastic inhibitions. It also may have direct anti-inflammatory properties.
Thesedrugsalso caninhibitbone destruction byincreasingapoptoticdeath ofmacrophages.
The efficacy of BPPs can varies depends upon type of BPPs and duration of therapy.
Pitocco et al. (2005) used alendronate 70 mg once weekly for 6 months among 20 patients
with Charcot foot and showed improvement in the pain score, local temperatures and reduc-
tion in the bone markers (CTP). Similarly Pakarinen et al. (2011) used zolendronate
4 mg once month for duration of 12 months. Still data supporting BPPs as standard of
care for acute Charcot foot is limited. The long-term efficacy of such drugs in preventing
foot deformity and ulceration is still unknown.

Postacute phase: Management following removal of the cast includes life-long protection of
the involved extremity. Patient education and professional foot care on a regular basis are
integral aspects of life-long foot protection. After cast removal, patients should wear a brace
to protect the foot. Many types of braces may be used, including a patellar tendon-bearing
brace, accommodative footwear with a modified ankle foot orthosis (AFO), a Charcot restraint
orthotic walker (CROW) and a double metal upright AFO.

Custom footwear includes extra depth shoes with rigid soles and a plastic or metal shank.
If ulcers are present, a rocker-bottom sole can be used. Also, Plastazote inserts can be used
for insensate feet. This regime may be eliminated after 6-24 months, based upon clinical
and radiographic findings. Continued use of custom footwear in the postacute phase for foot
protection and support is essential.

The total process of healing typically takes 1-2 years. Preventing further injury, noting
temperature changes, checking feet every day, reporting trauma, and receiving professional
foot care are also important steps of treatment.

Surgical Therapy

Surgery is warranted in less than 15% of cases and is generally a preventive measure. Surgery
is performed when a deformity places the extremity at risk for ulceration and when the
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Fig. 11.15: Feet with peripheral artery occlusive disease (PAD).

extremity cannot be protected safely in accommodative footwear. The goal of reconstruction
is to create a stable plantigrade foot that can be protected appropriately in accommodative
footwear and that can support ambulation. Surgery is indicated for malaligned, unstable, or
nonreducible fractures or dislocations, as well as when nonsurgical means fail.

Medical Therapy

Reduction of inflammation and osteoporosis may be achieved by use of oral alendronate
70 mg once a week or intravenous pamidronate 60 mg once in 3 months.

| PERIPHERAL ARTERY OCCLUSIVE DISEASE

Prevalence of diabetic peripheral artery occlusive disease (PAD) in India varies between 6%
and 16%. PAD is four times more prevalent in diabetics than in nondiabetics with early large
vessel involvement coupled with distal symmetrical neuropathy (Fig. 11.15). The arterial
occlusion typically involves the infrapopliteal arteries but spares the dorsalis pedis artery.
Smoking, hypertension and hyperlipidemia commonly contribute to the increased prevalence
of peripheral arterial occlusive disease in diabetics. For every 1% increase in hemoglobin
A1C there is a corresponding 26% increased risk of PAD.

Every 30 minutes, a person loses a limb related to injuries in land mines, and every
30 seconds, there is a limb loss somewhere in the world due to diabetic foot infection.

The presence of lower extremity ischemia is suggested by a combination of clinical signs
and symptoms plus abnormal results on noninvasive vascular tests. Signs and symptoms
may include claudication, pain occurring in the arch or forefoot at rest or during the night,
absent popliteal or posterior tibial pulses, thinned or shiny skin, and absence of hair on the
lower leg and foot, thickened nails, redness of the affected area when the legs are dependent
(Figs. 11.16A and B). The need for a major amputation is 5-10 times higher in diabetics
than nondiabetics.
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Figs. 11.16A and B: A 52-year-old male, chronic smoker, known to have diabetes for past 5 years presented
with rest pain and blackening of right foot for past 3 months. On examination, bilateral lower limb pulses
were absent. Ankle-brachial index: Right 0, Left 0.2. The angiography showed juxta-renal aortic occlu-
sion; (B) A 60-year-old male, chronic smoker, known to have diabetes for past 10 years presented with
non-healing ulcer left second web space for past 3 months. Ankle brachial index: Right 0.5, Left 0.32. The
angiography showed occlusion of common femoral artery.

Osteomyelitis increases the risk for the need of amputation by 23 folds as compared to
soft-tissue infection.
Noninvasive vascular tests include:
« Transcutaneous oxygen measurement
e Ankle-brachial index (ABI)
e Absolute toe systolic pressure.
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Fig. 11.17: Ankle brachial index is a noninvasive test that can be performed easily using a handheld
Doppler device.

The ABI is a noninvasive test that can be performed easily using a handheld Doppler device
(Fig. 11.17). A blood pressure cuff is placed on the upper arm and inflated until the Doppler
device detects no brachial pulse. The cuffis then slowly deflated until a Doppler-detected pulse
returns (the systolic pressure). This maneuver is repeated on the leg, with the cuff wrapped
around the distal calf and the Doppler device placed over the dorsalis pedis or posterior tibial
artery.

ABI= Higher of the anklesystolic pressures - posterior tibial or dorsalis pedis

Higher of the arm systolic pressures - left or rightarm

Optimal ulcer healing requires adequate tissue perfusion. Thus, arterial insufficiency
should be suspected if an ulcer fails to heal. Vascular surgery consultation and possible
revascularization should be considered when clinical signs of ischemia and the results of
noninvasive vascular tests or imaging studies suggest that the patient has peripheral arterial
occlusive disease.

Proper control of concomitant hypertension or hyperlipidemia can help to reduce the
risk of peripheral arterial occlusive disease. Smoking cessation is essential for preventing
the progression of occlusive disease.

Recommendations by the Diabetic Foot Society of India (DFSI) for vascular evaluation
and treatment are:

o All diabetics should undergo complete clinical vascular evaluation every 6 months.

e ABIshould be done as a part of the initial examination to differentiate arterial claudication
from neurogenic or venous claudication.

e All patients with PAD should have baseline laboratory studies which include lipid profile,
electrocardiogram (ECG) and lipid profile. The abnormalities should be addressed and
treated.
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e Duplex scan (Doppler ultrasound) is recommended as the first imaging modality in patients
with claudication, ulcer or gangrene. The scan should be performed by an experienced
sonologist as it is operator-dependent.

e Angiogram [digital subtraction angiography (DSA), computed tomography angiography
(CTA), and magnetic resonance angiography (MRA)] should be done only after a judicious
clinical evaluation.

e All patients with intermittent claudication should be placed on a (supervised) exercise
program, lifestyle modification, control of risk factors and appropriate pharmacotherapy.

o Patients, who after adequate medical therapy develop disabling claudication or rest pain,
need to be treated early and aggressively by a vascular surgeon. This includes patients
with ABI less than 0.5 and/or toe pressure and/or transcutaneous oxygen measurement
(TcPO,) less than 40.

o The “watch and wait” policy in India after debridement of an ischemic lesion often results
in increased morbidity, mortality and cost to the patient.

¢ Do not amputate—if you can help it.

Diabetes Maintenance Therapy for Vascular Disease Prevention
Blood Glucose Control

o Target hemoglobin A1C < 7%
e Monitor blood glucose and target premeal values of 80-120 mg/dL and bedtime values
of 100-140 mg/dL.

Blood Pressure Control

e Angiotensin-converting enzyme inhibitor is the preferred antihypertensive for all adults
with diabetes or if microalbuminuria is present
o Targetlevel < 130/80 mm Hg.

Blood Lipid Control

o Targetlow-density lipoprotein level < 100 mg/dL
o Target triglyceride level < 150 mg/dL.

Antiplatelet Therapy

e Aspirin for primary prevention if age more than 50 years in men or more than 60 years
in women who have at least one additional major risk factor

o Clopidogrel

o Ticlopidine (associated with thrombotic thrombocytopenic purpura)

o Platelet ITb/IIIa inhibitor.

Miscellaneous Treatment

e Smoking cessation
o Foot care program.
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Flowchart 11.1: Algorithm for the management of diabetic foot.
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Source: Towne JB. Diabetic foot infection. In: Cronenwett JL, Rutherford RB (Eds). Decision making in
vascular surgery. Philadelphia, PA: WB Saunders; 2001. pp. 212-7.

To summarize an algorithm to follow in a patient with diabetes foot is given in

Flowchart 11.1.

SELF-ASSESSMENT

1.

Foot care at home is done by the patient with:

(a) Pumice stone (b) An old razor blade

(¢) Nylon dishwashing brush (d) AandC

(e) None of the above

The medications used for the treatment of neuropathy include all except:
(a) Amitriptyline (b) Carbamazepine

(c) Gabapentin (d) Amlodipine

(e) Tramadol
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3.

The painless, swollen, deformed foot of a patient with diabetes with severe proli-

ferative, diabetic retinopathy and nephropathy is suspected to have:

(a) Osteomyelitis (b) Charcot’s arthropathy

(c) Claw foot (d) Septic arthritis

(e) None of the above

Management of Charcot’s arthropathy include all of the following except:

(a) Immobilization

(b) Rocker bottom shoes

(c) Treadmill exercises

(d) Maligned unstable dislocations need a total contact cast

(e) Alendronate

Which of the following are unlikely to be a symptom of neuropathic foot disease?

(a) Numbness (b) Paresthesias

(c) Deep seated pain (d) Loss of sensation

(e) None of the above

Which statement is not true?

(a) The risk of cardiovascular disease is two to three times higher in persons with
diabetes than in nondiabetic subjects

(b) The risk of vascular disease associated with diabetes is secondary to obesity, lipid
disorders, and increased blood pressure, but not diabetes per se

(¢) Theincreased prevalence of congestive heart failure in diabetic patients with coro-
nary artery disease has been attributed to microvascular disease and autonomic
dysfunction

(d) Large vessel disease in one area of the vascular tree predicts disease in other areas
as well

(e) Many vascular lesions in persons with diabetes are asymptomatic

Which of the following statements is not true?

(a) The ABIis not a good screening tool for persons with diabetes

(b) Intervention studies in persons with diabetes have shown improvement in the
ABI after 9 months of normoglycemia and exercise

(c) The prevalence of foot ulcers in diabetic patients with peripheral vascular disease
is increased in part by problems with the microcirculation and neuropathy

(d) Glucose control, blood pressure, and duration of diabetes are all independent
predictors of amputation

Which of the following probably contributes to vascular disease in hyperglycemic

subjects?

(a) Glycation and advanced glycation end products

(b) Perturbations in the fluid phase of coagulation

(c) Increased reactivity of the platelet

(d) Endothelial cell dysfunction

(e) Increased oxidative stress

(f) Vascular volume shifts

(g) All of the above
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9. Which of the following statements is most accurate regarding the indications for
vascular reconstruction in a diabetic patient?
(a) TItshould be performed primarily for limb salvage rather than claudication
(b) Itshould be avoided in subjects with severe neuropathy
(c) Itshould be performed less frequently because of poorer outcome statistics
(d) Tt should be performed for the same indications in diabetic and nondiabetic
patients

10. Strict blood glucose control with careful glucose monitoring before, during, and
after surgery is important for which of the following reasons?
(a) To minimize the risk of infection
(b) To increase wound healing and strength
(¢) To avoid hypoglycemia
(d) To minimize the risk of a prothrombotic state
(e) All of the above

PART B: WOUND CARE IN PATIENTS WITH DIABETES

Uari [riChna [air
INTRODUCTION

Diabetes is becoming a pandemic currently. It is noted that 25% of all patients with diabetes
mellitus will develop diabetic foot complications. Armstrong et al. (1998) found that 85% of
diabetic foot problems can be prevented. Therefore, this is the only complication that can be
prevented with good foot screening, foot care and proper footwear.

When patients with diabetes mellitus develop a wound, a comprehensive assessment is
required.

WOUND ASSESSMENT

Wound assessment and Bed preparation are essential in the management of a diabetic wound
(Figs. 11.18 and 11.19).

. Buroundingskin .
& Wound bed
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| ' tissnne, fodn -
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Fig. 11.18: Wound assessment.
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Wound bed proparation

Pébeidement Bacienal halansg

Fig. 11.19: Wound bed preparation.
Source: Sibbald RG, Williamson D, Orsted HL, Campbell K, Keast D, Krasner D, et al. Preparing the wound
bed—debridement, bacterial balance, and moisture balance. Ostomy Wound Manage. 2000;46(11):14-22.

Under the Wound Bed Preparation concept, the anagram TIME is most important
component. TIME has been used since 2003 till now to assess the wound bed and plan a proper
management of the wound.

o T—tissue

e I—infection or inflammation
e M—moisture imbalance

o E—epidermal margin.

Table 11.3 shows the TIME concept in a systematic way. The general assessment involves a
systematic approach and the acronym HEIDI describes it properly.
e H—history
o E—examination
o I—intervention
o D-—diagnosis
e I—investigations.

| WOUND CLEANSING

Wound cleansing is defined as “the process of removing inflammatory contaminants from the
wound surface”.
Then we have to clean the wound with a cleansing solutions.

Cleansing Solutions

e Normal saline
e  Water for irrigation.

Nontoxic Wound Cleansers

e PHMB (polyhexamethylene biguanide) with betaine
o Superoxide solution
e Octenidine dihydrochloride.
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Table 11.3: TIME: Principles of wound bed preparation (WBP).

Clinical Proposed Effect of WBP
observations | Pathophysiology | WBP clinical actions actions Clinical outcome
Tissue Defective matrix | Debridement (episodic | Restoration of Viable wound
non-viable or |and cell debris or continuous) wound base and | base
deficient impair healing o Autolytic, sharp functional extra-
surgical enzymatic, cellular matrix
mechanical or proteins
biological
o Biological agents
Infection or High bacterial o Remove infected foci | Low bacterial Bacterial
Inflammation | counts or pro- Topical/systemic counts or balance and
longed inflamma- |« Antimicrobials controlled reduced
tion o Anti-inflammatories | inflammation: inflammation
T Inflammatory |e Protease inhibition ! Inflammatory
cytokines cytokines
T Protease 4 Pprotease
activity activity
1 Growth factor T Growth factor
activity activity
Moisture Desiccation slows | Apply moisture balancing | Restored epithe- | Moisture balance
imbalance epithelial cell dressings lial cell migra-
migration tion, desiccation
avoided
Excessive fluid Compression, negative Edema, excessive
causes macera- pressure or other fluid controlled,
tion of wound methods of removing maceration
margin fluid avoided
Epidermal Non-migrating Re-assess cause or con- | Migrating Advancing
Margin—non- | keratinocytes sider corrective therapies | keratinocytes epidermal margin
advancingor |Non-responsive |e Debridement and responsive
Undermined |wound cellsand |e Skin grafts wound cells
abnormalitiesin |e Biological agents Restoration of
protease activity |e Adjunctive therapies |appropriate
protease profile

However, methicillin-resistant Staphylococcus aureus (MRSA) and Pseudomonas can
grow in normal saline solution.
Then we need to debride the dead, devitalized tissue and eschar as well as the slough.

DEBRIDEMENT

e “The removal of foreign matter or devitalized, injured and infected tissue from a wound.”
[Whiteside MCR and Moorehead RJ (1998)]
¢ “To remove devitalized tissue when appropriate for the patient’s condition and when
consistent with the patient’s goals.” [EPUAP Review (1999)]
e “Surgical debridement is the gold standard of care, once ischemia is excluded.” (Wagner
1984, Knowles 1997, Laing 1994)
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Types of Debridement

e Mechanical: Using wet to dry gauze , low-pressure irrigation, whirlpool

e Surgical: Using a scalpel blade

e Ultrasonic: Using an ultrasonic debrider

e Hydrostatic: Using a handpiece with water to debride

e Biological: Using the Maggot Debridement Therapy utilizing Lucilia cuprina
o Autolytic: Using hydrogels

o Enzymatic: Using honey, clostridiopeptidase A, collagenase.

Choice of Dressings

There has been a lot of new dressing material being introduced in the world and we need to
choose the correct advanced environmental moisture retentive dressings with the proper
indications to obtain the best end outcome with minimal or no complications. Table 11.4
describes the dressing categories and their indications.
Other available dressings are:
o Silver dressings to manage bacterial bioburden
o Cadexomer iodine
e Polymeric membrane dressings
e Medical grade honey
e Collagen dressings
e Matrix, regenerative dressings

Table 11.4: Dressing categories with their advantages and disadvantages.

Dressings Purpose Advantages Disadvantages
Protect against contamination | Adherent Fluid collection
and friction
Maintain moist surface Transparent with meas- | Possibility of stripping
urement grid away newly formed
Films epithelium on removal
Prevent evaporation Bacterial barrier
Facilitate assessment Water proof
Breathable
Rehydrate, debride and Comfortable
deslough wound
Promote moist healing Provide moist environ- | Need secondary dressing
ment and reduces pain
Hydrogel Cavity filling Rehydrate eschar Maceration around
wound
Desloughing agent

Promote granulation

Contd...



Feet, Foot Care and Neuroarthropathy

Contd...
Dressings Purpose Advantages Disadvantages
Provide moist environment Cleans and debrides by | Unpleasant odor
autolysis
Absorb exudate Esay to use Forms a yellow liquid gel
Bacterial Barrier Cost effective Difficult to use in cavities
Hydrocolloids Promote granulation Adhesive action damages
tissue fragile skin
Effective for low to
moderate exudating
wounds
Water proof
Absorb wound exudate and Economical and easy to | Not helpful for dry
Calcium maintain moisture apply wounds
alginate Biodegradable Need secondary dressing
Hemostatic properties
Manage heavy exuding Longer wear time Cost
wounds
Maintains moist healing Comfortable Not helpful for dry
environment wounds
Autolytic debridement Non-traumatic Needs secondary
Hydrofiber dressings
Upon removal
Reduce risk of
maceration
Can use on infected
wound
Absorbent Conforms to body Can adhere to wounds
contours if exudate dries
Cushioning Designed for cavity
wounds
Foams Highly absorbent
Provides protection
Bacterial and water
proof
Odor absorbent Reduces odor Needs secondary
Charcoal

dressing

e TLC (technology lipido-colloid) + NOSF (nano-oligosaccharide factor): Urgostat®.

Following the dressings, we have to offload the patients’ diabetic foot by using:

e Foam o felt

e Orthosis

e Custom made shoes, e.g. rocker bottom shoes
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« Total contact cast
o Walkers, crutchers, etc.

SUGGESTED READING

1. Rezende Neta DS, Silva AR, Silva GR. Adherence to foot self-care in diabetes mellitus patients.
Rev Bras Enferm. 2015;68(1):111-6.

2. Viswanathan V, Thomas N, Tandon N, et al. Profile of diabetic foot complications and its associated
complications—a multicentric study from India. J] Assoc Physicians India. 2005;53:933-6.

SELF-ASSESSMENT

1. Which is true regarding the TIME concept except ?
(a) TIME is a part of the Wound Bed Preparation
(b) T stands for tissue
(c) 1stands for infection
(d) M stands for moisture imbalance
(e) E stands for eschar
2. These are types of cleansing solutions suggested to be used in a diabetic foot wound

except:
(a) Octenidine dihydrochloride  (b) Water for irrigation
(c) PHMB with Betaine (d) Super OXIDE solution
(e) Flavine

3. These are the methods of debridement except:
(a) Mechanical (b) Enzymatic
(c) Autolytic (d) Biological

(e) Electromagnetic
4. Which of these statements are true?
(a) Lucilia cuprina can be used to debride the dead tissues
(b) Mechanical debridement involves using the blade
(c) Honey is used to cleanse the wound
(d) Ultrasonic debridement uses pulse lavage
(e) Collagenase can be used for autolytic debridement.
5. These statements are true regarding dressing materials except:
(a) Foam can be used as a secondary dressing
(b) Hydrofiber can be used to manage exudates
(c) Charcoal can be used to manage the odor
(d) Film can absorb exudate
(e) Hydrocolloid produces a liquid on the surface of the wound
6. These are types of offloading except:
(a) Total contact cast (b) Walker
(c) Insoles (d) Film
(e) Shoes
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10.

These are true except:

(a) 85% of diabetic foot ulcers can be prevented

(b) Sugars must be controlled

(c) 25% of patients with diabetes will develop diabetic foot complications
(d) Customized shoes can offload the foot and alleviate pressures
(e) Silver dressings are for granulation

Choose the correct statement:

(a) Amputation is a failure of treatment

(b) MRSA can grow in distilled water

(c) Hydrogel can be used to debride the wound mechanically

(d) HEIDI s used to describe the wound

(e) Cleansing solution like Povidone Iodine should be used

All are advantages of using a dressing, except:

(a) Conform to body contours (b) Highly absorbent

(c) Provides protection (d) Hemostatic properties
Non toxic wound cleansers include all except:
(a) PHMB (b) Superoxide solution

(c) Hydrogen peroxide (d) Octenidine dihydrochloride



CHAPTER

1 2 Therapeutic

Footwear

Judy Ann John, Bobeena Rachel Chandy, Rajan P, Premkumar R

Wear shoes not hard or soft-make sure they're shore is right,
Stop walking without footwear-make sure they're not too tight,
If feet are badly deformed and sometimes tend to swell,
There are special shapes and sizes which could help you out quite well.

Diabetic foot ulcers are the most common nontraumatic causes for lower extremity amputations. Research
and clinical evidence have shown that proper footwear and therapeutic foot orthotics could help in prevent-
ing such amputations. These devices protect the insensitive foot from unnoticed trauma and excessive plan-
tar pressures that occur during walking. Therefore, the objective of this chapter is to provide an understanding
of the principles behind prescribing different footwear.

Selection of proper footwear is determined mainly by the loss of protective sensation, decreased intrinsic
muscle strength of the feet, history of ulceration including callus and corn formation, weight bearing areas
and foot deformities. During the visits of diabetic patients to the clinics it is important to examine the feet as
well as the footwear.

INTRODUCTION

Mechanical factors play an important role in the etiology of the majority of foot ulcers. A
strong relationship has been established between abnormal foot pressure and incidence of
foot ulceration. Dr Paul Brand (1954) said that there is hope of saving the neuropathic foot only
when itisrecognized that the real problem is due to biomechanical abnormalities. Mechanical
problems require mechanical solutions; likewise, problems of the foot require therapeutic
footwear management, which acts in the following ways:
e It protects the skin from external trauma, extreme temperature and contamination
o Ifadapted to the altered biomechanics and deformities footwear therapy could

- Reduce the incidence of ulceration by evenly distributing plantar pressure;

- Relieve pressure from vulnerable sites in cases of recurrent ulcers.

FOOT INJURY MECHANISM DUE TO SENSORY NEUROPATHY

Ulcers can develop in a foot with diabetic neuropathy due to abnormal pressures in the
following ways:
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Prolonged low pressure: Patients with anesthetic limbs exert continuous low pressure in the
foot, shoe/ground interface during many common activities such as standing, walking, sitting
cross-legged and on wearing tight footwear for long periods of time. The pressure exerted in
these ways results in tissues being deprived of blood supply for a prolonged time leading to
ischemia in the tissues and subsequent ulceration.

High pressure: Overwhelming force greater than 80 kg/cm? causes high pressure that is
sufficient to injure the skin. Such trauma can occur if a patient ambulate bare foot and stamps
on a sharp object.

Shear stress: Shear stress is two forces acting in opposite directions. While walking this type of
stress commonly occurs at the metatarsal heads due to backward and forward movement of
the skin against the bone. Shearing stress is increased when walking faster or by taking long
strides. Loose fitting footwear can also cause friction between upper straps and dorsum of the
foot leading to break in the skin integrity.

Repetitive stress: Repetitive trauma can occur over prolonged periods of time at a pace that
outstrips the tissue’s ability to heal itself due to the absence of protective sensation in feet with
sensory neuropathy.

FOOT INJURY MECHANISM DUETO
MOTOR AND SENSORY NEUROPATHY

Motor neuropathy can cause intrinsic muscle paralysis. This paralysis leads to muscular
imbalance and to clawing of toes (Fig. 12.1A). This results in distal migration of the plantar
fat pad, which leaves the metatarsophalangeal (MTP) joints without cushioning. In such
instances, due to excessive pressure and friction, each step taken by the patient will lead to
stress in the tissue over the metatarsal heads resulting in callus formation (Fig. 12.1B). Callus
is an avascular, multilayered epithelial tissue, which gets hardened in course of time. Such
calluses could also form in the healed ulcer sites. This in turn leads to constant localized
high pressure to the inner soft tissues during walking and subsequently to subcutaneous
hemorrhage and ulceration (Fig. 12.1C).

B
Figs. 12.1A to C: (A) Clawing of toes; (B) Callus built-up due to increased pressure, which results in sub-
cutaneous hemorrhage; (C) Skin breakdown.
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FOOT EXAMINATION FOR SELECTING
APPROPRIATE FOOT ORTHOTICS

Examination begins with inspection of the patient’s feet for swelling, warmth, percentage of
scars in weight-bearing areas, ulcers, deformities, calluses and corns. Inspection of the footwear
for signs of excessive wearing will also provide information regarding localized increase in
plantar pressure. The following specialized tests need to be done after this inspection.

For convenience of describing the area of problem in the foot, it has been divided into
the forefoot (metatarsal heads and toes), the midfoot (proximal to the metatarsal head to the
subtalar joint) and the hindfoot (heel to the subtalar joint) (Fig. 12.2).

Test for Protective Sensation

Lack of protective sensation and weakness of the foot intrinsic muscles predispose a diabetic
to an increased risk of developing foot ulceration. The clinical tests done for assessment of
peripheral neuropathy are—

The Semmes-Weinstein monofilament test: As described in Chapter 10.

Intrinsic Muscle Strength

Intrinsic muscle paralysis is one of the important factors in selecting proper footwear.
Loss/weakness of the intrinsic muscles of the feet results in the footwear slipping off the
feet resulting in foot injuries/falls. The paper grip test is a good screening test to detect this
(Figs. 12.3 and 12.4). During the test, footwear and socks are to be removed and the patient sits
up straight with hips, knees in 90 degree flexion and ankles in neutral. The examiner ensures
that the patients stay in the same position and keeps their heels on the floor during the test. The
examiner puts a slip of paper under the phalanx of the big toe, just distal to the MTP joints. The

Fong bl

II'I \‘_
Hind food
Fig. 12.2: Parts of foot.
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Fig. 12.3: The paper grip test.

SIS SN i N
Fig. 12.4: A poor patient with neuropathy who had frequent slipping of sandals from feet with a cord tied
around it as a back strap.
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patients have to look at their feet, because they may not feel the paper due to their anesthetic
feet. The examiner pulls the paper in a horizontal direction while the patient offers resistance
to it. If the patient has normal intrinsic muscle strength they will be able to grip the paper
at least one out of three times. Inability to grip the paper even once in three tries indicates
intrinsic foot muscle paralysis.

Plantar Pressure Assessment

This assessment will specifically identify the areas of localized high pressure in the foot and
also check the usefulness of both commercial and therapeutic footwear in relieving the high
pressure. At present two assessments are available; one is using the Harris mat foot pressure
measurement and the second is a computerized assessment.

1.

Harris mat assessment: This is a semiquantitative and fairly reliable, inexpensive assessment
widely used in the field of leprosy in India for the last half a century. The Harris mat is a rubber
mat, which has ridges of graduated heights, forming squares of varying size. The rubber
mat is evenly inked over with printer’s ink on a rubber roller to spread the ink uniformly.
The inked mat is then laid carefully faceup on a white sheet of paper. Ask the patient to walk
over the mat to leave an impression of his foot on the paper (Fig. 12.5). Figure 12.6 depicts
the quantification of plantar pressure using this mat. The Harris mat is available for sale
from Diabetic Foot Care, India at Chennai. www.diabetikfootcareindia.com

Computer assessments: Plantar pressure assessment is now possible with at least six
well-known computer software programs and pressure appreciating sensors that are
commercially available. This is a quantitative assessment. In our experience, it is of more
use in research than day-to-day clinical practice. There are two types of sensors; one is
where the sensor is placed inside the footwear and the second is a sensor mat on which
the patient is asked to walk barefoot (Fig. 12.7A). The results are presented as a two-
dimensional figure in different colors, indicating the different levels of pressure. Three-
dimensional figures are also obtainable with colors and “peaks” as shown in Figure 12.7B.

Fig. 12.5: The paper peeled off the inked Harris mat.
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Fig. 12.6: Harris mat footprints. Left shows hard insole. Right is with microcellular rubber Interpretation of
it as per Prem kumar et al. 1985 is as follows: Very dark blotch = High pressure (> 1250 g/cm?) Print large
squares = Medium pressure (500 g—1249 g/cm?) Thin widely spread lines = Light pressure (499 g-76 g/cm?)
Unmarked = No pressure (< 75 g/cm?).

Figs. 12.7A and B: (A) This shows a patient walking with the sensors placed inside his shoes on a marked
platform. The sensors are attached to the cuff units at lower legs, which transfers the information to the
receiver unit attached at waist and this is connected to the computer; (B) Three-dimension view of the
foot pressure distribution. Left depicts foot pressure distribution with a hard flat insole and the right with a
moulded hard insole. Interpretation is as follows: Peaks = High pressure; Blunt curves = Moderate pres-
sure; Flat = No pressure.
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Fig. 12.8: Parts of footwear.

SELECTION OF FOOTWEAR

The most important aspect of diabetic foot care is selection of an appropriate footwear.
It is important to know the various parts of the footwear to be able to prescribe specific
modifications as required for individual patients (Fig. 12.8).

Footwear is meant for protection and comfort. When prescribing footwear in a diabetic,

the following characteristics must be specified:

Both feet need to be measured when standing and preferably at the end of the day. Usually
one foot is larger than the other so the fit should be for the larger of the two. The other
footwear can be modified, with a soft insole liner, to prevent excessive movement within
the footwear (Table 12.1).

The insole should be able to redistribute the plantar pressures evenly and reduce shock
and shear forces

To accommodate, stabilize and support deformities

Wide toe box with a finger width between the longest toes and the end of the shoe

The depth of the toe box should be adequate to allow room for the toes to extend and flex
minimally without any pressure (Table 12.2)

A rigid outsole for protection from sharp objects, an appropriate insole with a shore value
between “8 and 15”

Back strap or heel counter for support

Slip on footwear without heel counter or back strap are to be avoided as they are likely to
cause the tips of toes to rub on the shoe, leading to corns and calluses. T-straps are also to
be avoided as they can cause ulceration in the first web space due to pressure or constant
friction.
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Table 12.1: Choosing correct shoe size: Length.

Shoes are too long > shearing stress on the skin where it comes
into contact with the straps - blistering

Too loose!

Shoes are too short - injury to the toes and nails

Ideal shoes/sandals-should be at least 1.25 cm longer than the
longest toe while standing. This allows toes to move freely while
walking.

Table 12.2: Choosing correct toe space.

A ['_ | Thin space for the toes in narrow fitting shoes >

R corns on the tops or in between the toes

_ Shallow toe space - corns and callus on the

pressed areas of the toes

r —— Sufficient space for the toes in proper width shoes
B. allow the toes to rest flat inside the shoes without
e | .
being cramped.

Deep enough in the toe area, to avoid the upper
parts of the toes being pressed against the leather.

The footwear needs of diabetic patients could be divided depending on the following
categories: (1) low, (2) moderate, and (3) high risks to developing foot ulceration. This catego-
rization is based on sensory, motor and autonomous neuropathy, vascular involvements, any
pressure related lesions, previous history of ulcers and foot deformities.

The Low-risk Foot Patients (~ 85%)

e Normal sensation

e Normal muscle strength

e Palpable pulse

e Structurally normal foot—no deformity or skin changes
¢ No high pressure

e No current foot problems.
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Footwear prescription: Properly fitting footwear of any type. A good shoe should have the
following characteristics:

Correct length, width and depth
Proper fastening

Tight shoes > prolonged low pressure

Loose shoes > shear stress } foot ulceration

Design: Sandals or shoes of the fastening types (with laces, buckles or velcro) could be slightly
larger in size in order to accommodate swelling.

Checking proper fit: Footwear education is important in this group of patients. When they
purchase new footwear, tell them to wear it for 30 minutes on the first day to ensure that there
are no pressure signs such as red areas and localized warmth. They should gradually increase
the wearing time of the footwear.

Footwear material: The footwear prescribed should be able to redistribute the plantar forces
equally along the feet. Hence the ideal material should be durable and mouldable. The various
materials used for insoles include rubbers, closed cell foam (plastazote), polyethylene foam,
polyvinyl foam, polyurethane foam, cork rubber, silicone (Fig. 12.9) and leather. Microcellular
rubber (MCR) is the most common material used to relieve plantar pressure.

The insole hardness is measured by an instrument called “durometer” (Figs. 12.10A and B)
which gives the shore value. A value between 8 and 15 is desirable for diabetic footwear. A
shore value of less than eight is too soft and unlikely to give protection, whereas a value above
15 is too hard leading to areas of callosities due to pressure.

More than 40 years of our experience have shown that 15° shore MCR gives satisfactory results
in both preventing ulcers and ulcer recurrence in majority of patients with anesthetic feet. MCR

Fig. 12.9: Silicone insole and heel pad. This is to be used inside shoes for weight distribution and pro-
tection.
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Figs. 12.10A and B: (A) Durometer; (B) Checking the shore value of the footwear.

Fig. 12.11: Microcellular rubber footwear with all the characteristics of a diabetic footwear.

is a specially processed rubber material with 15 chemicals, where bubbles of air are introduced
into the rubber, creating millions of “micro cells” containing air. These micro-sized closed cells
resemble fat filled cells under the sole of the foot. MCR is available for sale at Karigiri, Tamil
Nadu, India.

Microcellular rubber is a self-molding material, which increases the area of contact and
distributes weight evenly as illustrated in Figure 12.11. It is also an excellent replacement for
fat pad loss and small muscle atrophy in the sole, which results in thinning of plantar padding
due to nerve damage. Generally a pair of good MCR sandals will last for 18 to 24 months.
It has the following qualities: (1) MCR withstands friction while walking and still maintains
its thickness, (2) Its property of elastic recoiling molds the foot instantly to its shape; thus
the area of the foot weight-bearing is increased. (Compression of the rubber indicates that
the air spaces in the MCR are weak and it is not able to recoil), (3) Good rubber will not tear if
it is hand stitched or cut to insert straps.
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Fig. 12.12: Pinch test.

It is important to check the above three qualities of MCR and there are two ways to do
it. One is a simple manual pinch test by pinching a piece of rubber between the finger and
thumb. A firm pinch of average strength should be able to squeeze the rubber to half its resting
thickness as shown in Figure 12.12. Flattening more than this indicates that the MCR is too
soft; less than this, it is too firm. Second is by using an instrument called “durometer” which
measures the degree of hardness of MCR in shores. 15 degree shore is the softness, footwear
requires. MCR is manufactured in two thicknesses-10 mm thickness used in manufacturing
open sandals, and 3 mm used inside closed shoes.

e Peripheral neuropathy and/or vasculopathy
e Mobile foot deformities such as high and low arches
e Pressure lesions such as callus, corns, minimal healed ulcers.

Footwear Prescription

Assessment in a foot clinic provides an opportunity for the physician to communicate with
the fabricator regarding appropriate footwear with required features for pressure relief.
Modifications can be made in the insole, on the outsole as well as in the shoe’s upper portion in
order to relieve pressure in the regions at risk for ulceration (Figs. 12.13 and 12.14). Therapeutic
footwear, including a custom molded insole in a shoe with adequate depth is the preferred
intervention for the primary and secondary prevention of ulcers. The adjustable strap in the
front can be adjusted in the presence of an ulcer on the dorsal aspect of foot.
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Figs. 12.14A and B: (A) Partially scooped insole; (B) Surgical shoes.

Microcellular Rubber Sandal

Straps: Leather is good for the upper straps as it conforms well to the shape of the foot and
allows minimal stretching of the straps.

Adjustments for areas of high pressure: A small localized high pressure area of the foot can
be relieved by partially scooping-out material from the under surface of the MCR insole
approximately 0.5 cm larger than the pressure lesions after accurately marking it on the insole.
A back strap or heel counter is essential to keep high-pressure area right under the scooped
surface.
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Footwear Management for Ulcers and Deformities

As mentioned earlier in the chapter, the foot is divided into the forefoot, midfoot and hindfoot
for easier description of the anatomical location of the ulcers (see Fig. 12.2) and subsequent
planning for modifications. There are two common mobile deformities found in diabetic feet,
namely, supination and pronation of the foot due to altered biomechanics and architecture of
the foot resulting in excessive pressures in the medial or lateral aspects of the foot. As per the
area of pressure, the footwear management will differ. Examination of the patient’s footwear is
as important as the foot. The management of these foot types is discussed below.

Addons to the footwear—forefoot ulcers/deformities: The forefoot may present with a wide
range of deformities and ulcers as the pressures over the metatarsal heads and the big toe are
highest during the toe-off of the gait cycle.

Hammer toe, mallet toe and claw toe: These result due to intrinsic muscle weakness,
subsequent muscle imbalance and improper footwear.

Hammer toe is when there is hyperextension of the MTP joint with flexion at the proximal
interphalangeal (PIP) joint. Due to this deformity, the toe is susceptible to injury over the
dorsum of the PIP joint as well as the MTP joint. Mallet toe occurs when there is flexion
deformity of the distal interphalangeal (DIP) joint. Claw toe is seen with flexion deformities of
the PIP and the DIP joints (Figs. 12.15A to C).

The addons that may be given for the above are:

« Silicone toe caps or toe sleeve (Fig. 12.16) for protection of the PIP joint

o Silicone toe prop or elevator which reduces contact of the pulp of the toes with the footwear

o A metatarsal pad (Fig. 12.17A) can be given to take pressure off the metatarsal heads

o Alternatively a metatarsal bar (Fig. 12.17B) in the footwear, placed just proximal to the
metatarsal head reduces the forefoot pressure by decreasing the time taken in toe-off
during the gait cycle.

Addons to the sole of the footwear

Rocker bottom sole: This is an add-on (Fig. 12.18), given for forefoot problems like superficial
ulcers, and callosities. It helps in reducing the forefoot pressure by almost 50%.

Hallux valgus: In this there is medial migration of the first metatarsal along with rotation and
lateral deviation of the hallux (Fig. 12.19A). There is an enlargement of the bursa leading to
bunion formation which often ulcerates due to increase in pressure.
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Figs. 12.15A to C: (A) Hammer toe; (B) Claw toe; (C) Mallet toe.
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Figs. 12.17A and B: (A) Metatarsal pad for relieving forefoot pressure; (B) Metatarsal bar for forefoot pro-
blems. The microcellular rubber bar is placed just proximal to the metatarsal heads.

Fig. 12.18: Rocker bottom sole.
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Figs. 12.19A and B: (A) Hallux valgus; (B) Toe separator.

Bunion caps or shields are used to protect ulceration of the area. To prevent worsening of
the valgus deformity, toe separators (Fig. 12.19B) are used in the first web space to maintain
the anatomy of the big toe.

Ulcers in the forefoot: Ulcers are commonly seen over the first or the fifth metatarsal head.
Ulcers may also be present in the plantar surface of the big toe due to injury from a sharp
object or more often a rat bite. The footwear can be modified to a clog with relief in the ulcer
area. This allows for the patient to be mobile and at the same time takes of the pressure over the
ulcerated area even though contact is maintained. The opposite footwear is given a mild height
correction to compensate for the clog.

Wedge on the outsole of the shoe to take off pressure from the region of the callus/ulcer.
Addons to the footwear—midfoot abnormalities Abnormal arches of the foot

Pes cavus: A filler pad (Fig. 12.20) made of MCR is fixed on a similar rubber insole of the
patient’s footwear. Such footwear should have a backstrap so that the foot does not move away
from the pad. This pad fills the empty space between the high arch area and the insole of the
footwear, thereby enlarging the weight-bearing area of the foot and reducing the pressure on
metatarsal heads and heel.

Pes planus: For people with flat feet, an MCR or silicone medial arch support can be given
(Figs. 12.21 and 12.22). This helps in supporting and protecting the soft tissue in the medial
aspect of the foot and also helps in prevention of plantar fascitis and metatarsalgia by
redistribution of weight.

Midfoot ulcers: Midfoot ulcers especially the medial aspect are generally a result of injury from
a sharp object (Fig. 12.23).

Scooping out the insole is done in case of a superficial ulcer or callosity (see Fig. 12.14). In
case of deep ulcers, management is preferable with total contact casting or with the use of a
Bohler iron orthosis (Fig. 12.24). Alternatively, a clog (Fig. 12.20A) or a wedge (Fig. 12.20B) can
be given on the outsole in the area of the ulcer for pressure relief. Addons to the footwear—
hind foot ulcers.
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Fig. 12.20A: CLOGs are modifications in the outsole given for ulcers in the forefoot, midfoot or hindfoot.

Figs. 12.20B (B1 and B2): Wedge on the outsole of the shoe to take off pressure from the region of the
callus/ulcer.

Fig. 12.21: A high arch foot (left) and a tarsal platform fixed below the metatarsal heads and above the heel
(middle). The last illustration shows what the microcellular rubber filler pad looks like.
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Fig. 12.22: Medial arch support.

Fig. 12.23: Midfoot ulcers.

Fig. 12.24: Patellar tendon bearing bohler iron orthosis - given for complete off loading of the foot for ulcers
or amputation wounds in the weight bearing areas.
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Hindfoot Ulcers

These ulcers are generally a result of excessive pressure in the heel due to the biomechanical
abnormalities. When protective footwear is not used, injury due to sharp objects can also
lead to these injuries. One of the more frequent causes of hindfoot ulcers is poor care of
the heels (Fig. 12.25). Poor hygiene and contamination can lead to local infection, abscess
formation and subsequent ulceration.

Other than footwear modifications in the form of a clog or wedge (Figs. 12.20A and B),
the Bohler iron orthosis (see Fig. 12.24) and aircast walker (Fig. 12.26A) are more effective in
offloading the foot for ulcer healing.

Addons to the sole of the footwear

Heel wedges: This could be given for both the supinated and pronated foot. A heel wedge
reduces the stress at the subtalar joint and improves stability by resisting abnormal foot
function (Fig. 12.27).

Fig. 12.25: Hindfoot ulcer due to inappropriate footwear (absence of back straps, insole deformed due to
abnormal pressures).

Fig. 12.26A: Aircast walker.
Source: Available from www.djoglobal.com/content/aircast-airselect [accessed 10 January 2015]
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Fig. 12.27: Both the above illustrations are of right shoes. Medial heel wedge shown in the right illustration
correct the excessive pronation; while the lateral heel wedge in the same shoe in the left illustration
corrects the excessive supination.

The High-Risk Foot Patients

Patients with this foot will have gross deformities such as extensive scarring, rocker-bottom
foot, gangrene and amputation. Besides, they may have ischemic pain and absence of foot
pulses in their legs. Generally for this group of patients, special shoes are given. In some
instances these shoes are attached to a brace that extends from the ankle to the knee level.
Details are as follows:

Molded Shoes (Fig. 12.28): This is prescribed for those who have stable foot and ankle but have
extensive scarring in the sole of the foot. Such affected plantar skin is generally incapable of
withstanding even the stresses of normal walking and an ulcer may quickly form. The deciding
factor for the use of a molded shoe is, if the patient has less than 50% of normal weight-bearing
surface. Molded shoes consist of two parts. (1) molded insole and (2) rigid rocker outer sole.
The function of the molded insole is to conform to the shape of the foot, enabling the entire
plantar surface of the foot to participate in the weight-bearing process. This wider distribution
of weight-bearing reduces the risk of high-pressure lesions at vulnerable sites.
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Fig. 12.28: The three steps involved in the manufacturing moulded insole. The first procedure is making a
negative cast (extreme left). This is done by applying Plaster of Paris (PoP) bandage to the patient’s foot
in a semi-weight bearing position with knee and ankle at 90° angles. Next step is producing a positive cast
(middle) by filling the negative cast with PoP paste. This cast is used as a base to make a moulded insole
either with leather and cork (middle and right top) or ethylene vinyl acetate (right bottom).

Fig. 12.29: The foot shown in the left picture has more than 50 percent of plantar skin damage. Such foot
may require rigid rocker sandals (middle) or shoes (right) with moulded insole. The “rocker” should be
placed proximal to any area for which pressure relief is desired. In the shoe (right), the patient required
offloading of pressure in his metatarsal heads; therefore, the “rocker” was placed directly behind the meta-
tarsal heads. In the sandal (middle) the “rocker” at forefoot relieves the pressure at that site by shifting the
peak pressure areas posteriorly, to midfoot area.

The rocker sole provides a smooth rocking motion from heel to toe, without requiring
either the footwear or the foot itself to bend (Figs. 12.18 and 12.29). This results in very
little movement at the MTP joints and subsequently reduces motion at the ankle, subtalar,
talonavicular, calcaneocuboid and tarsometatarsal joints. Studies have shown that the rigid
rocker sole can reduce 30% of forefoot pressure during the push-off phase of gait by preventing
toe hyperextension.

Ankle-Foot Orthosis (Fig. 12.30): Ankle-foot orthosis (AFO) is also known as fixed ankle
brace (FAB). It helps to completely immobilize the foot and ankle in cases of instability at the
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Fig. 12.30: The foot in the extreme left has swelling due to neuroarthropathic changes at subtalar and
ankle joints. This foot needs AFO/FAB till the calf level. Three different types of AFOs/FABs are depicted in
the subsequent pictures on the right side. The first picture is a conventional orthosis. The second is made
of mouldable plastic sheets; the last picture is made of a resin material, which is bi-valved at calf level. AFO/
FAB comprises of orthosis, which extends from the heel to calf level, moulded insole with rigid rocker outer-
sole. Conventional orthosis is made of leather, metal strip and cork and also has a closed shoe. Therefore
it is much heavier compared to the other two devices.

subtalar or ankle joints. It is prescribed after surgically stabilizing the above instabilities
and also after resolution of an acute Charcot’s foot (see Fig. 12.26B), to protect these joints.
It functions by restricting all the joint movements in such feet, thereby reducing stress and
protecting the joints. A molded insole can be given to support the deformity and equalize the
plantar pressures. Alternatively an aircast walker (see Fig. 12.26A) can be used as a pneumatic
brace. The air cells in this brace can be adjusted by the patient for a custom fit within the strong
plastic shell.

Patellar Tendon Bearing Orthosis (see Fig. 12.23): When there is permanent destruction of joints
in the foot, extensive scarring of the plantar surface and a shortened foot becomes insufficient
to support the body weight during standing and walking. Such feet require a patella tendon
bearing orthosis. This is similar to the AFO/FAB, explained above, the only difference being
that the AFO/FAB comes to the level of the calf, whereas in the PTB it extends all the way up to
the knee joint. A shelf is made below the patella tendon to bear most of the body weight while
the foot bears minimal weight. This is used generally in patients with Charcot’s foot who need
off-loading and need to continue ambulation.

| SUMMARY

Majority of the injuries to the diabetic feet are due to repetitive mechanical stress on the soft
tissue with inability of the person to recognize it due to neuropathy. Dorsal ulcers are usually
related to footwear and this can be avoided by using a shoe/sandal of the appropriate size/
depth. Elevated plantar pressures affect microcirculation, lymph flow and interstitial transport
resulting in ischemia in the tissues. The primary goal of the footwear is to redistribute these
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forces acting at the foot sole interface equally. Modifications in the footwear are made in
the presence of biomechanical abnormalities causing focal pressure areas with a goal of off-
loading these areas prone to injury. Shoes with appropriate insoles (shore of 8 to 15) and a
curved or rockered outsole are effective in relieving plantar pressures. An excellent footwear

Flowchart 12.1: Algorithm for choosing footwear and braces.
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intervention can be a failure if the patient is not compliant with its use. Hence, education and
regular follow-up to assess its use and effectiveness are the key factors in the success of any
footwear prescribed.

An algorithm for choosing footwear and braces is described in Flowchart 12.1.
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SELF-ASSESSMENT

1.

Which of the following is not the mechanism of injury resulting in a plantar
ulceration?

(a) Low pressure over a short period of time

(b) High pressure over a short period of time

(c) Moderate repetitive pressure

(d) Low pressure over a long period of time

A 45-year-old lady, with type 2 diabetes presented with a callus on the 5th metatarsal

heads bilaterally. She has a history of recurrent ulceration on these sites. Foot

examination reveals bilateral motor and sensory neuropathy and high arch foot

type. What footwear will you prescribe to off-load 5th metatarsal heads?

(a) Microcellular rubber sandals with medical arch support

(b) Microcellular rubber sandals with an insole filler pad and clog/wedge in the outsole
for pressure relief

(c) Microcellular rubber sandals with filler metatarsal bar

(d) All of the above
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3. A 50-year-old man, with type 2 diabetes presented with a rocker foot deformity.
Radiographic investigation shows neuroarthropathic changes in the subtalar and
ankle joint. Which foot appliance will you prescribe?

(a) Microcellular rubber sandals
(b) Fixed ankle brace
(c) Patella tendon bearing orthosis
(d) None of the above
4. Microcellular rubber insole in a sandal:

(a) Will not change the total amount of weight borne by the foot
(b) Will decrease the amount of weight borne by the foot
(c) Will shift body weight from the heels to the ball of the foot
(d) None of the above
5. What happens to forefoot pressures with an increase in heel height when standing?
(a) Nothing (b) It decreases
(c) Itincreases (d) Itfluctuates

6. The purpose of the rocker bottom sole is to relieve the pressure on the
(a) Hindfoot (b) Midfoot
(c) Entire forefoot (d) All of the above

7. A 48-year-old male, with type 2 diabetes presented with healed scar under the 3rd
metatarsal head. Foot examination reveals glove and stocking anesthesia and low
arch foot type. What footwear will you prescribe to offload the 3rd metatarsal head?

(a) Microcellular rubber sandal with heel wedge
(b) Microcellular rubber sandal with combined pad (Medial arch support with
metatarsal bar)
(c) Microcellular rubber sandal with combined pad (Filler pad with metatarsal bar)
(d) Microcellular rubber footwear with back strap
8. A 56-year-old male, with type 1 diabetes has no history of foot ulcers or pressure
lesion but has stocking anesthesia. What footwear will you prescribe?
(a) Microcellular rubber sandal
(b) Microcellular rubber sandal with medial arch support.
(c) Microcellular rubber sandal with filler pad
(d) Microcellular rubber sandal with scooping

9. Match the following:

1. Shear stress (a) Measure softness of microcellular rubber

2. Paper grip test (b) Loose fitting footwear

3. Harris mat (c) Detects plantar intrinsic foot muscle paralysis
4. Microcellular rubber (d) Measure foot pressure

5. Durometer (e) A substitute for fatty pad tissue
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10. Match the following:

1. Commercial footwear

2. Microcellular rubber sandal with
back strap

3. Microcellular rubber sandal with
medial arch support

Patellar tendon bearing brace

Fixed ankle brace

(a)

(b)

(d)
(e)

Loss of protective sensation with/
without intrinsic muscle paralysis

Low risk foot

Very badly scarred feet (> two thirds
of weight bearing surface)

Unstable ankle and subtalar joint

Neuropathy with no pressure lesion
in mobile flat feet
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Hypertension

Sudeep K, Jubbin Jagan Jacob

“When kidneys are involved in the early phase,
The tendency’ is for the pressure to raise,
ACE, ARBs are the drugs which work,

But thiazides surely, we wouldn’t shirk”

Cardiovascular diseases are the most common macrovascular complications and the leading cause of death
in diabetes. Hypertension is an independent risk factor for vascular diseases and a leading contributor for car-
diovascular (CVS) mortality. When hypertension coexists with diabetes, there is a 7-fold increase in mortality.
Both diabetes and hypertension synergistically damage the vascular tree resulting in acceleration of retinal,
renal, cerebral and coronary vascular diseases.

DEFINITIONS

Hypertension in general population is defined as a blood pressure (BP) above or equal to
140/90 mm Hg. BP is classified as normal, “prehypertension’, stage 1 and stage 2 hypertension
(Table 13.1) depending on the systolic blood pressure (SBP) and diastolic blood pressure
(DBP) values. The JNC 6 committee recommended that the BP should be below 130/80 mm Hg
in patients with diabetes which was endorsed by the JNC 7 committee. The American Diabetic
Association also recommended a BP of below or equal to 130/80 mm Hg as the target BP for
patients with diabetes. The JNC 8 committee (2014) has recommended a BP of below 140/90
mm Hg as a reasonable target irrespective of the presence or absence of diabetes. It states that
in the population aged 18 years or older and with diabetes, pharmacologic treatment has to be
initiated and modified to maintain a goal of SBP below or equal to 140 mm Hg and DBP below
or equal to 90 mm Hg.

HYPERTENSION AND AGE

In type 1 diabetes, hypertension occurs at the onset of nephropathy. The incidence of
hypertension in type 1 diabetes rises from 5% at 10 years to 33% at 20 years and 70% at 40 years
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Table 13.1: General classification of hypertension (JNC-7).

BP classification SBP mm Hg* | DBP mm Hg* | Suggested interventions in DM

Normal below 120 below 80 Recheck BP at least annually

Prehypertensive 120-139 80-89 Try lifestyle modifications only for

(Not a disease category) 3 months before starting drug treatment

Stage 1 hypertension 140-159 90-99 Confirm BP reading and start lifestyle
modifications + single drug treatment

Stage 2 hypertension above or above or Confirm BP reading and start lifestyle modi-

equal to 160 | equalto 100 | fications + combination drug treatment

*If systolic BP and diastolic BP fall into different categories the higher value should be taken for clas-
sification.
(BP: Blood pressure; DBP: Diastolic blood pressure; SBP: Systolic blood pressure; DM: Diabetes milletus).

which is closely related to the onset of microalbuminuria and increases progressively as the
renal disease progresses. In type 2 diabetes, more than 50% of patients have hypertension even
at the time of diagnosis of diabetes. While DBP rises till age 50 and plateaus, SBP progresses
with advancing age. In children, the incidence of type 2 diabetes is progressively increasing
with increase in the incidence of obesity. Many of these obese children have features of
metabolic syndrome. Essential hypertension which was considered uncommon in children is
now the most common cause of hypertension in adolescents. In type 1 diabetes, the prevalence
of essential hypertension is not different from the general population.

HYPERTENSION AND THE VASCULAR SYSTEM

In hypertension, reduction in elasticity of blood vessels and endothelial damage allows lipids
to deposit in the form of atheromas, which in turn leads to thrombus/emboli formation and
ischemia. In the heart, concentric left ventricular hypertrophy (LVH) is caused by pressure
overload which results in diastolic dysfunction, i.e. compromised relaxation and filling. LVH
is an independent risk factor for sudden death as myocardial hypoxia due to increased muscle
mass accentuates ischemia and heart failure. Cardiac failure may commence as diastolic
dysfunction and eventually progresses to overt systolic failure. Strokes result from thrombosis,
thromboembolism or intracranial hemorrhage. There is progressive glomerular injury to the
kidneys with progressive albuminuria and subsequent glomerulosclerosis.

PATHOPHYSIOLOGY

A common pathophysiological mechanism contributes to the occurrence/exacerbation
of diabetes and hypertension since both are major components of metabolic syndrome
(Flowchart 13.1). The underlying insulin resistance and the resultant hyperinsulinemia affect
the nitric oxide pathway, sympathetic drive, smooth muscles cells multiplication and sodium
fluid status, all contributing to the pathogenesis of hypertension (Table 13.2). Hyperglycemia
also has a direct effect on the renin-angiotensin-aldosterone system (RAAS).
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Flowchart 13.1: Mechanisms of hypertension in diabetes.
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SECONDARY HYPERTENSION

About 5-10% subjects with hypertension have a potentially correctable secondary cause for
hypertension. In the presence of clinical or laboratory abnormalities (Table 13.3), evaluation
for secondary hypertension is indicated. Even when asymptomatic, preadolescent-onset
hypertension, resistant hypertension, hypertension in type 1 diabetes mellitus (DM) without
nephropathy, rapid onset hypertension all requires evaluation for a secondary cause. Drugs like
nasal decongestants, glucocorticoids, tricyclic antidepressants, sibutramine, amphetamine,
cocaine, oral contraceptives, etc. can increase the BP. Endocrine causes like hyperthyroidism
and hypothyroidism, Cushing’s syndrome, acromegaly, pheochromocytoma and primary
hyperaldosteronism (PA) are associated with hypertension and hyperglycemia.

Renovascular Hypertension

About 6% of the populations aged above 65 years, 33% of elderly patients with atherosclerotic
coronary artery disease and 50% of patients with diffuse atherosclerotic disease have significant
renovascular atherosclerosis. It is an independent risk factor for aggravation of CVS disease,
renal failure and activation of RAAS. It should be suspected in high risk groups (Table 13.4).
The two most common primary diseases are atherosclerotic renal artery stenosis (ARAS) and
fibromuscular dysplasia (FMD). ARAS accounts for 90% of all cases while FMD is the most
common cause of RAS in young adults. Significant ARAS is defined as a reduction in the lumen
diameter by at least 60%. However, recent studies have failed to show significant progression in
ARAS which may be due to the increased awareness for BP control and widespread statin use.
Renal revascularization is considered in situations such as resistant hypertension, progressive
renal insufficiency in the presence of salvageable kidneys and refractory congestive cardiac
failure (CCF) in the presence of bilateral renal artery stenosis. Due to lack of concrete evidences
to show that revascularization is beneficial, indiscriminate revascularization ARAS is no longer
advisable.
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Table 13.2: Pathophysiological mechanism of hypertension in diabetes.

Pathophysiological pathways

Mechanisms involved

Insulin resistance

Receptor specific resistance prevents the favorable effects of insulin
on the vascular and fat cells, while the unfavorable effects of insulin
are unhindered. The phosphatidylinositol-3-kinase signaling path-
way mediated glucose utilization, lipid metabolism and endothelium-
dependent vasodilatation (nitric oxide pathway) are defective. On the
other hand the extracellular signal-regulated kinase-dependent sodi-
um retention, activation of the sympathetic nervous system, vascular
smooth muscle cell (VSMC) proliferation, increase in VSMC cytosolic
calcium, induction of endothelin secretion and enhancement of vas-
cular lipid deposition all progress under the influence of hyperinsu-
linemia.

Sympathetic nervous system

An increase in the sympathetic activity and circulating norepineph-
rine has been observed in people with insulin resistance and obesity.

Sodium and water retention

Insulin promotes renal tubular reabsorption of sodium via the direct
stimulation of the Na/H antiport system or the Na, K-ATPase in the
renal tubule.

Renin-angiotensin-aldoster-
one system (RAAS)

Activation of the RAAS results in unregulated angiotensinogen II
activity through its AT1 receptor leading to the formation of reactive
oxygen species (ROS). Increase in the activity of the local tissue renin-
angiotensin system (especially vascular renin with local generation of
angiotensin II) and enhanced arterial sensitivity to angiotensin II is
a possible explanation for the progression of nephropathy in spite of
the systemic hyporeninemia and hypoaldosteronism.

Sodium-lithium (Na/Li)
counter transport

RBC Na/Li counter transport, which represents sodium reabsorp-
tion in the proximal tubule, has been found to be overactive in those
with diabetes and hypertension. First degree relatives of patients with
diabetic nephropathy also display increased activity of Na/Li counter
transport.

Genetic factors

Missense mutation of the p,-adrenergic receptor gene (ADRB3) is
associated with low resting metabolic rate, weight gain, early onset of
type 2 diabetes and hypertension.

Polymorphisms of the glucocorticoid receptor gene-enhanced acti-
vity of enzyme 11f3-hydroxysteroid dehydrogenase type 1 leading to
increased fat tissue-specific cortisol production and reduced inacti-
vation of cortisol by altered 11(3-hydroxysteroid dehydrogenase type
2 in fat cells.

Hyperglycemia

Glucose activates the nuclear transcription factor (NFkB) through a
PKC-dependent pathway and upregulates PAI-1 expression and angi-
otensin II-mediated action. Glycosuria stimulates fluid and sodium
reabsorption through the proximal tubule sodium-glucose cotrans-
porters. Hyperglycemia associated protein glycation can lead to arte-
rial stiffness.

(PAI-1: Plasminogen activator inhibitor-1; PKC: Protein kinase C)




Hypertension

Table 13.3: Clinical and laboratory abnormalities in secondary hypertension.

Clinical situations Etiology to be considered

Headache, flushing, sweating Pheochromocytoma

Central obesity, uncontrolled hypertension and hyperglycemia, proxi- | Cushing’s syndrome
mal myopathy and skin changes

Weight gain, edema, goiter, lethargy, diastolic hypertension and Hypothyroidism
bradycardia

Weight loss, goiter, hyperactivity, eye signs, systolic hypertension and | Hyperthyroidism
tachycardia

Brachial to femoral systolic blood pressure difference of above or Coarctation of aorta
equal to 20 mm Hg

Resistant hypertensions, renal artery bruit, renal impairment, flash | Renal artery stenosis
pulmonary edema, and/or atherosclerosis in other vascular territories.
Worsening creatinine on ACE inhibitors or ARBs

Apneic spells Obstructive sleep apnea
Spontaneous or diuretic induced hypokalemia, alkalosis Hyperaldosteronism
Multiple drug intake (including over the counter drugs) Drug-induced hypertension

(ACE: Angiotensin-converting-enzyme; ARB: Angiotensin receptor blocker).

Table 13.4: Evaluation for renovascular hypertension.

Patients with the following features should be screened for renal artery stenosis with an ultrasound
Doppler of the renal arteries

o Resistant hypertension

o Deterioration in renal functions on adding ARB or ACE inhibitor

o Unexplained renal failure with no urine sediments

o Patients with episodes of flash pulmonary edema with normal left ventricular functions
o Patients presenting with malignant hypertension.

Patients with following features should be screened for PA with a morning plasma aldosterone-renin ratio

o Resistant/ severe hypertension (when not controlled in spite of three antihypertensive drugs)
o Spontaneous or diuretic induced hypokalemia

¢ Young patients with cerebrovascular disease (< 40 years)

o Patients with adrenal incidentalomas

o In all hypertensive first-degree relatives of patients with PA

(ACE: Angiotensin-converting-enzyme; PA: Primary hyperaldosteronism).

Primary Hyperaldosteronism

Primary hyperaldosteronism is characterized by autonomous production of aldosterone by
an adrenal adenoma or by unilateral or bilateral adrenal hyperplasia resulting in low-renin
hypertension, sodium retention and hypokalemia. It is associated with a higher CVS morbidity
and mortality when compared to essential hypertension. More than 10% of hypertensive
patients are likely to have PA. Screening is recommended in high risk groups (Table 13.4).
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Some experts propose screening for PA in those patients with diabetes who do not meet
their BP goals in spite of treatment with more than three antihypertensive drugs. DM is more
prevalent in patients with PA than in hypertensive controls (23 vs 10%).The mechanisms for
impairment in glucose and lipid metabolism include the diabetogenic effect of hypokalemia
(impaired insulin release) and effects of aldosterone on the insulin receptor and adipose
tissues. As most antihypertensive agents interfere with renin activity (angiotensin-converting-
enzyme (ACE) inhibitors, angiotensin receptor blocker (ARB) and diuretics increase while
B-blockers decrease), plasma aldosterone-renin ratio (ARR) in the morning sample is used as
the screening test. The diagnosis is confirmed with suppression tests (either by saline loading or
by using fludrocortisone) which are followed by adrenal imaging using a CT scan.

MANAGEMENT OF HYPERTENSION

Screening and Initial Evaluation

o Seat the patient quietly for about 5 minutes with both
feet flat on the floor

o They should be stress-free and should have refrained
from smoking, exercise, alcohol or caffeine at least 30
minutes prior to BP measurement

o The bare arm supported at the level of the heart
should be used

o An appropriate sized cuff that covers 80% of the arm
should be used. The apparatus should have been
properly maintained and validated

o Take atleast two measurements, especially if the first
measurement is high

o Orthostatic measurement should be performed.

Blood pressure readings are considered accurate when an average of two or more proper
measurements on each of two or more office visits is taken. BP should be measured at every
routine visit for diabetes and a SBP of above or equal to 140 mm Hg or a DBP of above or
equal to 90 mm Hg should be confirmed on a separate day. On diagnosis, patient should be
evaluated for CVS disease, CVS risk factors and diabetes related complications. The initial
laboratory assessment includes renal function tests, hemogram, serum electrolytes, urine
albumin, urine microscopic examination, electrocardiogram and lipid profile. Based on the
investigation reports and clinical features, additional investigations to assess for end-organ
damage and tests to rule out secondary hypertension should be ordered.

Target Blood Pressure

Similar to glycemic control, control of hypertension is important in all subjects with diabetes.
The United Kingdom Prospective Diabetic Study (UKPDS) group had shown a significant
reduction in stroke; CVS morbidity and diabetes-related mortality after achieving tight BP
control (mean BP 144/82 mm Hg). Each 10 mm Hg of SBP reduction was associated with a 12%
reduction in any complication related to diabetes, 15% reduction in the deaths due to diabetes,
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11% reduction in myocardial infarction and 13% reduction in microvascular complications.
Also the benefits reaped (DBP, 87 mm Hg vs 82 mm Hg) were better than those of intensive
glucose control (mean HbA  level 7.9% vs 7.0%), with a 2-5 fold absolute risk reduction and
much lower numbers needed to treat. A DBP of below 80 mm Hg was associated with 50%
lesser morbidity than those who had a higher DBP in the hypertension optimum trial (HOT)
study. Hence in the presence of coexisting diabetes or chronic kidney disease, a target BP of
below or equal to 130/80 mm Hg was recommended by the JNC 7 committee. Therapy was
recommended in prehypertension if lifestyle modification failed to bring the BP to below or
equal to 130/80 mm Hg. Even though there is no defined lower limit, reducing the DBP to
below 60 mm Hg has an adverse CVS outcome and carries the burden of excess cost.

JNC 8 report: The committee considered that the evidences available to recommend a BP
below 130/80 mm Hg in adults with diabetes and hypertension are insufficient and has
pointed out that none of the randomized control trials (RCTs) have addressed the question of
whether treatment to an SBP goal of lower than 140 mm Hg improves health outcomes. Except
for the reduction in total stroke events, there were no differences in the primary outcome,
a composite of CVS death, nonfatal myocardial infarction and nonfatal stroke in action to
control cardiovascular risk in diabetes-blood pressure (ACCORD-BP) trial. Hence a target
BP of below or equal to 140/90 mm Hg has been recommended for all hypertensive groups
irrespective of their age, diabetic status and renal function. However, it has to be noted that the
target BP proposed by JNC 8 is grade E recommendation (expert opinion based on insufficient
evidence). Even in well-designed RCT such as the HOT trial where there was intensive volunteer
follow-up, only about 50% of the subjects could achieve the target BP. Hence the BP targets
need to be individualized so as to prevent worsening of renal and CVS function.

Nonpharmacologic Therapy of Hypertension

Initiation of lifestyle modifications like dietary changes, cessation of smoking and moderation
of alcohol consumption even at the prehypertensive stage are very important for successful
hypertension management. The dietary approach to stop hypertension (DASH) diet plan
with low sodium, low calorie, high potassium and high fiber in the diet has been proven to be
beneficial (Table 13.5). A decrease in the daily total salt intake from 4.5 g to 2.3 g can reduce
SBP by 5 mm Hg and DBP by 3 mm Hg. Simple physical activities like walking (30-45 minutes
for at least 5 days a week), jogging, cycling and swimming help in reducing body weight,
sympathetic pressor tone, insulin resistance, lipid levels and impart physical and social well-
being. Weight reduction has been shown to lower the need for medications (one kg weight loss
accounts to 1 mm Hg fall in BP).

Pharmacotherapy of Hypertension

If lifestyle modification fails to control BP to below 140/90 mm Hg, pharmacotherapy has
to be initiated (Table 13.6). There is limited data from trials comparing different classes of
antihypertensive drugs in diabetes and the choice is based on their ability to prevent adverse
CVS events and progression of renal disease. Even though certain groups have been shown
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Table 13.5: Lifestyle modifications for hypertensive subjects.

Lifestyle components | Modifications advised

Physical activity Moderate-intensity activity 30-45 minutes a day, at least 5 days a week

Smoking Complete abstinence

Alcohol Two drinks per day for men and one drink per day for women

Sodium To less than 2.4 g per day

DASH diet 6-8 servings of whole grains; 4-5 servings of fruits, vegetables; saturated fat
6% of total calories; total cholesterol intake to less than 150 mg/day. Adequate
potassium and magnesium in diet

Weight loss To maintain BMI less than 25 kg/m?

(BMI: Body mass index; DASH: Dietary approach to stop hypertension).

Table 13.6: Antihypertensive drug classes.

2) Loop diuretic
frusemide—10/20 mg
3) Potassium sparing
spironolactone
25/50/200 mg

hyperuricemia, hypergly-
cemia, hyponatremia

K+ sparing diuretic:
hyperkalemia

Class Drugs and dosage Side effects Practical considerations
Diuretics reduce 1) Thiazides Hypokalemia, Cheaper, effective in
plasma volume, hydrochlorothiazide hypomagnesemia, elderly, volume over-
cardiac output 12.5/25/50 mg erectile dysfunction load states and in sys-
and peripheral Indapamide 1.25/2.5mg | 1hiazides: hypercalcemia, tolic hypertension; have
resistance morbidity and mortality

reduction benefit; loop
diuretics used when
GFR is below or equal
to 50 mL/minutes/m?
and resistant BP

Angiotensin con-

Captopril 6.25/12.5/25 mg

Cough, postural hypo-

Reduce all-cause and

I and Il receptors

Olmesartan 20/40 mg

verting enzyme Ramipril 2.5/10/20 mg tension, skin rashes, CVS mortality; renal
inhibitors (ACEI) | Enalapril 5/10/20 mg angioedema, renal protection; favorable
Reduce aldos- Lisinopril 5/10/20 mg failure, hyperkalemia, metabolic profile;
terone increase Perindopril 2/4/8 mg teratogenicity; contraindicated in
bradykinin and contraindicated in bilat- | pregnancy;
prostacyclin eral renal artery stenosis;

Aldosterone Losartan 25/50/100 mg Similar to ACE inhibitors; | First alternative for
receptor blocker | Irbesartan 150/300 mg but no cough ACE inhibitors intoler-
(ARB) Valsartan 40/80//320 mg ance; renal protection
Block aldosterone | Lelmesartan 20/ 40/80 mg proven; studied more in

type 2 DMV; costlier.

Beta-blockers

Decrease in car-
diac output and
decreased periph-
eral resistance

Cardio selective

Atenolol 25/50/100 mg
Metaprolol 25/50/150 mg
Bisaprolol 5/10/20 mg

o + 3 blocker

Labetalol 100/200/400 mg
Carvedilol 12.5/25/50 mg

Should not be discontin-
ued abruptly; bronchoc-
onstriction, bradycardia,
vasospasm, erectile dys-
function, dyslipidemia

Cardio protective;
Reduced CV mortality;
mainly in diabetics with
CAD and supraven-
tricular tachycardia

Contd...




Hypertension
Contd...
Class Drugs and dosage Side effects Practical considerations
Calcium-channel |[DCCB Flushing, headache, pedal | No metabolic or sexual
blockers Nifidipine 30/60/120 mg  |edema, heart disturbances; antiangi-
Vasodilators; Amlodipine 5/10 mg failure and heart block nal; useful in elderly and
i ErERnee Tamell Nisoldipine 10/20/60 mg Raynaud’s phenomenon
blood flow; Cilnidipine 5/10/20 mg
Non-DCCB
Verapamil 40/80/240 mg
Diltiazem 30/60/120 mg

o-1 adrenergic

Prazosin 2.5/5/10/20 mg

Postural hypotension,

Improve insulin sensi-

rebound high BP

receptor blockers |Doxacin 1/2/4 mg cardiac failure tachycar- | tivity, are lipid neutral;
dia, edema useful in BPH
Central sympatho- | Methyldopa Sedation, hepatotoxicity, |Can be used in preg-
lytics 250/500/1,000/2,000 mg | hemolytic anemia nancy;
increases renal blood
flow.
Central o.-2 ago- Clonidine Dry mouth, sedation, Clonidine can bring
nists 0.1/0.2/0/6 mg erectile dysfunction; down BP rapidly

Peripherally Reserpine Depression, lethargy, Neutral metabolic
acting adrenergic |0.1/0.25 mg weight loss, peptic ulcer, |effect; cheaper
antagonists diarrhea, erectile dysfunc-

tion
Imidazoline Moxonidine 0.2/0.4 mg Supraphysiological doses |Improve insulin sensi-
receptor agonists | Rilmenidine 1.0/2.0 mg produced heart failure; tivity, are lipid neutral;
central action at contraindicated in can promote sodium
brain stem; angioedema; can produce |excretion
reduce sympathet- bradycardia;
ic activity should be avoided while

on f3 blocker

(CVS: Cardiovascular; CAD: Coronary artery disease; DCCB: Dihydropyridine calcium-channel blockers;
BP: Blood pressure; GFR: Glomerular filtration rate; BPH: Benign prostatic hypertrophy; DM: Diabetes
milletus).

to have advantage, it is the degree of BP reduction rather than the drug class that should be
considered primarily. Majority of the studies have used ACE inhibitors, ARB and diuretics as
the first line of therapy. ACE inhibitors/ARB in hypertensive diabetic patients with albuminuria
have been shown to improve CVS mortality and reduce the decline in glomerular filtration
rate (GFR).

The JNC 8 report: It recommends (grade B) thiazides, calcium-channel blockers (CCB), ACE
inhibitors or ARB as the initial agent for nonblack subjects. For black subjects it recommends
(grade C) thiazides and CCBs over ACE inhibitors as first line drugs. The group found convincing
evidence for thiazides to be more effective than ACE inhibitors in improving cerebrovascular,
heart failure and combined CVS outcomes in blacks. Except for heart failure outcomes, CCBs
were found to be similar to thiazides. The panel has recommended CCBs over ACE inhibitors
due to superior stroke prevention and more effective BP control.
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Flowchart 13.2: Treatment approach to a patient with diabetes and hypertension.
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Note: 1. In case of established coronary artery disease, 3-blocker can be considered.

2. If GFR more than equal to 50 mL/minutes, loop diuretics should be used instead of thiazides
(ADA: American diabetes association; ACE: Angiotensin-converting-enzyme; ARB: Angiotensin receptor
blocker; CCB: Calcium-channel blockers; GFR: Glomerular filtration rate).

Combination of drugs: Majority of patients require two or more drugs to achieve satisfactory
BP control. Once a patient requires more than one drug, a second drug with an alternative
mechanism of action has to be utilized (Flowchart 13.2). Fixed dose combinations can be used
if it suits the individual. Adverse effects like dyslipidemia, hyperglycemia, dyselectrolytemia,
worsening renal function, edema, cardiac failure, peripheral vasoconstriction, sexual
dysfunction and bronchoconstriction are a matter of concern with some antihypertensive
drugs. Dual RAAS inhibition with ACE inhibitors plus ARBs or ACE inhibitorsplus direct
renin inhibitors (DRIs) has not consistently shown to improve CVS or renal outcomes and is
associated with serious adverse events. It is not advocated at present.

| ANTIHYPERTENSIVE DRUGS (SEE TABLE 13.6)

Thiazides: Most commonly used as antihypertensive diuretics and are effective when the GFR
is above or equal to 50 mL/minute/m? They effectively reduce volume expansion and are
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complimentary to ACE inhibitors/ARB. They are associated with lower risk of heart failure,
stroke, combined CVS events, all-cause mortality and have been found to be as effective as
ACE inhibitors (Lisinopril) in reducing all-cause mortality. Metabolic side effects are a matter
of concern with higher doses.

Angiotensin-converting-enzyme inhibitors and angiotensin receptor blocker: Angiotensin-
converting-enzyme inhibitors have favorable effects on renal and CVS outcomes, as
demonstrated in the micro-HOPE study. This effect may be independent of BP reduction.
The recent ONTARGET study demonstrated similar benefits with telmisartan indicating that
ARBs are equivalent to ACE inhibitors. Recent studies have shown reduction in CVS morbidity
and mortality in subjects with LVH. They are lipid neutral, lower plasma glucose and reduce
albuminuria. Hyperkalemia, dry cough and worsening renal functions need monitoring.
Following the initiation of ACE inhibitors, an elevation in serum creatinine occurs temporarily
along with a transient fall in GFR both of which may improve subsequently. If the serum
creatinine rises by less than 30% or if there is hyperkalemia, then ACE inhibitors/ARBs should
be stopped.

Calcium-channel blockers: Non-dihydropyridine CCBs (e.g. diltiazem, verapamil) have
antialbuminuric effect and no adverse metabolic effects. But their renoprotective effect is
lesser than ACE inhibitors. Some smaller studies have shown an excess of cardiac events in
patients treated with dihydropyridine calcium channel blockers (DCCBs) compared with
ACE inhibitors. However when DCCBs were combined with ACE inhibitors, B-blockers and
diuretics as in the HOT study and the systolic hypertension in Europe (Syst-Eur) trial, they
did not appear to be associated with increased CVS morbidity. Cilnidipine (N-type and L-type
calcium-channel inhibitor) which inhibits excessive release of norepinephrine from the
sympathetic nerve ending is supposed to have a more favorable effect on glucose and lipid
metabolism and renal functions when compared to amlodipine (L-type calcium-channel
inhibitor).

Beta-blockers: They are particularly important in patients with diabetes who have coronary
artery disease and unstable angina. They reduce postmyocardial infarction mortality. Com-
bined nonselective -blockers like carvedilol have the advantage over drugs like metaprolol
and atenolol in that worsening of glycemic control is absent and antialbuminuric effect has
been documented. However they are not used as the primary agent for hypertension. Mask-
ing of hypoglycemia and worsening of peripheral vascular disease has been a concern with
nonselective 3-blockers.

Other drugs: There is very little information on the benefits of other group of antihyper-
tensive drugs (o-blockers, loop diuretics and central agents) in diabetic population. An
increased incidence of new onset heart failure was seen in the ALLHAT study when they were
on a-blockers. Hence they can be best used as an alternative when other agents are not toler-
ated or if there are coexisting problems like benign prostatic hyperplasia. Antihypertensive
drugs known to be effective and safe in pregnancy include methyldopa, labetalol, diltiazem,
clonidine and prazosin. Moxonidine is a centrally acting imidazoline receptor type 1 (found
in the ventromedial and venterolateral pressor areas of brain stem) agonist. They reduce the
sympathetic nerve activity, promote sodium excretion; improve insulin resistance and glucose
tolerance.
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PRINCIPLES IN MANAGEMENT OF
HYPERTENSION (SEE FLOWCHART 13.2)

All patients with diabetes and hypertension should maintain their BP below 140/90 mm Hg.
Drug therapy should be initiated in addition to lifestyle modification. The target may be
lowered to below 130/80 in those with proteinuria without producing adverse effects.
When a preferred group of antihypertensive drug is not tolerated or is contraindicated an
alternative agent should be initiated to achieve the target BP. In case of postural fall in BP,
salt and fluids intake and medication dose should be titrated carefully.

In the presence of albuminuria and nephropathy the first line drug is ACE inhibitors/
ARB unless there is a contraindication. In patients with type 1 diabetes with any degree of
proteinuria, ACE inhibitors have been shown to delay the progression. If ACE inhibitors are
not tolerated, ARBs may be used. In type 2 diabetes with macroalbuminuria (> 300 mg/24
hours), ARBs should be strongly considered. If ACE inhibitors/ARBs are used, monitor
renal function and serum potassium levels. In situations where such monitoring is not
possible, ACE inhibitors/ARB should be avoided and thiazide/CCBs should be initiated.
In those without albuminuria initial drug can be ACE inhibitors/ARB/thiazide/CCB
Beta-blockers are particularly effective in coronary artery disease especially in postmyo-
cardial infarction.

Those patients who are not achieving the target BP in spite of three drugs including a
diuretic and those with renal impairment should be referred to an expert. Urine analysis
for active sediments and renal artery Doppler should be ordered in appropriate situation.
Home BP monitoring and ambulatory BP monitoring: It helps to unmask previously
undiagnosed hypertension and “white-coat hypertension”. A more practical approach to
assess the above problems and is particularly useful in assessing BP in smokers as smoking
acutely increases BP. It helps in identifying apparent drug resistance (office resistance),
hypotensive symptoms with drugs, episodic hypertension and in autonomic dysfunction.

SUGGESTED READING

1. Cheung BM. The hypertension-diabetes continuum. J Cardiovasc Pharmacol. 2010;55(4):333-9.

Review

SELF-ASSESSMENT

1. The target blood pressure (BP) goal in a patient with diabetes is according to JNC 8

recommendations is:
(a) 130/85 mm Hg (b) 140/90 mm Hg
(c) 130/80 mm Hg (d) 125/80 mm Hg

(e) 135/85mm Hg
2. Following is true about angiotensin-converting-enzyme (ACE) inhibitors except:

(a) Favorable renal and cardiovascular outcome
(b) First-line drug in the management of macroalbuminuria in diabetes
(c) Contraindicated in bilateral renal artery stenosis
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(d) Serum potassium levels need to be monitored

(e) Can be used safely in pregnancy

Which is the false statement?

(a) P-blockers are favored in patients with ischemic heart disease (IHD)

(b) Calcium-channel blockers (CCBs) can reduce coronary events and albuminuria

(c) Thiazides are preferred in end-stage renal failure

(d) Beta-blockers should be preferably avoided in patients with peripheral vascular
disease

(e) Angiotensin receptor blocker (ARBs) have renoprotective effect

The following are true about except:

(a) Moxonidine decreases sympathetic activity

(b) Imidazoline group of drugs act on the brainstem and have a favorable metabolic
profile

(¢) a-methyldopa is safe in pregnancy

(d) Cilnidipine belongs to centrally acting group of drugs

(e) o-1receptor antagonists have a risk of precipitating cardiac failure

Pick up the correct statement about renal artery stenosis:

(a) Atherosclerosis is the commonest cause for renal artery stenosis

(b) It should be suspected in uncontrolled severe hypertension and acute pulmonary
edema

(c) Progression of stenosis has been shown to be slow with medical therapy

(d) Tobe called as significant stenosis, the lumen diameter should be compromised by
atleast 60%

(e) Once diagnosed angioplasty or bypass surgery should be done in all patients

Which of the following micronutrients do not have an inverse relationship with

blood pressure?

(a) Sodium (b) Calcium

(c) Potassium (d) Magnesium

Which of the following antihypertensive of choice for a 65-year-old gentleman with

type 2 diabetes and left ventricular dysfunction?

(a) o methyldopa

(b) Diuretics

(c) Beta-blockers

(d) Calcium-channel blockers (CCB)

(e) a-blockers

One kilogram of weight loss results in lowering of the mean arterial pressure by:

(a) 3mm Hg

(b) 2mm Hg

(c) 4mmHg

(d) 1mmHg

() 5mm Hg
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9.

10.

Twenty-five-year-old with type 1 diabetes has bilateral nonproliferative retinopathy.
Which of the following drugs has maximum impact on renal function?

(a) Diltiazem (b) Lisinopril

(c) Atenolol (d) Moxonidine

(e) Amlodipine

Moderate salt restriction results in a lowering of diastolic blood pressure of:

(a) 1-2mm Hg (b) 5-6 mm Hg

(c) Noimprovement in diastolic blood pressure (DBP)

(d) 4-5mmHg () 2-3mm Hg
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Nephropathy

Santosh Varghese, Suceena Alexander

“Hey man! How's your GFR?
Take ACE inhibitors and you'll get far,
With ARBs they may be the next,
Avoid NSAIDs and you won't be vexed”

Diabetes has become the most common cause of chronic kidney disease (CKD) in most countries. This is due
to the fact that diabetes, particularly type 2, is increasing in prevalence and these patients now live longer.
Patients with diabetic CKD are now accepted for renal replacement therapy (RRT) programs where formerly
they had been excluded. About 20-30% of all patients with type 1 or type 2 diabetes develop evidence of
nephropathy. The onset and course of diabetic nephropathy can be ameliorated to a very significant degree
by several interventions, but these interventions have their greatest impact if instituted at a point very early
in the course of the development of this complication. Once CKD develops, therapy must be geared toward
slowing the progression and prevention of complications and where that fails, preparation for RRT.

INTRODUCTION

With increases in the prevalence of type 2 diabetes, aging population and obesity, diabetic
nephropathy is vast assuming alarming proportions as many of them develop CKD. In fact,
nearly the world over, diabetes has become the most common cause of CKD in adults. Detection
of proteinuria is the hallmark of diabetic nephropathy. Domenico Cotugno was perhaps
the earliest to detect and describe proteinuria in patients with diabetes in his De Ischiade
Nervosa Commentarius in 1765. Knowledge of the natural history of diabetic nephropathy,
its clinical presentation, progression and treatment options is crucial for all physicians who
care for patients with diabetes.

The incidence of nephropathy differs between type 1 and 2 diabetes. In type 1 diabetes,
overt nephropathy occurs after 15-20 years of diagnosis and is seen in about 25-40% of patients.
The number seems to have decreased possibly due to better glycemic control and earlier
initiation of therapy targeted at preventing microvascular complications. In type 2 diabetes,
however, although the cumulative incidence is 25% after 20 years of diagnosis, in about
5-10%, diabetic nephropathy will be present at the time of diagnosis itself. The latter again
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is a feature underscoring the need for early diagnosis of diabetes mellitus through screening
programs, etc. Though unlikely to be causally related, mortality is higher in those who have
proteinuria with the risk being higher for those with markedly increased albuminuria (formerly
known as macroalbuminuria) as compared to those with moderately increased albuminuria
(formerly known as microalbuminuria).

DEFINITIONS

Diabetic nephropathy: Clinical syndrome characterized by persistent albuminuria (>300 mg/
24 hours or >200 pg/minute) on at least two occasions separated by 3-6 months. (Albuminuria
>300 mg/24 hours is equivalent to a total proteinuria >500 mg/24 hours). This is also called
severely increased albuminuria (formerly macroalbuminuria).

Moderately increased albuminuria (formerly microalbuminuria): Urine albumin excretion of
30-300 mg/24 hours or 20-200 pg/minute.

RISK FACTORS

The most important risk factor for the development of diabetic nephropathy is poor glycemic
control. In patients with poor glycemic control, uncontrolled hypertension may predispose
them further as was noted by studies that showed that those with HbAlc more than 12% and
uncontrolled hypertension were at a higher risk for developing nephropathy when followed
up for 20 years. Risk factors like hyperglycemia induced glomerular hyperfiltration, obesity,
smoking, dyslipidemia, degree of proteinuria at diagnosis and dietary factors, including
amount and type of ingested protein and fat have also been suggested as possible contributing
factors. Individuals who develop type 2 diabetes after the age of 50 years are considered more
prone to nephropathy. Family history of hypertension and cardiovascular events in the
first degree relatives may act as a sentinel to warn of impending development of nephro-
pathy. Intrauterine exposure to high blood sugars may also increase the risk of developing
nephropathy.

However, it has also been observed that in a group of patients with prolonged periods
of uncontrolled blood sugars, only 40% actually develop nephropathy. This has led to the
speculation that some have inherent susceptibility to diabetic nephropathy. The reasons for
this are incompletely understood. Familial clustering of diabetic nephropathy, like diabetes
itself has been described. Polymorphisms in angiotensin-converting enzyme, angiotensin
2 receptor, aldose reductase genes and others are implicated as the candidate genes. In both
type 1 and 2 diabetes mellitus, males are more prone to develop nephropathy. Certain ethnic
populations (Blacks, Mexican Americans, Pima Indians and South Asians) are at greater risk
for developing nephropathy.

CLASSIFICATION

Carl Erik Mogensen'’s classical description in 1983 of the five stages of diabetic nephropathy
was for type 1 diabetes mellitus. However, the general pattern remains the same for type 2
diabetes as well. These are briefly detailed below with emphasis on the clinical correlation
(Fig. 14.1).
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Fig. 14.1: Stages of diabetic nephropathy.

Stage 1: Stage of renal hypertrophy and glomerular hyperfiltration: In this stage, there is renal
hypertrophy, glomerular hyperfiltration and increase in glomerular filtration rate (GFR).
This sets in when the blood sugars are uncontrolled and both glomerular hyperfiltration and
increased GFR return to baseline with institution of good control of blood sugars.

Stage 2: Stage of apparent normalcy: This stage is clinically silent and lasts for 5-15 years.
Glomerular hyperfiltration continues during this period and is related to the degree of
hyperglycemia. If the blood sugars are above 250 mg/dL, there will be a reduction of GFR,
which is otherwise not a regular characteristic of this stage.

Stage 3: Stage of moderately increased albuminuria (formerly microalbuminuria) or incipient
nephropathy: This stage typically occurs after 6-15 years after the diagnosis of diabetes and
occurs in about 20-30% of patients with type 1 diabetes. The albumin excretion in the urine
is in the range of 30-300 mg/24 hours. There are two more important characteristics of this
stage. There is a small increase in the blood pressure and a loss of the normal “dipping” of the
nocturnal blood pressure. The GFR usually remains almost stable in this stage. To avoid false
positives (e.g. following strenuous exercise, excessive protein intake, fluid overload, urinary
tract infections and pregnancy), the test should be repeated within three months. Other
associations reported with moderately increased albuminuria are dyslipidemia, retinopathy,
amputation and increased cardiovascular disease. Moderately increased albuminuria also
predicts increased cardiovascular mortality. Hence, the patient may die before uremia sets in.
The impact of nephropathy on survival is discussed below.

This stage is arguably the most important; since, although diabetic nephropathy has set
in, it is potentially reversible. This degree of albuminuria may remain stable or regress with
blood sugar and blood pressure control and fortunately, less than 50% progress to the next
stage, i.e. overt nephropathy.

Stage 4: Stage of overt (or established) nephropathy: This stage sets in typically after 15-18 years
after a diagnosis of diabetes is made and occurs in 25-45% of patients. Unlike the previous
stage, this stage is irreversible and all attempts are aimed at preventing patients from reaching
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this stage. With good glycemic control (HbAlc <7.0) the number may be as low as 8.9%.
In this stage, proteinuria increases and nephrotic syndrome is common. Most patients will
have hypertension now and the GFR declines in the majority and at a rate as high as 10 mL/
minute/year. The progression of disease is usually unremitting in type 1 and many patients
progress to stage 5. In type 2, however, the progression to stage 5 is not invariable and
in many, the proteinuria may actually regress to lower levels. This stage is also associated
with dyslipidemia and asymptomatic myocardial ischemia.

The risk for renal failure doubles when baseline protein value doubles, whereas halving
of proteinuria decreases the risk of renal failure by half.

Isolated microscopic hematuria may occur in up to 66% of patients with overt diabetic
nephropathy and by itself, does not imply a proliferative glomerular disease as was previously
thought. However, red blood cells (RBC) casts are uncommon and may suggest the presence
of the latter, especially when accompanied by rapid worsening of renal function.

Stage 5: End stage renal disease: The terminal stage of diabetic nephropathy typically occurs
about 25 years or more after the initial diagnosis of diabetes and after a median of 7 years
after the stage of overt nephropathy. In those with poor glycemic diagnosis of diabetes, the
incidence is less than 2%, once again underscoring the importance of blood sugar control.

By comparison, the rate of decline of GFR in type 2 diabetes with overt nephropathy can
range from 1 mL/minute/year to 20 mL/minute/year, though usually it is 5-10 mL/minute/
year. The rate of decline of GFR is generally predictable in a patient unless another illness
superimposes causing a steep decline in the GFR.

Those who progress rapidly are characterized by poorer glycemic control, higher blood
pressures, initial high urine albumin excretion rates (AER), hypercholesterolemia and smoking.

SURVIVAL IN PATIENTS WITH DIABETIC NEPHROPATHY

In both type 1 and type 2 diabetes, diabetic nephropathy increases mortality risk. While
diabetes itself increases the risk of death about 2-fold, this risk reaches 20-200-fold in
those with nephropathy. The increased risk of dying starts from the upper normal range of
microalbuminuria itself and hence, the need for prevention of nephropathy by glycemic
control. Albuminuria is a reflector of endothelial cell dysfunction and is associated with
increased atherosclerosis, hypertension, dyslipidemia, increased inflammatory markers,
platelet aggregation, cardiovascular risk and autonomic neuropathy. The latter may predispose
to arrhythmias and risk of death.

PATHOGENESIS OF NEPHROPATHY

The primary insult to the kidneys in a patient with diabetes is hyperglycemia. In the patient
who develops nephropathy, hypertension and proteinuria add insult to the injury. It is
postulated that an increase in the intracellular glucose leads to its oxidation and oxygen
free radical generation. This step results in activation of four pathways that finally result in
the development of nephropathy. These are the protein kinase c pathway, polyol pathway,
hexosamine pathway and formation of advanced glycation end products. The end result
is overproduction of cytokines like transforming growth factor beta (TGF-B1), connective
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tissue growth factor (CTGF), vascular endothelial growth factor (VEGF), AT1, prorenin, etc.
which induce fibrosis and increase vascular permeability. Systemic and intraglomerular
hypertension exert mechanical stress over the extracellular matrix and mesangial cells and
induce expression of similar cytokines. The intraglomerular hypertension in diabetic kidneys
is due to a selective vasodilatation of the afferent arterioles. Once proteinuria starts, it further
damages the kidney because accumulation of protein in the tubular cells initiates epithelial
mesenchymal cell transformation, leading to formation of fibroblasts, matrix formation
and chronic tubular injury. Chronic tubular hypoxia is another mechanism of direct damage
to tubules in diabetic nephropathy, both for initiation and progression of disease. Despite
the description of the possible pathogenetic mechanisms, there is no single clinically
useful agent or drug available that has been shown to consistently interrupt the development
of nephropathy.

PATHOLOGY

There are three main changes that are seen in diabetic nephropathy. In the glomeruli, there
is expansion of the mesangium that is a direct result of hyperglycemia, by increased
production of matrix or by their glycosylation. These may result in a nodular appearance
called Kimmelstiel-Wilson nodules and is seen in nearly half of those who develop overt
nephropathy. The second change seen is thickening of glomerular basement membrane.
The third pattern of injury is glomerular sclerosis caused by intraglomerular hypertension
(due to dilatation of the afferent renal artery or ischemic injury due to narrowing of vessels
supplying the glomeruli). The prognostic significance of these different histological patterns is
similar. The Renal Pathology Society introduced a pathological classification of diabetic
nephropathy in 2010. These are useful for prognostication where available but are not used
in daily practice. The usual indications for renal biopsy in diabetic with renal dysfunction
are discussed below.

Screening

For early detection of nephropathy, it is recommended that all type I diabetes, 5 years after
diagnosis and over 12 years of age should have urine screened for moderate increase in
albumin excretion (formerly microalbumin) yearly. All type II diabetics should have their
urine screened at diagnosis and thereafter yearly. Those who have moderately increased
albuminuria (formerly microalbuminuria) should have their urine tested on two more
occasions with overnight urine collections. Those who have elevated urine albumin should be
screened every 6 months.
Screening can be done by three methods:
1. Random (preferably early morning) urine sample: Albumin to creatinine ratio
2. Twenty-four hours’ urine protein collection
3. Timed urine collection.

The initial screening may be done using a standard urine dipstick which is specific
for albumin. If negative, moderate increase in albuminuria (formerly microalbuminuria)
must be excluded by an albumin to creatinine ratio. Estimation of this ratio is based on
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the presumption that the average excretion of albumin is less than 30 mg/day and that of
creatinine is about 1 g/day, resulting in a normal ratio of less than 0.03. Understandably, the
ratio is lower in muscular individuals who excrete more creatinine and higher in those with
low muscle mass. Twenty-four hours estimations are cumbersome but are the best to estimate
proteinuria once it reaches levels corresponding to severely increased albuminuria (formerly
macroalbuminuria). Care must be taken to avoid screening when there is any associated
condition that may increase albumin excretion, e.g. fever, uncontrolled hypertension,
congestive heart failure, urinary tract infection and following vigorous exercise.

Concomitant estimation of GFR (discussed later) should also be done at screening and
thereafter yearly.

Clinical Presentation

Early in the course of illness (especially when picked up during screening), diabetic nephro-
pathy is asymptomatic. If there is established nephropathy, there may be history of fatigue,
foamy urine and pedal edema secondary to hypoalbuminemia (especially if the proteinuria
is in the nephrotic range). There may be associated diabetic retinopathy, peripheral vascular
disease, hypertension or coronary artery disease.

DIFFERENTIATING FROM OTHER CAUSES OF KIDNEY DISEASES

In general, the etiology of nephropathy in a diabetic is diabetic nephropathy but there are
important exceptions to watch out for.

Decline of Glomerular Filtration Rate without Proteinuria

This can indicate interstitial nephritis (acute or chronic, including pyelonephritis),
hypertension (including renovascular hypertension), etc. If this decline occurs very rapidly, it
may indicate a crescentic glomerulonephritis.

Absence of Retinopathy

Retinopathy and nephropathy have a concordance rate of 85-99% in type I and 63% in type 2
diabetes. Therefore, the absence of retinopathy is a strong indicator toward consideration of
another glomerular disease.

Sudden and Rapid Onset of Proteinuria

Sudden onset and rapid progression of proteinuria, development of nephrotic syndrome
without the stage of microalbuminuria, especially occurring with known disease duration of
less than 5 years may indicate an alternative glomerular pathology.

Macroscopic Hematuria and/or Red Blood Cells Casts in Urine

Macroscopic hematuria and RBC casts are unusual in diabetic nephropathy and suggest a
proliferative glomerulonephritis.
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Presence of Systemic Symptoms

Presence of skin rash, arthritis, fever and other constitutional symptoms suggest an
autoimmune disorder like systemic lupus erythematosus as an alternative etiology.

All the above instances warrant immediate referral to a nephrologist. A renal biopsy may
be indicated and especially in a case of crescentic glomerulonephritis, urgent intervention
may help in salvaging kidney function.

MANAGEMENT

Prevention is Better than Cure!

Early initiation of strict glycemic control (HbAlc < 7%) has been proven to reduce the risk
of reaching the stage of moderately increased albuminuria (formerly microalbuminuria) or
incipient nephropathy, slow the progression to overt nephropathy and reduction in GFR. The
Diabetes Control and Complications Trial (DCCT) (in patients with type 1 diabetes) showed a
39% reduction in the risk of developing moderately increased albuminuria and a 54% reduc-
tion in the occurrence of overt nephropathy in the intensively treated group. Further follow-up
of the DCCT cohort showed that strict glycemic control reduced impaired GFR or death
by 37%. Similarly the United Kingdom Prospective Diabetes Study (UKPDS) in type 2 diabetes
showed a 25% risk reduction in microvascular complications in the intensively treated
group. At 12 years, this group had a lower proportion that had doubling of creatinine (0.91 vs
3.52%, P = 0.0028).

Once overt nephropathy has set in, it is controversial if strict control is beneficial and
indeed, may lead to increased risk of hypoglycemic episodes. Indeed, several patients are
discovered to have nephropathy when they develop recurrent hypoglycemia. Glycemic control
at this point may stabilize or decrease the protein excretion but the benefit becomes apparent
only after maintaining relative normoglycemia for at least 2 years. One must not forget that
other complications, e.g. severe nonproliferative diabetic retinopathy may be also present and
that coincident tight control may be required to prevent these complications from becoming
worse.

Primary prevention: Prevent kidney disease from occurring at all by modifying, removing or
avoiding risk factors that predispose to renal disease.

Secondary prevention: Identifying factors that aid or hasten progression of kidney disease and/
or accelerate loss of kidney function, and preventing or removing such factors.

Tertiary prevention: Proper early management of CKD.
Management plan for the different stages of diabetic nephropathy is shown in the Figure 14.2.

Renin-Angiotensin-Aldosterone System Blockade

Renin-angiotensin-aldosterone system (RAAS) blockade has several benefits in the
management of patients with diabetic nephropathy. Drugs that block RAAS have been shown
to be useful at all levels—primary, secondary and tertiary prevention with one important
difference between type 1 and 2 diabetes. Studies have failed in demonstrating any benefit of
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Fig. 14.2: Management plan for the different stages of diabetic nephropathy.
(CKD: Chronic kidney disease; GFR: Glomerular filtration rate).

giving either an angiotensin-converting-enzyme (ACE) inhibitor or an angiotensin receptor
blocker (ARB) in preventing the onset of the stage of moderately increased albuminuria in
type 1 diabetes. However, in patients with type 2 diabetes and hypertension, both ACE
inhibitors and ARBs are efficacious in preventing the onset of the stage of moderately
increased albuminuria, i.e. primary prevention of diabetic nephropathy. The role in those
who are normotensive is less clear though some studies do show some benefit. Once
moderately increased albuminuria sets in, either an ACE inhibitor or ARB can be used in
effecting a decrease in proteinuria and rate of decline of renal function in both type 1 and
type 2 diabetic nephropathy. However, patients who have advanced CKD are likely to continue
to progress despite RAAS blockade, although more slowly. Adding an aldosterone antagonist
like spironolactone has been shown to reduce proteinuria and the degree of reduction in
proteinuria is more in combination with either an ACE inhibitor or an ARB. However, two
important points need to be borne in mind. Addition of an aldosterone antagonist may
worsen the risk of hyperkalemia in these patients. Also, its effect in retarding the decline of
renal function is still unknown. For these two important reasons, routine administration of
aldosterone antagonists in diabetic nephropathy is not common practice. The combination
of ACE inhibitor and an ARB has also become controversial in recent times. In patients with
type 1 and 2 diabetes, combination of an ACE inhibitor with an ARB is superior to either given
alone in reduction of proteinuria. However, a large trial (ONTARGET) found that combina-
tion therapy was more likely to be associated with hypotension, syncope, hyperkalemia and
worsening of renal function. There was also an increased risk of death in the group receiving
combination therapy. A meta-analysis of four studies (17337 patients) using combination
therapy for left ventricular dysfunction also showed a similar increased risks of hypotension,
hyperkalemia and worsening of renal function. In the light of this new data, combination
therapy is now used less commonly.

In practice, we could start either an ACE inhibitor or an ARB. If there is intolerance to one
class, the other may be substituted. There is some evidence to suggest that higher the dose the
greater the benefit in reduction of proteinuria and, therefore, prescribing the highest tolerated
dose would be prudent. Both ACE inhibitors and ARBs are contraindicated in pregnancy and,
therefore, should be used with caution in women in the reproductive age-group and must be
stopped before pregnancy is planned.
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Control of Hypertension

Hypertension is common in patients with diabetes. It usually occurs in stage 4 or late in
stage 3 of nephropathy in type 1 but may be present at or shortly after diagnosis in type 2
diabetes. Apart from diabetic nephropathy per se (the most common etiology in type 1),
hypertension occurs because of insulin resistance and consequential hyperinsulinemia,
vessel wall thickness, activation of the RAAS, direct sympathetic activation, salt retention
and volume expansion. Even in those who are apparently normotensive, the response to
exercise is exaggerated. Vascular changes causing an increased systolic and diminished
diastolic pressure and isolated systolic hypertension is common in type 2 diabetes. The
lower diastolic pressure increases risk of acute coronary events as perfusion to the coro-
nary arteries occurs only during diastole. Antihypertensive therapy (nonpharmacologic
followed by drugs) must be started at a blood pressure (BP) of 130/85 mm Hg with a goal of
125/75 mm Hg in proteinuric patients to reduce progression of diabetic nephropathy. In
the absence of proteinuria, the BP goal is 130/80 mm Hg. Appropriate antihypertensive
intervention can significantly reduce mortality from 94 % to 45% and a reduction in the need
for dialysis and transplantation from 73% to 31% 16 years after the development of overt
nephropathy. From the UKPDS data, it was seen that when a lower systolic blood pressure
was maintained, in addition to a lower incidence of renal failure, other medical complications
like myocardial infarction (MI), sudden death, stroke, heart failure, etc. were also reduced.
In patients with isolated systolic hypertension with a systolic pressure of 180 mm Hg, the
initial goal of treatment is to gradually lower the systolic blood pressure in stages. If initial
goals are met and well tolerated, further lowering may be indicated. The hypertension optimal
treatment trial showed that in patients with diabetes, reducing diastolic blood pressure
from 85 mm Hg to 81 mm Hg reduced the risk of cardiovascular events by 50%. For reasons
discussed in the previous section, an ACE inhibitor or an ARB is the drug of initial choice.
As suggested above, these drugs should be used at the highest tolerated doses for maximal
efficacy of proteinuria reduction. Addition of a low dose of a thiazide diuretic potentiates
the antihypertensive effect of ACE inhibitors and ARBs. However, a dihydropyridine calcium-
channel blocker like amlodipine may provide better cardiovascular protection in combina-
tion with an ACE inhibitor than a diuretic. Nondihydropyridine calcium-channel blockers
like diltiazem or verapamil may reduce proteinuria and addition to an ARB may be better
than either alone. Beta-blockers and alpha-blockers also may be used in the treatment
of hypertension in diabetic nephropathy, though with the former there are concerns of
worsening peripheral vascular disease and masking of hypoglycemic symptoms.

Dietary Restriction

Obviously calorie restriction is necessary for all patients with diabetes. High salt intake blunts
the antiproteinuric effects of ACE inhibitors. Also seen is that salt restriction to less than
equal to 70 mEq/day enhances the antiproteinuric effects of ARBs. Hence, salt restriction
is advised to patients with diabetic nephropathy. Salt restriction also reduces the edema
in patients with advanced nephropathy. Simultaneous administration of a diuretic will
also help by natriuresis. It is unclear whether dietary protein restriction reduces the decline
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in GFR in diabetic nephropathy. But once there is evidence of CKD, protein restriction to
0.8 g/kg/day and potassium restriction to 0.9 mEq/kg/day is to be enforced while continuing
salt restriction. This is best prescribed by a dietician; however, the rule of thumb in dietary
prescription would be avoidance of salty food, no added salt to the diet and avoidance
of potassium-rich food (fruits, juices, tender coconut water, etc.). Fruits that are permitted
are papayas, guavas, apples and pineapples.

Lifestyle Modification

Obese patients with diabetic nephropathy should be encouraged to lose weight as it is asso-
ciated with marked decrease in proteinuria. Exercise and avoidance of smoking is also
beneficial.

Lipid Lowering

Dyslipidemia is an important risk factor for progression of CKD and patients with diabetic
nephropathy and CKD with may need medical therapy with statins in addition to dietary
restrictions and weight reduction. The Kidney Disease Improving Global Outcome (KDIGO)
clinical practice guideline for lipid management in CKD 2013 completely abandons the
Adult Treatment Panel III (ATP IIT) guidelines hitherto followed. All patients with CKD are
to be screened for dyslipidemia upon initial diagnosis of CKD for diagnosis of secondary
dyslipidemia, not for assessment of coronary artery disease risk. Thereafter, serial monitoring
of lipids is no longer necessary. In all patients with diabetes mellitus and CKD, the rate of
coronary death or nonfatal MI is estimated to be above 10 per 1000 patient-years and are to
receive lipid lowering therapy with statins or statin/ezetimibe combination, irrespective of
age. The choice of statin and dose will depend on the route of drug elimination. Atorvastatin
has only minimal renal elimination while rosuvastatin and simvastatin have 10% and 13%
urinary excretion respectively and hence require lower doses to be administered. Statins
are to be continued indefinitely and also during the stages of dialysis and transplantation.
Fenofibrate by its action of decreasing inflammation and production of type I collagen in
mesangial cells may prevent the onset of increased urinary albumin excretion. The dose of
fenofibrate needs to be halved when the estimated glomerular filtration rate (eGFR) drops
below 60 mL/minute/1.73 m?* and further reduction to 25% when the eGFR drops below
30 mL/minute/1.73 m?and below 15 mL/minute/1.73 m?, it is contraindicated.

WHAT SHOULD BE DONE WHEN THE
GFR HAS BEGUN TO DECLINE?

Once the GFR begins to decline, there is no reversal possible. What we attempt aims at slowing
the progression of disease and this must be discussed with the patient.

Proven benefits to slow the progression are:

e Diet (as discussed above)

e Strict blood pressure control
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e Angiotensin-converting-enzyme inhibitor/Angiotensin receptor blocker therapy: Use of
ACE inhibitors or ARBs may exacerbate hyperkalemia in patients with advanced renal
insufficiency and/or hyporeninemic hypoaldosteronism. In older patients with bilateral
renal artery stenosis and in patients with advanced renal disease even without renal artery
stenosis, ACE inhibitors may cause a rapid decline in renal function. Potassium restriction
in diet and addition of a thiazide diuretic may permit continuation of these drugs.

The GFR must be estimated monthly to assess the rate of decline of renal function. This
can be done by measuring serum creatinine and using the GFR estimation formulae. The
abbreviated modification of diet in renal disease (MDRD) and chronic kidney disease
epidemiology collaboration (CKD-EPI) formulae are more accurate but need computer
software for calculation. The Cockcroft and Gault equation is easily calculated and is ideal
for the bed side.

Creatinine clearance = [(140 - age) x Wt]/[serum creatinine x 72]

This value is multiplied by 0.85 to estimate the GFR and by a further 0.85 in women.

The estimation of GFR enables us to categorize (or stage) CKD. A patient is said to have
CKD when kidney damage (e.g. AER > 30 mg/day or decreased kidney function (GFR < 60 mL/
minute/1.73 m?) is present for more than equal to 3 months. This staging is not unique to
diabetic nephropathy but is applicable to all causes of CKD. Staging allows risk stratification
and guides management. The stages are given in Figure 14.3. Stage G5 is called the stage of
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kidney failure and 5D (or end stage renal disease) is the stage after initiation of RRT. Efforts
are made to prevent the patient from reaching this stage. If the GFR is near or less than
15 mL/minute/1.73 m? the patient must be prepared for RRT (detailed below).

AVOIDANCE OF FURTHER INJURY

Another important precaution to observe is to avoid additional insults. This commonly occurs
due to commonly prescribed drugs like nonsteroidal anti-inflammatory drugs (NSAIDs) and
aminoglycosides (Inj. gentamicin, amikacin, etc.). Coronary artery disease may be present in
some diabetics and the contrast agents used for coronary angiography may cause contrast-
induced nephropathy. Here, when the benefits outweigh the risk, the procedure must be
done explaining the possible risk of deterioration of renal function to the patient. Another
potential danger in our country is the widespread use of alternative remedies. Though,
unproven some of the alternate medicines may have a deleterious effect on the kidney and
it may be prudent to exercise caution in indiscriminate use of these drugs. If during the course
of follow-up, the patient develops hypovolemia due to some reason, ACE inhibitors, ARBs
and diuretics may need to be temporarily withheld to prevent acute worsening of kidney
function. Flowchart 14.1 shows the management of patients with moderately or severely
increased albuminuria.

SUPPORTIVE TREATMENT FOR THE
CHRONICKIDNEY DISEASE PATIENT

Lifestyle Modifications

Lifestyle modifications are continued including weight reduction (if necessary) to target
BMI less than 25 kg/m? avoidance of tobacco and regular aerobic exercises for at least
30 minutes/day.

Control of Dyslipidemia

A combination of diet, exercise and statins are necessary as discussed above. If not already
on statins, new addition of statins once the patient has been started on dialysis is probably
not useful.

Phosphate Binders and Vitamin D Analogs

Once the GFR declines to less than 60 mL/minute, there is retention of phosphate by the
failing kidney and phosphate binders are often needed to prevent secondary hyperpara-
thyroidism. The most common phosphate binders used are calcium-based preparation
(acetate or carbonate) given after each meal. However, these have the potential adverse effect
of hypercalcemia and coronary vascular calcification. The noncalcium-based phosphate
binders (sevelamer carbonate and lanthanum carbonate) are less likely to cause these adverse
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Flowchart 14.1: Algorithm for management of patients with moderately or severely increased albuminuria.
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effects but are much more expensive. The survival benefit of noncalcium-based phosphate
binders is yet unproven. The serum calcium and phosphate must be checked monthly
especially as CKD advances and serum phosphate kept within target range. The target calcium is
at the low normal range. Vitamin D is given in the dose of 0.25 pg of calcitriol on alternate
days (starting dose). This usually suppresses the parathyroid hormone (PTH), which is
checked three-monthly. Vitamin D analogs may be preferred as these are less prone to cause
hypercalcemia and coronary calcification. Vitamin D may also increase the hyperphosphatemia
by increasing intestinal phosphate absorption. The limiting factors for vitamin D analogs are
cost and availability. Phosphate binders like aluminum hydroxide, magnesium hydroxide and
calcium citrate are avoided in CKD. The phosphate binding ability of these binders is limited
and effective only if there is adherence to phosphate restriction in the diet (Flowchart 14.2).
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Flowchart 14.2: Algorithm for phosphate binders and vitamin D/analogs in advanced CKD.
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(CKD: Chronic kidney disease; PTH: Parathyroid hormone).

Treatment of Anemia

Among patients with CKD and anemia, an extensive evaluation should be done to exclude
causes of anemia other than erythropoietin (EPO) deficiency prior to initiating therapy
with erythropoiesis-stimulating agents (ESAs). The first approved ESA was recombinant
human erythropoietin (rhEPO). It is usually started in the dose 50-150 units/kg/week. The
commonly prescribed starting dose is 2,000 units administered subcutaneously (or intra-
venously) twice a week. Alternatives to EPO are continuous erythropoietin receptor activator
(CERA) and darbepoetin, both of which have the advantage of two-weekly or monthly
administration. Darbepoetin alfa has a higher potency and a longer half-life than rhEPO. The
recommended starting dose in EPO naive patients is 0.45 pg/kg administered once weekly.
Less frequent dosing (i.e. monthly dosing) is also useful in many patients. Darbepoetin alfa
can also be given either intravenously or subcutaneously. The dose can then be titrated to
achieve the target Hb levels between 10 g/dL and 11.5 g/dL. There is increasing evidence
that there is little benefit, and even potential risk, associated with targeting and maintaining
Hb levels greater than 12 g/dL in predialysis patients. Major adverse consequences reported
with normal or near-normal Hb levels include increased mortality, cerebrovascular events,
arteriovenous access thrombosis and hypertension. The most recent boxed warning on
ESAs recommends that the benefit to risk ratio of ESAs should be carefully considered before
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recommending ESAs. The insert states that the dosage should be individualized and the
lowest dose of ESA sufficient to reduce the need for transfusion should be used. ESAs should
be considered only when the Hb is less than 10 g/dL. Concomitant iron deficiency must
be looked for and if present, intravenous iron sucrose 100-200 mg in 100 mL normal saline can
be given once or twice weekly for a total of 10 doses.

Avoidance of Fluid Overload,
Hyperkalemia and Metabolic Acidosis

Intravascular volume balance is usually well compensated until late CKD G4 or G5, unless
there is concomitant hypoalbuminemia. Salt and fluid restriction is to be initiated initially
and loop diuretics may be added thereafter. Hyperkalemia is avoided by strict adherence
to diet. ACE inhibitors or ARBs may require to be stopped as well. Retention of H* ions in
CKD leads to metabolic acidosis (serum bicarbonate between 12 mEq/L and 20 mEq/L).
Bicarbonate therapy in CKD has done a volte-face in recent times with evidence of bicarbo-
nate therapy having the ability to slow down the progression of CKD. Correction of acidosis
can reduce the bone buffering of H* ions, thus decreasing the damage due to impaired
bone and mineral metabolism in CKD. Also, acidosis may cause skeletal muscle break down
and diminish albumin synthesis. Bicarbonate therapy has been shown to increase lean
body mass and serum albumin. Hence, sodium bicarbonate (or citrate, if intolerant to bicar-
bonate) at a dose of 0.5-1 mEq/kg/day is given to maintain the serum bicarbonate above
23 mEq/L. Typically, in CKD G4 and G5, electrolytes are tested monthly.

INVESTIGATIONS

Investigations for the different stages of diabetic nephropathy and CKD are given in Table 14.1.

RENAL REPLACEMENT THERAPY

Despite all efforts, if the GFR continues to steadily decline and reaches about 20 mL/minute,
it is prudent to start planning for RRT. The patient and the family must be psychologically
supported at this time and they must be helped to make an informed decision about
the feasibility of RRT. In our country where the majority have to bear the expenses of RRT,
options and their costs must be frankly dealt with. Initiation of RRT must never be an emotional
decision rather a deliberate one as expenses for the same will have to be borne throughout
the lifetime of the patient. Timely construction of an arteriovenous fistula and vaccination

Table 14.1: Investigations to be done in the different stages of diabetic nephropathy and CKD.

Hemoglobin Ca, P PTH
Target (g/ Target (P) Target
Frequency dL) Frequency mg/dL Frequency (pg/mL)
CKD G3 Monthly 10.5-11.5 6 monthly 2.7-4.6 6 monthly 35-70
CKD G4 Monthly 10.5-11.5 3 monthly 2.7-4.6 3 monthly 70-110
CKD G5 Monthly 10.5-11.5 monthly 3.5-5.5 3 monthly 150-300

(CKD: Chronic kidney disease; PTH: Parathyroid hormone)
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against hepatitis B (20 mcg IM on each deltoid monthly for 3 months and booster after
6 months) must be initiated. If the patient is planning peritoneal dialysis, catheter placement
intraperitoneally must be done early enough for the catheter to be well fixed without
reduced risk of pericatheter leak. Any modality of RRT (hemodialysis, peritoneal dialysis or
transplantation) can be chosen with important exceptions. In patients with severe cardiac
disease, hemodialysis may be difficult to accomplish and transplantation surgery may not
be tolerated. Similarly, someone with multiple intra-abdominal surgeries with likelihood of
intraperitoneal adhesions may not be a suitable candidate for peritoneal dialysis. Between
hemodialysis and peritoneal dialysis, in those medically suitable for either, there is no
survival advantage of one modality over another. Patients need to be educated about RRT
modalities before an informed decision is made. Survival of patients with diabetes on
maintenance dialysis is lower than those with CKD due to an alternate etiology and is about
30% at 5 years. Cardiovascular disease is the most common cause of death. The first hemodialysis
in India was done at Christian Medical College, Vellore (CMC) in 1962. Transplantation is
the RRT of choice in those who are medically eligible. The first successful kidney transplanta-
tion in India was done in 1971 at CMC, Vellore. Transplant of Human Organs Act (THOA)
allows a parent, grandparent, spouse, sibling or child to be a voluntary kidney donor. The
donor undergoes extensive investigation to ensure that he/she has near normal health and
faces little or no long-term consequences of kidney donation. Even carefully chosen donors
need follow-up of their blood pressures, urinary excretion of protein and renal function
periodically. For those without a suitable living donor, deceased donor transplantation is an
excellent option. The survival after deceased donor transplantation is between 67% and 77%
at 5 years. Another option is an ABO incompatible transplantation in those who do not have a
blood group compatible voluntary kidney donor. The first ABO incompatible transplantation
without splenectomy in India was done at CMC in 2009. Prior to transplantation, ideally
a coronary angiogram is required to exclude covert coronary artery disease followed by
revascularization, if needed. However, opinion is varied on the absolute necessity of a cardiac
catheterization in all patients and many centers opt for a stress test instead and proceed
for angiogram. Post-transplant and glycemic control continues to be an important medical
consideration. Recurrence of diabetic nephropathy takes about 6 years and histological
features of diabetic nephropathy is nearly universal. Fortunately, graft loss due to diabetic
nephropathy is rare.

Simultaneous pancreas-kidney transplantation is a feasible treatment and is being increa-
singly done worldwide. The first one in India was done at the All India Institute of Medical
Sciences in 2005. This procedure has the potential to cure the patient of both the diabetes and
renal failure.

NORMOALBUMINURIC CHRONIC KIDNEY DISEASE IN DIABETES

While moderately increased albuminuria (formerly microalbuminuria) is the earliest change
seen in diabetic nephropathy, the assumption that all patients with long-standing diabetes
who develop CKD go through the stages of albuminuria has been increasingly questioned in
recent times. In the DCCT cohort of patients with type 1 diabetes, 20 of the 89 patients who
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developed a sustained eGFR less than 60 mL/minute/1.73m? were persistently normo-
albuminuric. This phenomenon seems to be more common among female patients with
long-standing diabetes, hypertension and/or retinopathy. Higher proportions are reported
in patients with type 2 diabetes. 30% of patients with type 2 diabetes in Third National
Health and Nutrition Examination Survey (NHANES III); n = 1,197 had eGFR less than
60 mL/minute/1.73 m? without any albuminuria. While the renal biopsies in these patients
do show features of classic diabetic nephropathy, nephropathy in this cohort is likely to be
a consequence of premature senescence, interstitial fibrosis and vascular disease causing
ischemia or cholesterol emboli rather than due to diabetic nephropathy per se. The natural
history of CKD in these patients is more benign than those who develop proteinuria and
most are unlikely to progress to CKD stage 5.

NEWER/EXPERIMENTAL THERAPY FOR
DIABETIC NEPHROPATHY

Pentoxifylline has been shown to have some renoprotection in diabetic nephropathy. In the
recently concluded open-label, prospective, randomized trial— PREDIAN study in Spanish
patients, addition of pentoxyfylline to RAAS blockade slowed the GFR decline by an additional
4.3 mL/minute/1.73 m* Further trials are necessary to confirm this finding.

Preliminary studies have