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Background: Diabetes has a strong familial aggregation in Asian Indians, with a high prevalence 
among the first-degree relatives and vertical transmission through two or more generations. First-
degree relatives of T2DM are at significant risk for developing T2DM. 
Aim: Evaluation of insulin resistance in normoglycemic first-degree relatives of type 2 diabetic 
patients. 
Methods: A total of 200 subjects were divided into two groups A and B. Group A comprises non-
diabetic first-degree relatives of T2DM patients between the age group of 20 to 50 years. Group B 
comprises healthy controls without a family history of T2DM. Subjects were analyzed for fasting 
plasma glucose level, fasting serum Insulin and fasting serum hs-CRP. 
Result: The mean value of blood sugar level did not show a significant difference between cases 
and controls (92.02 ± 9.23 vs. 91.77 ± 7.99; p > 0.05). The mean values of insulin (12.52 ± 3.65 
vs. 5.08 ± 1.42), HOMA-IR (2.86 ± 0.95 Vs. 1.15 ± 0.34) and hs-CRP (2.4 ± 1.98 vs. 1.0 ± 0.38) 
(all p < 0.001) increased in cases as compared to controls. Fasting serum insulin shows a positive 
correlation with HOMA-IR and hs-CRP (p < 0.001). HOMA-IR strongly correlates with hs-CRP 
and shows a positive correlation (p < 0.05). Insulin and HOMA-IR shows strong positive 
correlation with each other (r = 0.94; p < 0.001). 
Conclusion: Normoglycemic first-degree relatives of type 2 diabetic patients were insulin 
resistant compared to individuals without a family history of type 2 diabetes. 
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1 Introduction 

Diabetes mellitus (DM) and its complexity have 
grown into the foremost important and challenging 
contemporary unhealthiness. Globally 380 million adults 
worldwide will have diabetes by 2025 and in India, this 
figure is expected to extend to 70 million by 2025 [1]. 
Diabetes has progressed from a minor ailment affecting 
the elderly to one of the leading causes of morbidity and 
mortality among young and middle-aged adults in the last 
30 years [2]. The onset of Type 2 diabetes mellitus 
(T2DM) at an early age heralds several years of disease 
and an increased risk of the entire range of both 
microvascular and macrovascular complications will take 
place when affected individuals are still relatively young 
[3]. Thus, further generations could also be burdened 
with morbidity and mortality at the peak of their 
productivity, potentially affecting the work face and 

health care systems of various countries across the globe 
[3]. 

In India, approximately 75% of T2DM patients have 
a first-degree family history of T2DM. The lifetime risk 
of developing the disease is about 40% in offspring of 
one parent with T2DM and the risk approaches 70% if 
both parents have diabetes [4].   

Asian Indians have a significant familial linkage to 
diabetes, with a high prevalence of the disease among 
first-degree relatives and vertical transmission of the 
disease over two or more generations [5]. Asian Indians 
have greater insulin resistance compared to Caucasians. 
As per the "thin fat phenotype‟ hypothesis, small Indian 
babies have smaller abdominal viscera and low muscle 
mass, but more body fat during intrauterine development, 
which predisposes them to an insulin-resistant state [6]. 
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The evolution of T2DM is characterized by a defect 
in insulin secretion (β-cell dysfunction) and insulin action 
(insulin resistance). Initially, there is an impairment in the 
body's ability to respond to insulin, which is 
counterbalanced by compensatory hyperinsulinemia to 
maintain normal glucose tolerance (NGT). As the fasting 
blood glucose level keeps on rising, at a certain level, β- 
cells cannot maintain the elevated rate of insulin 
secretion, and fasting insulin concentration declines 
progressively, resulting in impaired glucose tolerance 
(IGT) and later on T2DM. Progress of NGT to IGT with 
compensatory hyperinsulinemia is interrelated with the 
development of insulin resistance (IR). At this stage, it 
elevated plasma insulin concentrations in post-absorptive 
and prandial states. Therefore, plasma insulin 
concentration is widely accepted as a surrogate measure 
of IR [7]. An early abnormality of insulin secretion and 
action with a reduction in the first phase of insulin 
secretion occurs early in the course of disease in first-
degree relatives of T2DM patients before glucose 
tolerance becomes abnormal [8]. 

First-degree relatives of T2DM who are at high risk 
for developing T2DM have diminished β-cell function 
while many of them still have normal glucose tolerance 
[9]. Insulin resistance predicts the development of T2DM 
and cardiovascular disease independently of other risk 
factors [10]. 

Several alternatives have been proposed to 
compensate for variations in basal glucose levels, 
including the use of both fasting glucose and insulin 
concentrations. One such mathematical model, the 
Homeostatic Model Assessment of Insulin Resistance 
Index (HOMA-IR) is widely used. This mathematical 
concept is based on the hypothesis of a negative feedback 
loop between the liver and β-cells regulating both fasting 
glucose and insulin concentrations. It can estimate 
pancreatic cell function and degree of IR [11]. Insulin 
resistance is an initial measurable defect in patients who 
will develop T2DM [12]. 

HOMA − IR	Index	 =
ୟୱ୲୧୬	ୋ୪୳ୡ୭ୱୣ	(୫/ୢ୪)	୶	ୗୣ୰୳୫	୍୬ୱ୳୪୧୬	(µ/୫୪)

ସହ
    (1) 

OR 

HOMA − IR	Index	 =
ୟୱ୲୧୬	ୋ୪୳ୡ୭ୱୣ	(୫୫୭୪/)	୶	ୗୣ୰୳୫	୍୬ୱ୳୪୧୬	(µ/୫୪)

ଶଶ.ହ
             (2) 

 
Many clinical observations support the role of 

systemic and/or low-grade chronic inflammation in the 
pathogenesis of IR. Clinical features of IR and plasma 
insulin concentrations are correlated with 
proinflammatory cytokines and acute-phase reactants 
[13]. 

It has been proven that β-cell function starts to 
decline approximately 12 years before the diagnosis of 
diabetes and genetic susceptibility is the first stage in this 

process [14]. Hence, we studied subjects with and 
without a family history of T2DM to explore the impact 
of family history on insulin resistance. We aimed to 
detect potential differences in insulin resistance, an 
inflammatory marker between the groups, and their 
interrelationship. 

2 Material and Methods 

The present study was conducted at the Department 
of Biochemistry, Dr. V.M. Government Medical College, 
a tertiary care center in Maharashtra, India. Written 
informed consent was obtained from all the participants. 
We selected a total of 100 non-diabetic siblings and 
offspring of T2DM patients between the age group of 20 
to 50 years and compared them with 100 healthy controls. 
The institutional ethical committee approved the research 
study. 

2.1 Inclusion criteria 

 Non-diabetic siblings and offspring of T2DM 
patient. 

 Age group: 20 to 50 years. 

2.2 Exclusion criteria 

 Individuals suffering from T2DM. 
 Individuals with impaired glucose tolerance. 
 Patients suffering from any acute or chronic 

cardiovascular disease and any other major illness. 
 Patient suffering from acute systemic illness and 

any inflammatory conditions. 
 Subjects taking oral contraceptive pills. 

2.3 Relevant indices 

 Homeostatic Model Assessment of Insulin 
Resistance Index (HOMA-IR Index). 

2.4 Anthropometry 

 Weight (Kg) and Height (meters)  
 BMI (kg/m2): Weight (kg) / Height2 (meters) 
 Normal waist circumference (WC): Male < 85 cm 

and Female < 80 cm. 
 Hip circumference (HC) in cm at the level of 

greatest protuberance of buttocks without 
compression of the skin. 

 Normal Waist/Hip ratio: Male < 0.89 and Female < 
0.81 [1,15]. 

2.5 Biochemical investigations 
12-hour fasting venous blood samples were 

collected and tested for the following parameters: 

 Plasma glucose level: Plasma glucose level was 
estimated using the glucose oxidase and peroxidase 
(GOD-POD) method (ERBA Diagnostics, 
Mannheim, Germany). 
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 Serum Insulin: Quantitative estimation of serum 
insulin done by Chemiluminescence Immunoassay 
(CLIA) using Acculite CLIA microwells kit 
(Monobind INC., Lake Forest, USA). 

 Serum hs-CRP: Quantitative estimation of Serum 
hs-CRP done by Chemiluminescence Immunoassay 
(CLIA) using Acculite CLIA microwells kit 
(Monobind INC., Lake Forest, USA). 

2.6 Statistical Analysis  
Statistical analysis was performed using IBM SPSS 

version 20.0 (SPSS, Inc., Chicago, IL, USA). The 
unpaired t-test was used to compare the mean of the two 
groups. Pearson's correlation coefficient (r-value) was 
calculated to determine the association between fasting 
plasma glucose level, fasting serum insulin, and fasting 
serum hs-CRP. A p-value < 0.05 were considered 
statistically significant. All data are presented as the 
means ± SD. To determine the strength of the correlation, 
positive and negative r values were estimated. 

3 Results and Observations 

A total of 200 participants were enrolled in this study, 
of which 100 as cases with a family history of T2DM and 
100 as controls without a family history of T2DM. 
Demographic and biochemical data of the two groups 
were analyzed as mean ± standard deviation (S.D.). 
Correlation coefficients (r) between various parameters in 
cases and controls were calculated. 

Table 1 represents the demographic data of the cases 
and controls. The differences in mean age, weight, and 
height between cases and controls were not statistically 
significant. The data showed an increase in mean value of 
BMI (22.81 ± 1.27 vs. 22.43 ± 1.02, p < 0.05) and hip 
circumference (98.24 ± 6.90 vs. 96.08 ± 5.31, p < 0.05) in 
cases as compared to controls. The data also showed a 
highly significant difference in mean values of waist 
circumference (78.98 ± 5.43 vs. 73.97 ± 4.88, p < 0.001) 
and waist/hip ratio (0.81 ± 0.07 vs. 0.77 ± 0.04, p < 
0.001). 

Table 1: Comparison of demographic parameters (Mean ± 
S.D and p-value). 

Parameter Cases 
(n = 100) 

Control 
(n = 100) p-Value 

Age (Years) 35.44 ± 6.18 36.31 ± 5.34 > 0.05 
Sex (M/F) 58 / 42 53 / 47 - 

Weight (kg) 60.91 ± 7.28 59.93 ± 6.96 > 0.05 
Height (m) 1.63 ± 0.08 1.63 ± 0.07 > 0.05 

BMI (kg/m2) 22.81 ± 1.27 22.43 ± 1.02 < 0.05 
WC (cm) 78.98 ± 5.43 73.97 ± 4.88 < 0.001 
HC (cm) 98.24 ± 6.90 96.08 ± 5.31 < 0.05 

W/H Ratio 0.81 ± 0.07 0.77 ± 0.04 < 0.001 
p < 0.001 - highly significant; p < 0.05 - Significant 

Table 2 shows a comparison of biochemical 
parameters between cases and controls. The mean value 
of blood sugar level did not show a significant difference 

between cases and controls (92.02 ± 9.23 vs. 91.77 ± 
7.99, p > 0.05). The mean values of insulin (12.52 ± 3.65 
vs. 5.08 ± 1.42), HOMA-IR (2.86 ± 0.95 vs. 1.15 ± 0.34), 
and hs-CRP (2.4 ± 1.98 vs. 1.0 ± 0.38) (all p < 0.001) 
increased in cases as compared to controls. 

Table 2: Comparison of biochemical parameters (Mean ± S. 
D. and p-value). 

Parameter Cases 
(n =100) 

Control 
(n =100) p-Value 

BSL 92.02 ± 9.23 91.77 ± 7.99 > 0.05 70-110 mg/dl 
Insulin 12.52 ± 3.65 5.08 ± 1.42 < 0.001 0.7–9.0 µIU/ml 

HOMA-IR 2.86 ± 0.95 1.15 ± 0.34 < 0.001 > 2.6 
hs-CRP 2.4 ± 1.98 1.0 ± 0.38 < 0.001 Up to 1 mg/L 

p < 0.001 - highly significant; p < 0.05 - Significant 

The above data signifies that despite normal fasting 
blood sugar levels, fasting serum insulin level and 
HOMA-IR increased in cases. 

Statistically significant positive correlation found 
between serum insulin and hs-CRP levels with waist/ hip 
ratio (r = 0.4 and 0.19 respectively) than with BMI (r = 
0.29 and 0.13 respectively). 

Fasting serum insulin shows a positive correlation 
with HOMA-IR, and hs-CRP (p < 0.001). HOMA-IR 
strongly correlates with hs-CRP and shows a positive 
correlation (p < 0.05) (Fig. 1). Insulin and HOMA-IR 
shows strong positive correlation with each other (r = 
0.94; p < 0.001 (Fig. 2).  

Table 3: Correlation coefficients (r values) in cases (r-value 
and p-value). 

  HOMA-IR hs-CRP 
Insulin r-value 0.94 0.34 

p-value < 0.001* < 0.001* 
HOMA-IR r-value  0.32 

p-value  < 0.05 
p < 0.001 - highly significant; p < 0.05 - Significant 

4 Discussion 

There is growing evidence supporting the concept 
that chronic low-grade inflammatory states may have a 
pathogenic role in IR. Several studies have shown that 
proinflammatory cytokines and acute-phase reactants 
correlated with measures of IR, plasma insulin 
concentration, BMI, and waist circumference. 
Inflammatory cytokines such as TNF-α and IL-6 are 
thought to be associated with IR, and their expression is 
increased in adipose tissue [16]. 

Serum insulin and hs-CRP levels were found to be 
strongly correlated with the W/H ratio compared to BMI. 
Serum insulin strongly correlated with W/H ratio and 
BMI than hs-CRP. This suggests the role of abdominal 
obesity on serum insulin and hs-CRP [17].  
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Fig. 1: Graphical correlation of HOMA-IR with hs-CRP. 

 
Fig. 2: Graphical correlation of HOMA-IR with insulin and hs-CRP. 

Gupta and Jain (2004) concluded that fasting insulin 
levels significantly correlated with direct estimates of 
insulin resistance. Fasting insulin is also highly correlated 
with HOMA [18]. 

The plausible explanation that could explain the 
significant correlation of serum insulin and hs-CRP with 
the W/H ratio is the obvious physical proximity of 
visceral fat to the portal venous system, metabolites and 
secretory products such as free fatty acids (FFA) are 
directly drained into the liver, leading to hepatic IR, 
which may contribute to enhanced hepatic 
gluconeogenesis. Since visceral adipocytes are more 
lipolytically active than subcutaneous adipocytes, visceral 
fat accumulation may be more harmful than subcutaneous 
abdominal fat accumulation [19]. 

Visceral adipocytes produce proinflammatory 
cytokines like TNF-α, IL-1, IL-6, and specifically secret 
biologically active peptides such as visfatin and omentin 

which modulate glucose and lipid metabolism [19]. 
Increased synthesis of cytokines like IL-6 and TNF-α by 
visceral adipocytes could contribute to higher hs-CRP 
production by the liver whenever visceral obesity is 
evident [20]. 

Insulin resistance is relatively low in nondiabetic, 
normotensive obese patients, and is far outweighed by 
insulin hypersecretion, particularly in women with central 
obesity. The risk of diabetes, cardiovascular risk, and 
treatment response may differ among obese people with 
preserved insulin sensitivity compared to insulin-resistant 
obesity [21]. 

Chien-Hsiang et al., (2010) reported that among the 
5 anthropometric indices, BMI strongly predicts the 
incidence of type 2 diabetes. W/H ratio had a 
significantly adjusted odds ratio and the highest area 
under the curve to predict the risk of type 2 diabetes [22]. 
An 11-year follow-up study conducted in 2004 found that 
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subjects with a high hs-CRP level were 3.6 to 4.1 times 
more likely to develop diabetes as well as W/H ratio (OR 
= 1.40, p = 0.025), and the log of insulin concentrations 
(OR = 2.04, p = 0.025) were significant baseline 
predictors of diabetes. Furthermore, no interaction 
between BMI and hs-CRP was reported [23]. 

In the present study, we found that level of serum 
insulin positively correlated with the levels of serum hs-
CRP (r = 0.34, p < 0.001). 

Inflammation impairs pancreatic β-cell function in 
genetically predisposed diabetics. Inflammation could 
also promote hepatic insulin resistance in individuals who 
are genetically susceptible to developing diabetes. Fat 
accumulation in the liver reduced hepatic insulin 
sensitivity resulting in fasting hyperglycaemia [24]. 

Gelaye et al., (2010) reported that increased CRP 
levels were significantly associated with higher mean 
fasting insulin and mean HOMA-IR concentrations. The 
findings from that study indicated that women and men 
with CRP concentration > 2.53 mg/L had a 2.18- and 
2.54-fold increased risk of IR respectively [25]. 

In particular, visceral adipocytes play a key role in 
regulating inflammation. CRP is synthesized in the liver 
and regulated by proinflammatory cytokines like 
interleukin–6 (IL-6) and Tumor Necrosis Factor - α 
(TNF-α) which lowers the expression of Insulin Receptor 
Substrate 1 (IRS-1), Glucose Transporter 4 (GLUT-4) 
and insulin-stimulated glucose transport in first-degree 
relatives of T2DM patients. This shows that the 
association between elevated hs-CRP and elevated insulin 
levels may be related to chronic systemic subclinical 
inflammation [18]. According to Højbjerre et al., (2011) 
insulin resistance, and higher plasma C-reactive protein 
was detected in first-degree relatives of T2DM subjects 
[26]. 

Vikram et al., (2006) found a significant correlation 
of fasting insulin (r = 0.19, p < 0.01) and hs-CRP (r = 
0.14, p < 0.01) with BMI and hs-CRP levels significantly 
correlated with (r = 0.16, p < 0.01) with W/H ratio [27]. 

We found a positive correlation between HOMA-IR 
and BMI (r = 0.31, p < 0.005) and a significant 
correlation between HOMA-IR and W/H ratio (r = 0.46) 
compared with BMI (r = 0.31). The results also revealed 
a significant correlation of HOMA-IR with BSL (r = 
0.61) and hs-CRP (r = 0.32) as well as a strong 
correlation of HOMA-IR with insulin (r = 0.94, p < 
0.001) when compared to hs-CRP (r = 0.32, p < 0.05). 
These findings suggest the role of insulin and hs-CRP in 
the development of insulin resistance. Similarly, Kakita 
et al., (2008) found a positive correlation of HOMA-IR 
with BMI (r= 0.365; p < 0.001), Glucose (0.32; p < 
0.001), Insulin (0.983; p < 0.001) [28]. 

Bahceci et al., (2005) found higher hs-CRP levels 
(p=0.0001) in first-degree relatives of T2DM patients 
than those without a family history of T2DM. hs-CRP 

was positively correlated with HOMA-IR (r = 0.348; 
p<0.02)  [29].  

The cut-off point for HOMA-IR from which insulin 
resistance is detected has been variable in different 
studies. In our study, patients with a HOMA-IR cut-off 
point of >2.5 were considered to be insulin-resistant. The 
cut-off point for defining insulin resistance in men and 
women is considered based on recently published studies 
[30]. At this cut-off, we found that 71 first-degree 
relatives of T2DM subjects were insulin resistant. 

The findings of our study are in agreement with 
previous studies that reported a significantly higher 
prevalence of impaired fasting glucose, impaired glucose 
tolerance, and diabetes in first-degree relatives. 
Furthermore, first-degree relatives had a higher 
prevalence of insulin resistance as measured by HOMA-
IR. The most predominant consequence of insulin 
resistance is the future development of T2DM. 
Appreciable β-cell destruction may have already occurred 
before glucose tolerance or fasting glucose levels become 
impaired. Thus, efforts to prevent the development of 
T2DM will be more successful only if intervention is 
initiated when blood glucose levels are still in the normal 
range. Interventions such as therapeutic lifestyle changes 
may be effective in modifying the course of the disease 
and preventing disease progression [31]. 

Florez et al., (1995) reported that glycemic and 
insulin areas were greater (p < 0.01) in first-degree 
relatives of T2DM patients and none of the T2DM 
relatives have impaired glucose tolerance. The 
insulin/glucose ratio was also higher (p < 0.01) at 120 
minutes on OGTT and concludes that this may be an 
indirect indication of insulin resistance before the 
development of IGT and diabetes in T2DM relatives [32]. 
Moreover, insulin resistance, impaired β-cell function, 
and possibly also adipose tissue dysfunction were found 
in individuals with a family history of type 2 diabetes and 
deteriorating glucose tolerance, emphasizing the 
multifactorial pathophysiology in the development of 
IGT and T2D [33]. 

Although, the subjects enrolled in our study were 
normoglycemic, increased serum insulin and hs-CRP 
levels suggest that hyperinsulinemia and chronic low-
grade inflammation may have an additive and synergistic 
effect on the development of insulin resistance. 

The major strength of our study was the use of two 
groups of young, healthy subjects with normal glucose 
tolerance, differing only by the presence or absence of a 
family history of T2DM. This study design is critical for 
examining early concomitants of insulin resistance, such 
as hs-CRP, in the absence of potentially confounding 
variables such as hyperglycemia. A notable strength of 
the study was the direct measurement of fasting serum 
insulin and the estimation of insulin resistance using the 
HOMA-IR. Although our findings are biologically 
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plausible, due to the cross-sectional nature of the study, 
causality cannot be inferred. 

5 Conclusion  

The key finding of our study was that the 
normoglycemic first-degree relatives of T2DM had 
higher fasting serum insulin levels. This suggests that in 
the first-degree relatives of T2DM subjects, pancreatic β-
cell dysfunction may have begun long before the glucose 
tolerance becomes abnormal. Increased hs-CRP levels in 
the first-degree relatives of T2DM subjects, indicating 
that insulin resistance is a state of chronic low-grade 
systemic inflammation. Therefore, we suggest screening 
genetically predisposed first-degree relatives of T2DM 
patients. Timely screening and early detection of insulin 
resistance in first-degree relatives of T2DM patients may 
allow clinicians to act early in the disease's course and 
prevent future complications and consequences. 
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