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A B S T R A C T

Background: We proposed hypothesis that obese and lean Indian type 2 diabetes mellitus patients would
have diverse insulin secretory function and clinical representation. We conducted a study to compare serum
Insulin, C-peptide levels, and clinical profile in lean and obese type 2 diabetes patients.
Materials and Methods: Two hundred patients (100 underweight and 100 obese) were selected.
Underweight (lean) was defined as BMI <18.5 kg/m2and obese as BMI ≥ 25 kg/m2according to
world health organization (WHO) Asia Pacific criteria. The demographic characteristics, clinical profile,
biochemical profile and complications were compared between lean and obese diabetic patients.
Results: In lean compared to obese, there was higher prevalence of males (69% vs 42%), low
socioeconomic status (78% vs 41%), higher rate of alcohol abuse (12% vs 5%) and cigarette smoking
(32% vs 24%), more prevalent use of insulin (36% vs 24%), lower blood pressure, higher prevalence of
peripheral neuropathy (46% vs 28%), higher retinopathy prevalence (33% vs 24%), lower coronary artery
disease prevalence (9% vs 12%), lower TG level (190.86 ± 37.44 vs 241.7 ± 84.63, p-value < 0.0001),
lower insulin level (6.404 ± 2.24 vs 23.82 ±2.04, p-value < 0.0001), lower C-peptide level (2.14 ±0.35 vs
2.48 ± 0.29, p-value < 0.0001) and higher HbA1c (9.818 ±1.95 vs 9.053 ±1.99, p-value 0.0066).
Conclusion: In lean diabetic patient, non-traditional factors, acquired factors, and genetic predisposition
may cause development of smaller beta cell mass and hence predominant insulin deficiency. We must have
overcome the insulin resistance and cardiovascular risk factors in obese counterparts

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution 4.0 International License, which allows others to remix, and build upon the work. The licensor
cannot revoke these freedoms as long as you follow the license terms.

For reprints contact: reprint@ipinnovative.com

1. Introduction

According to the International Diabetes Federation, the
population of diabetic patients were approximately 415
million in the world in 2015 and by 2040, predicted number
of diabetics will be 642 million.1 India stands second in the
world, with 69.2 million people of diabetes. On the report of
particular geographic region, the term lean or underweight
have been explained in a few ways in different studies.
According to World health organization (WHO) Asia Pacific
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criteria, underweight has been defined as body mass index
(BMI) <18.5 kg/m2and obese as BMI ≥ 25 kg/m2.2 The
United States studies have defined the BMI of 18-24.9
kg/m2, for lean patients.3 The low body weight (lean)
type 2 diabetes mellitus patient’s prevalence, have been
reported from 1.6% to 26% in India.4–6 The Insulin and
connecting peptide (C-peptide) are produced in equimolar
concentrations and elevated levels of insulin corresponds
with high levels of C-peptide.7 In contrast to insulin and
proinsulin, C-peptide does not appear to be metabolically
active, because of its negligible hepatic extraction, and
constant peripheral clearance at different plasma glucose
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concentrations.8,9 The pathophysiology of lean diabetes
and its differentiation from classical type 2 diabetes is the
matter of debate. The mechanism of insulin secretion strikes
as being basic defect in lean diabetes patients whereas
peripheral insulin resistance is culprit in classical type 2
diabetes. On the report of Asia-pacific region, few data
have been shown regarding insulin secretory status and
its association with body weight.10 Indian type 2 diabetic
patients are usually less obese as compare to European
type 2 diabetic patients. We proposed the hypothesis that
Indian obese and lean type 2 diabetic patients would have
dissimilar clinical and insulin secretory description. On the
basis of above background, we studied the clinical profile,
Insulin and C-peptide levels in lean and obese type 2
diabetic patients.

2. Materials and Methods

We conducted a cross-sectional study in the department of
Medicine at tertiary care and teaching hospital of Northern
India. The ethical committee of institution approved the
study protocol. Patients were screened over 12-months
between February 2020 to January 2021.

2.1. Inclusion criteria

All the patients who gave written consent for enrolment into
study, Nine hundred twenty-one consecutive type 2diabetes
patients were screened, defined according to American
Diabetes Association (ADA) criteria, and 200 patients (100
underweight and 100 obese) were selected.

2.2. Exclusion criteria

Patients with BMI between 18.5 to 24.9 kg/m2, type 1
diabetes, altered sensorium, diabetic ketoacidosis, acute
coronary syndrome, kidney failure, acute and chronic
liver disease, septicaemia, mycobacterium tuberculosis, and
malignancy patients were excluded.

2.3. Procedure

All patients were interrogated for any intercurrent illness
and clinical information was taken in detail. All the
anthropometric measurements were recorded in the form of
height, weight, BMI and waist circumference and clinical
examination was done thoroughly to rule out diabetic
complications. Body weight was measured while patients
were barefoot and wearing only light clothing. Body height
was measured without shoes. Underweight (lean) was
defined as BMI <18.5 kg/m2and obese as BMI ≥ 25 kg/m2.
The central obesity was defined as waist circumference
(WC) ≥ 90 cm in male and ≥ 80 cm in female.11 Blood
pressure was measured in supine position with a mercury
sphygmomanometer after patients had rested for at least 15
minutes. Diastolic blood pressure was taken at Korotkoff

sound V. The mean of two readings measured one minute
apart was used. The higher reading of blood pressure in
either arm was taken in to consideration as the final.

Venous blood sample was taken after at least 8 hours
of fasting and measurement of complete blood count,
fasting plasma glucose (FPG), C-peptide, insulin, lipid
profile, and glycated haemoglobin (HbA1c) were done.
Urine routine and microscopy was done for all the study
patients. Lipid profile was measured by spectrophotometry.
Fasting plasma glucose was measured by hexokinase
method. HbA1c level was estimated by high performance
liquid chromatography. Fasting insulin concentrations
were measured by chemiluminescent microparticle
immunoassay. Fasting plasma C-peptide was measured by
chemiluminescent immunoassay. All patients underwent
electrocardiography and electrocardiogram (ECG) was done
to diagnose ischemic heart disease. Diabetic neuropathy
was diagnosed on the basis of subjective symptoms, glove
stocking type of anaesthesia, abnormal monofilament
testing, and absence of ankle jerk. The help of expert
ophthalmologist was taken to do fundus examination
and to diagnose diabetic retinopathy. The patients were
diagnosed to be having diabetic nephropathy, if they had
persistent proteinuria for last three consecutive months in
their medical records.

2.4. Statistical analysis

Statistical package for social sciences (SPSS) software
(version 18.0 for Windows) was used to analyze the
data. Values are presented as mean ± standard deviation.
Frequency (%) is presented where categorical variables
could not follow the normal distribution. The means
of different variables were compared by applying t-
test between two groups. The categorical variables were
analysed by using Chi-square test. (P) value ≤ .05 was
considered as statistically significant.

3. Results

Out of two hundred patients of diabetes, one hundred were
kept in lean group and one hundred in obese group. In lean
and obese groups, the mean age was 53.29± 8.33 (range: 37-
67years) versus 53.36± 7.77 (range: 37-72 years) with mean
duration of diabetes mellitus (in months) of 69.85 ± 58.80
(range: 1month-15 years) versus 73.68 ± 63.93 (range: 1
month-18 years). The duration of diabetes mellitus and
age at presentation, were similar between both the groups
(Table 1). The male and female ratio was 69/31 versus 42/58
between lean and obese groups respectively with a male
predominance, 69% of patients being male in lean group
compared to a female predominance (58%) in obese group.
When comparing the lean and obese diabetic patients, 78%
of lean patients belonged to low socioeconomic status
compared to 41 % in obese group. Family history of diabetes
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Table 1: Clinical characteristics of lean and obese type 2 diabetic patients.

Clinical parameters Lean Obese p value
Number of patients 100 100
Age in years (Mean ± SD) 53.29± 8.33 53.36± 7.77 0.9511
Male/Female (%) 69/31 42/58
Socioeconomic status
Low 78 41
Middle and high 22 59
Duration of diabetes at presentation in
months (Mean ± SD)

69.85 ± 58.80 73.68 ± 63.93 0.6597

Family history of diabetes mellitus (%) 52 70
History of smoking (%) 32 24
History of alcohol (%) 12 5
Use of Insulin (%) 36 24
Systolic blood pressure 114.2 ± 17.66 140.24 ± 20.27 < 0.0001
Diastolic blood pressure 80.36± 7.92 90.4 ± 12.73 < 0.0001
BMI in kg/m2(Mean ± SD) 17.59 ± 0.368 28.24 ± 1.07 < 0.0001
Waist circumference in cm (Mean ± SD) 73.89 ± 1.96 95.18 ± 4.12 < 0.0001
Microvascular complications of DM
Neuropathy (%) 46 28
Retinopathy (%) 33 24
Albuminuria (%) 35 36
Macrovascular complications of DM
Coronary artery disease (%) 9 12
Peripheral vascular disease (%) 6 5
Stroke (%) 4 5

Table 2: Biochemical parameters of lean and obese diabetic patients

Parameters Lean Obese p value
Triglyceride in mg % (Mean ± SD) 190.86 ± 37.44 241.7 ± 84.63 < .0001
High density lipoprotein in mg % (Mean ± SD) 41.17 ± 4.99 40.23 ± 6.44 .2500
HbA1c 9.818 ± 1.95 9.053 ± 1.99 .0066
Fasting serum insulin level in µIU/ml (Mean ± SD) 6.404 ± 2.24 23.82 ± 2.04 < .0001
Fasting serum C-Peptide level in ng/ml (Mean ± SD) 2.14 ± 0.35 2.48 ± 0.29 < .0001

mellitus in a first degree relative, was reported in 52% of
patients in lean group and 70 % of patients in obese group.
In lean diabetes group, 12% were alcoholics and 32% had
history of chronic smoking which was higher compared
to 5% and 24% respectively, in obese diabetes group. In
lean group, mean BMI was 17.59 ± 0.368 which was much
lesser compared to 28.24 ± 1.07 in the obese group (p-value
< 0.0001). In obese group, the mean waist circumference
(WC) was 95.18 ± 4.12 while in the lean group it was
73.89 ± 1.96 (p-value < 0.0001). No one had central obesity
in the lean group but central obesity was observed in all
the patients of obese group (WC ≥ 90 cm in male and
≥ 80 cm in female). For glycaemic control, insulin was
used by 36% patients of lean group while only 24% of
patients used insulin in obese group. Thus, higher number
of patients used insulin in lean group in comparison to obese
group. Obese diabetic patients had higher blood pressure
readings as compare to the lean group. The average systolic
and diastolic blood pressure readings were 140 and 90 for
obese patients versus 114 and 80 for lean patients (p-value

< 0.0001). The prevalence of microvascular complications
of diabetes mellitus, was higher in lean group as compare
to macrovascular complications. Peripheral neuropathy
was observed in 46% of patients in lean group while
28% patients had peripheral neuropathy in obese group.
Similarly, 33% of patients of lean group had diabetic
retinopathy while 24% patients had diabetic retinopathy
in obese group. The coronary artery disease (CAD) was
prevalent in higher number (12%) in the obese group as a
macrovascular complication of diabetes in comparison to
the lean group (9%).

Obese diabetic patients had higher serum triglyceride
level as compare to the lean group. The average triglyceride
level was 241mg % for obese patients and 190 mg % for lean
patients (p-value < 0.0001). There was no much difference
in average serum level of high-density lipoprotein (HDL)
between lean and obese groups of patients. In lean group,
mean serum insulin level was 6.404 ± 2.24 which was much
lower compared to 23.82 ± 2.04 in the obese group (p-value
< 0.0001).(Figures 1 and 2)
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Figure 1: Comparison of mean serum C-peptide level between
lean and obese group, with respect to BMI

Figure 2: Comparison of mean HbA1c level between lean and
obese group, with respect to BMI.

4. Discussion

In lean diabetes mellitus patients, usually there might
be a history of some clinical characteristics like poor
socioeconomic status, childhood malnutrition, and
intrauterine growth retardation. In the obese people,
the growing obesity causes insulin resistance and it results
into development of diabetes mellitus when beta cells are
unable to handle the insulin resistance. In lean people,
there is much lower insulin resistance and development of
diabetes occurs due to early failure of beta cells. Defective
pancreatic insulin secretion is fundamental problem for
hyperglycaemia in lean diabetes patients and reduced beta
cell mass is contributory for it.12 MM Ahuja coined the
term “Ketosis Resistant Diabetes of the Young (KRDY)”
for young type 2 diabetes patients with age at onset less
than 30 years. The clinical characteristics of these patients
are similar to lean diabetic patients but lean diabetic
patients of our study had a higher age of diagnosis of
diabetes mellitus. In our study patients, the mean age

was 53 years in both obese and lean group but Coleman
NJ and co-workers reported mean age of 50 years and
49 years for lean and obese patients respectively and
Das and co-workers reported mean age of 48 years in
lean diabetic patients.13 Both active and passive smoking
are independently and positively associated with risk of
development of diabetes.14 Apoptosis and dysfunction of
pancreatic beta cells take place as a result of chronic alcohol
consumption.15 There was higher prevalence of alcoholism
(12%) and smoking (32%) in lean group as compare to
obese group and it was consistent with the Chicago study. In
our study, there was much higher prevalence of males (69%)
in lean diabetes group as compare to obese diabetes group
(42%) and it was consistent with the studies conducted by
Alemu S and co-workers and Fekadu S and co-workers.16,17

In comparison to females, the male preponderance in lean
diabetic patients may be due to unhealthy life style or some
kind of genetic defect that can be responsible for beta cell
failure. This is considered as a matter of debate. It has been
postulated that reduced beta cell function and defective
insulin secretion in lean diabetic patients may be associated
with some sort of genetic defect of ATP sensitive potassium
channel Kir6.2 (or KCN JII) and transcription factor
FL2 gene (TCFFL2) polymorphisms as compare to other
type 2 diabetes mellitus patients.18 Perry and co-workers
conducted a study in 2012 among type 2 diabetes patients
of European descent and demonstrated that leaner patients
have a significantly higher genetic disposition to occurrence
of diabetes as compare to obese diabetic patients. Their
study showed the correlation between lean type 2 diabetic
patients and genetic variants near the LAMA1 gene.

In lean diabetic patients, it has been hypothesized that
there could be rapid failure of pancreatic beta cells to
a certain extent in comparison to type 2 obese diabetes
mellitus patients. Our study showed a higher prevalence of
insulin use among lean diabetic patients (36%) as compare
to obese diabetic patients (24%) and it was consistent
with study conducted by Coleman NJ and co-workers
who found insulin use 49% in lean diabetic group and
44% in obese diabetic group. Moreover, serum triglyceride
level is independently correlated with insulin resistance and
pancreatic beta cell function.19 Hypertriglyceridemia has
adverse effects on insulin sensitivity and islet beta cell
function and low triglyceride level may be considered as
indirect marker of lower insulin resistance. Our lean study
patients had lower mean triglyceride level as compare to
their obese counterparts and it was consistent with the
Chicago study and study conducted by W.B. Chan and co-
workers.20 The central obesity is correlated with the degree
of insulin resistance.21 All patients in our obese study
group, had central obesity (WC ≥ 90 cm in male and ≥ 80
cm in female) but none in the lean study group. So, insulin
resistance does not appear to involve in development of
diabetes in lean group of patients and it can be hypothesized
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that failure of beta cells could be the possible mechanism
for development of diabetes in lean patients. This may be
the reason for higher use of insulin in lean diabetic group as
compare to obese diabetic group.

In the lean type 2 diabetes patients, the exact
reason for assumed rapid beta cell failure is not
known. Bala subramanyam and co-workers postulated that
intrauterine growth retardation and malnutrition could affect
development and growth of pancreatic beta cells in the
KRDY population.22 However, majority (78%) of our lean
diabetic study patients belonged to low socioeconomic
status and there might be possibility that deprivation of food
and nutrition during the postnatal and intrauterine periods
would have played a role in occurrence of diabetes.

Our study showed higher HbA1c level among lean
diabetic group in comparison to obese diabetic group. The
microvascular complications were predominantly observed
in lean diabetic patients as compare to obese diabetic
patients. In lean diabetic patients, prevalence of peripheral
neuropathy and retinopathy were observed 46% and 33%
respectively and it was consistent with the results of
peripheral neuropathy (70%) and retinopathy (25%) of a
study performed by Barma and co-workers. There might
be possibility that higher HbA1c and plasma glucose
levels were responsible for it. Our study obese diabetic
patients had higher blood pressure and coronary artery
disease prevalence as compare to lean diabetic patients.
The observations of study done by W.B. Chan et al and
Chicago study, were in accordance with these findings of
our study. The lean diabetic patients had higher HbA1c
(poor glycaemic control). Despite of it they had a lower level
of triglycerides, blood pressure and coronary artery disease
events (adverse cardiovascular description) in comparison
to obese diabetic patients.

In lean diabetic patients, fasting C-peptide levels tend
to occur in-between type 2 and type 1 diabetes.3 In
our study patients, the mean fasting C-peptide level was
lower in the lean group as compare to the obese group
and it was consistent with studies done by Coleman NJ
and co-workers and W.B. Chan and co-workers. There
were appropriate fasting C-peptide levels in lean diabetic
patients, denoting good beta cell reserve but significant
lower levels of fasting insulin were observed in lean diabetic
patients in comparison to obese diabetic patients. It can
be explained by two hypotheses. The first possibility is of
excessive ineffectual cycles of metabolism of carbohydrates
and second possibility is of excessive extraction of insulin
into porto-hepatic circulation due to raised glucokinase
activity. 23 Conversely, obese diabetic patients had multiple
cardiovascular risk factors, higher C-peptide level and lower
HbA1c in comparison to lean diabetic patients advocating
insulin resistance.

Our study had several limitations. The Islet cell
antibodies (ICAs) were not analysed in lean diabetic

patients. However, in type 1 diabetic patients the
tyrosine phosphatase like protein (IA-2) and Glutamic
acid decarboxylase (GAD) were found simultaneously in
approximately 22% of cases while the prevalence of these
antibodies in lean diabetic patients, were found to be
approximately 4.7% only. 24 However, ICAs and GAD
positivity have been observed in 4%-13% of obese diabetic
patients. In our study patients, we excluded the possibility of
type 1 diabetes mellitus and latent autoimmune of diabetes
of adults (LADA) by presence of strong family history,
the older age of diagnosis, high proportions of patients
using only oral medications for longer duration. Although,
higher HbA1c (glucose toxicity) may be responsible for
low C-peptide state in lean diabetic patients in comparison
to obese diabetic patients but the meal or glucagon-
stimulated C-peptide level would be better for study point
of view. There is need of randomised clinical trials to
access utility of C-peptide level for providing individualized
therapy to the diabetic patients and additional studies
are required to discover immunological, hormonal, and
metabolic characteristics among lean type 2 diabetes
patients.

5. Conclusion

We can conclude that lean diabetic Indian patients in
comparison to obese diabetic patients are distinguished
by male predominance, poor socioeconomic status,
excessive alcohol consumption, chronic smoker and
more frequent user of insulin. In lean diabetic patient,
non-traditional factors, deprivation of food and nutrition
during the intrauterine and postnatal periods, and genetic
predisposition may cause development of smaller beta
cell mass that leads to marked beta cell failure and
rapid exhaustion of beta cells. The lean diabetic Indian
patients have lower C-peptide level and higher HbA1c
(poor glycaemic control) in comparison to their obese
counterparts. In obese diabetic patients, the goal of
treatment should be optimization of all cardiovascular risk
factors while for lean diabetic patients, we should have a
low threshold to initiate insulin therapy.
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