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INTRODUCTION 
Diabetes was one of the first diseases described, 
with an Egyptian manuscript from c. 1500 BCE 
mentioning "too great emptying of the urine". The 
first described cases are believed to be of type 1 
diabetes. Indian physicians around the same time 
identified the disease and classified it as madhumeha 
or "honey urine", noting the urine would attract 
ants1.  The term "diabetes" or "to pass through" was 
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first used in 230 BCE by the Greek Appollonius of 
Memphis. The disease was considered rare during 
the time of the Roman empire, with Galen 
commenting he had only seen two cases during his 
career2. 
There are three main types of diabetes mellitus: 
Type 1 DM results from the body's failure to 
produce enough insulin. This form was previously 
referred to as "insulin-dependent diabetes mellitus" 
(IDDM) or "juvenile diabetes". The cause is 
unknown. Type 2 DM begins with insulin resistance, 
a condition in which cells fail to respond to insulin 
properly. As the disease progresses a lack of insulin 
may also develop. This form was previously referred 
to as "non-insulin-dependent diabetes mellitus" 
(NIDDM) or "adult-onset diabetes". The primary 
cause is excessive body weight and not enough 
exercise. Gestational diabetes, is the third main form 
and occurs when pregnant women without a 
previous history of diabetes develop a high blood 
glucose level3. Insulin's name is derived from the 
Latin insula for "island". Insulin's structure varies 
slightly between species of animals. Insulin from 
animal sources differs somewhat in "strength" (in 
carbohydrate metabolism control effects) from that 
in humans because of those variations. Insulin is 
produced in the pancreas and released when any of 
several stimuli are detected. These stimuli include 
ingested protein and glucose in the blood produced 
from digested food. Special transporter proteins in 
cell membranes allow glucose from the blood to 
enter a cell. These transporters are, indirectly, under 
blood insulin's control in certain body cell types 
(e.g., muscle cells). Low levels of circulating 
insulin, or its absence, will prevent glucose from 
entering those cells (e.g., in type 1 diabetes). 
Activation of insulin receptors leads to internal 
cellular mechanisms that directly affect glucose 
uptake by regulating the number and operation of 
protein molecules in the cell membrane that 
transport glucose into the cell. The genes that 
specify the proteins that make up the insulin receptor 
in cell membranes have been identified, and the 
structures of the interior, transmembrane section, 
and the extra-membrane section of receptor have 

been solved4. Insulin resistance (IR) is a 
physiological condition in which cells fail to 
respond to the normal actions of the hormone 
insulin. The body produces insulin, but the cells in 
the body become resistant to insulin and are unable 
to use it as effectively, leading to hyperglycemia. 
Beta cells in the pancreas subsequently increase 
their production of insulin, further contributing to 
hyperinsulinemia. This often remains undetected and 
can contribute to a diagnosis of Type 2 Diabetes or 
latent autoimmune diabetes of adults5-9. 

The aim of this study is to obtain further insight in 
the mechanisms contributing to the development of 
insulin resistance and type 2 diabetes in humans. 
Our hypothesis is that insulin resistance is not 
caused by a primary target cell defect and that neural 
or humoral factors may contribute to the 
development of insulin resistance. 
 
MATERIAL AND METHODS 
Study sample The study population consisted of all 
patients receiving their primary care from Private 
hospital in Hyderabad (2010) was selected. Study 
sample was selected after application of a set of 
inclusion and exclusion criteria to overcome 
inconsistencies in data recording procedures. 
Inclusion criteria  
All patients aged more than 18 years to less than 90 
years were included in the study. All outpatients 
receiving their medication. 
Exclusion criteria  
Patients with no single visit to a clinic which 
provides chronic diabetic care were excluded from 
the study. Patients who did not have their first 
diabetes medication prescription from a clinic 
providing primary care for diabetes listed in 
appendix A were excluded because we could not 
ascertain the if the patients were newly treated or 
patients receiving a continuation in diabetes care.  
Case I-III 
30 non-diabetic subjects in the ages 20 to 43 years, 
were selected in private hospital. The groups were 
well matched according to BMI, gender and age. 16 
were males and 14 females. 2 diabetes relatives had 
impaired glucose tolerance. They were otherwise all 
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in good health as determined by medical history, 
clinical examination and laboratory tests including 
hematology, serum electrolytes, creatinine and 
serum lipids. None of the subjects received any 
chronic medication10, 11. 
Case-IV 
In study IV, 30 subjects were selected from Diabetes 
Unit of private hospital in Hyderabad. 20 were type 
2 diabetic patients, ten with poor and ten with good 
metabolic control, defined according to HbA1c 
levels. All subjects were otherwise in good health as 
determined by medical history, clinical examination, 
ECG and blood tests including hematology, serum 
electrolytes, creatinine, serum lipids and liver 
enzymes. Of the diabetic subjects, 7 had no 
pharmacological treatment; seven were treated with 
sulfonylurea alone, four with sulfonylurea and 
metformin in combination. One subject was treated 
with repaglinide alone and one subject with 
repaglinide and metformin in combination12,13. 
Oral glucose tolerance test (OGTT) 
The subjects in case I-III underwent an OGTT. 
Venous blood samples for determination of blood 
glucose and serum insulin were obtained before and 
120 minutes after ingestion of 75 g glucose in a 
liquid solution. 2-h blood glucose values of 6.7-9.9 
were defined as impaired glucose tolerance14, 15. 
Statistical analyses 
Statistical analyses were performed using the SPSS 
package. Data are means±SEM unless otherwise is 
indicated. 
 
RESULTS AND DISCUSSION 
Study of insulin resistance 
Study population consisted of all patients receiving 
their primary care from Private hospital in 
Hyderabad (2010) was selected. The patient history 
is given in Table No.1 and medication patterns are 
given in Table No.2 and Figure No.1. The interplay 
between insulin resistance, steroid hormones and 

leptin was explored in 33 healthy relatives of type 2 
diabetes patients and 33 age-, sex- and BMI-
matched control subjects without a family history of 
diabetes. The diabetes relatives were more insulin 
resistant than control subjects, when gender was 
analysed separately, this was significant only in 
males. Male relatives displayed lower morning 
cortisol and testosterone levels and higher leptin 
levels compared to male control subjects. Leptin 
levels were negatively associated with insulin 
sensitivity in male and female relatives and in male 
controls (r= -0.66, r= - 0.67 an r= -0.49, 
respectively, p<0.05). In the female control group 
this association was nearly significant (r= -0.51, 
p=0.063). There were no significant associations 
between insulin resistance and cortisol levels. The 
possible interplay between insulin resistance and the 
activity in the autonomic nervous system was 
investigated in 15 healthy type 2 diabetes relatives 
and 15 sex-, age- and BMI-matched control subject 
without a family history of diabetes. When dividing 
the total cohort into two groups based on their M-
value, the group with low M-value exhibited signs 
of a higher sympathetic/parasympathetic ratio 
(p=0.04) and lower parasympathetic activity during 
controlled breathing and cold pressure test (p=0.01 
and p=0.03, respectively) compared with the group 
with high M-value. In general, the insulin-resistant 
group displayed lower reactivity in the autonomic 
nervous system upon provocations. Adipose tissue 
distribution and the regulation of the cortisol axis 
were examined and the association with insulin 
resistance and the activity in the autonomic nervous 
system were evaluated in 15 healthy relatives of type 
2 diabetes patients and 15 age-, sex- and BMI-
matched control subjects without a family history of 
diabetes. There were no significant associations 
between SAT and insulin resistance, the cortisol axis 
activity or the activity in the autonomic nervous 
system (Table No.3, 4 and Figure No.2, 3). 
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Table No.1: Patient history 

S.No Patients R value P value 

1 Diabetic patient 0.48 (male) 0.04 

2 Relatives patient -0.66, -0.67 (male, female) 0.05 

 

Table No.2: Medication utilization patterns 

S.No Medication class 
Number of patients (N = 54) 

N % 

1 Sulphonylurea 45 76 

2 Thiazolidinedione 7 11 

3 Insulin 7 11 

4 Other (Sitagliptin) 1 2 

 

Table No.3: Clinical and metabolic features of case-I-III (Control) 

S.No Subject Age Sex 
Relative 

weight 

Fasting 

serum 

glucose 

2-h serum 

Glucose 

(GTT) 

Fasting serum 

Insulin 

concentration 

Mean 

adipocyte 

Size (pl/cell) 

Control 

1 1 44 F 0.86 88 124 7 170 

2 2 23 F 0.86 78 133 6 161 

3 3 29 F 1.13 75 102 13 348 

4 4 29 M 0.85 89 131 10 184 

5 5 32 F 1.05 82 85 10 169 

6 6 37 F 0.92 90 119 6 225 

7 7 28 M 1.13 91 124 11 206 

Mean 35±3  0.97±0.05 85±2 117±7 9±1 209±25 
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Table No.4: Clinical and metabolic features of case-I-III (Diabetic) 

S.No Subject Age Sex 
Relative 

weight 

Fasting 

serum 

glucose 

2-h 

serum 

Glucose 

(GTT) 

Fasting serum 

Insulin 

concentration 

Mean 

adipocyte 

Size (pl/cell) 

Control 

1 1 28 F 1.89 81 150 64 463 

2 2 31 F 2.19 70 121 35 828 

3 3 45 F 1.85 121 187 83 783 

4 4 49 M 1.71 69 128 23 362 

5 5 58 F 1.26 90 134 32 767 

6 6 24 F 1.76 88 151 86 393 

7 7 50 F 1.71 99 210 38 405 

Mean 40±4  1.71±0.09 90±6 162±11 54±8 570±64 

 

 

 

Figure No.1: Medication utilization patterns 
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Figure No.2: Shows clinical and metabolic features of case-I-III (Control) 

 

 

Figure No.3: Shows clinical and metabolic features of case-I-III (Diabetic) 

 

CONCLUSION 
Male subjects predisposed for type 2 diabetes 
display abnormalities in leptin, cortisol and 
testosterone levels. Insulin resistance was 
associated with high leptin levels and, in males, 
with low testosterone levels. An altered balance and 
reactivity in the autonomic nervous system 
appeared to be associated with insulin resistance. 
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