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ABSTRACT

Background: Our objective was to test the association between familial risk of type 2 diabetes mellitus (T2DM) 
and the prevalence of metabolic syndrome (MS) in adult Asian Indians. Materials and Methods: A total of 
448 adult (>30 years) individuals (257 males and 191 females) participated in the study. Familial risk of T2DM 
was classified into three groups viz., 1=both parents affected; 2=parent and/or siblings affected and 3=none or 
no family history for T2DM. Anthropometric measures, blood pressures, fasting blood glucose and metabolic 
profiles were studied using standard techniques. MS was defined accordingly. The prevalence of MS phenotypes 
was estimated and compared among the three familial risk strata. Results: Individuals with a history of both 
parents affected from diabetes had significantly higher (P<0.001) body mass index (BMI), waist circumference 
(WC), waist-hip ratio (WHR), systolic blood pressure (SBP), diastolic blood pressure (DBP) and fasting blood 
glucose (FBG; P=0.035) than individuals having no family history of T2DM. Significant difference was also 
noticed between individuals with and without MS according to the family history of diabetes (P<0.001). 
Differences were evident between individuals who fulfilled all the MS criteria (P=0.001) and individuals with 
only one or two criteria (phenotypes) according to family history of T2DM. Conclusion: Family history of 
T2DM had significant effect on individuals with MS as compared to their counterparts (individuals having no 
family history of T2DM). It therefore seems reasonable to argue that family history of T2DM could be useful 
as a predictive tool for early diagnosis and prevention of MS in Asian Indian population.
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limitations in epidemiological and analytic approaches to 
studying the effects of  genetic determinants of  common 
chronic diseases, e.g., metabolic syndrome (MS), type 2 
diabetes mellitus (T2DM), etc. Family history has been 
shown to be a risk factor for a majority of  chronic diseases 
of  public health significance, including cardiovascular 
disease (CVD), T2DM, etc. Family history of  specific 
diseases reflects the consequences of  genetic susceptibility, 
shared environment and common behaviors. [1] Family 
history has been recognized in clinical medicine as an 
important, yet non-modifiable, disease risk factor that when 
present might influence the probability of  a suspected 
diagnosis. However, collection and interpretation of  
family history has rarely been applied in the practice of  
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INTRODUCTION

Most common chronic diseases are the result of  interactions 
between multiple genetic variants and environmental 
factors. Despite significant advances in the last decade in 
the understanding of  our genome, there are substantial 
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preventive medicine to assess disease risk and influence 
early detection and prevention strategies.[2,3] Professional 
guidelines usually include family history to assess health 
risk, initiate interventions, and motivate behavioral changes. 
The advantages of  family history over other genomic tools 
include a lower cost, greater acceptability, and a reflection 
of  shared genetic and environmental factors. However, the 
utility of  family history in public health has been poorly 
explored.[4]

Family history of  diabetes is not only a risk factor for the 
disease but is also positively associated with risk awareness 
and risk-reducing behaviors. It may provide a useful 
screening tool for detection and prevention of  diabetes. [5] 
In a recent study among the adult Chinese, it was found 
that sufficient physical activity and negative family history 
of  diabetes might jointly reduce the risk of  developing 
hyperglycemia and T2DM.[6] In the US population, family 
history of  diabetes showed significant, independent, and 
graded association with the prevalence of  diabetes. This 
association not only highlights the importance of  shared 
genes and environment in diabetes but also opens the 
possibility of  formally adding family history to public health 
strategies aimed at detecting and preventing the disease.[7]

In another study on a nationally representative sample 
of  US adults without diabetes, family history of  diabetes 
showed a significant, independent association with MS and 
its traits. This association supports the idea that shared 
genes and environment contribute to the expression of  
complex traits such as diabetes and MS.[8] MS is defined as a 
constellation of  several CVD risk factors including genetic 
and environmental factors that is responsible for ultimate 
predisposition of  the disease.[9] However, studies related 
to the effect of  positive family history of  diabetes on MS 
are sadly lacking in India. In one of  the two recent studies 
from India, it was found that apparently healthy individuals 
with family history of  T2DM had higher anthropometric 
values (body mass index [BMI], waist-hip ratio [WHR]) 
and lower physical fitness than their counterparts.[10] In the 
other study, multiple logistic regression analysis showed 
significant association of  diabetes with family history of  
diabetes along with other risk factors.[11] But association 
between positive family history of  diabetes and MS is not 
known to best of  our knowledge from this part of  the 
world.

The present study was therefore undertaken to find out 
whether there exists any significant association between 
family history of  T2DM and prevalence of  MS among the 
adult Asian Indians.

MATERIALS AND METHODS

Study population

The present community based cross-sectional study 
comprised adults (≥30 years) living in and around Kolkata 
(erstwhile Calcutta), India. A total of  448 individuals 
(257 males and 191 females) participated in the study. 
Demographic profiles including name, date of  birth, 
occupation, etc., were obtained from participants using 
a schedule. Subjects’ age was ascertained subsequently 
from date of  birth to the nearest month. Family history 
of  T2DM was obtained from each subject and classified 
into three groups, viz. 1=both parents affected, 2=parent 
and/or siblings affected and 3=none or no family history 
for T2DM. The institutional ethics committee (IEC) 
of  the “Human Genetic Engineering Research Center” 
(HGERC), Kolkata, India, has approved the study. Written 
consent from participants was also obtained prior to actual 
commencement of  the study.

Anthropometric measures

Anthropometric measures namely height, weight, 
circumferences of  waist (WC) and hip were obtained 
using standard techniques.[12] Height and weight (in light 
clothing) was measured to the nearest 0.1 cm and 0.5 kg, 
respectively. Waist and hip circumferences were measured 
to the nearest 0.1 cm using an inelastic tape. The minimum 
WC was measured at the level of  natural waist, which was 
the narrowest part of  the torso. The body mass index (BMI 
in kg/m2); waist-hip ratio (WHR) and TC:HDLc ratio was 
computed subsequently.

Blood pressures

Left arm systolic (SBP) and diastolic (DBP) blood pressure 
measurements were twice taken using sphygmomanometer 
and stethoscope and were averaged for analyses. A third 
measurement was taken only when the differences 
between the two measurements were >5 mmHg. Prior 
medical records for blood pressure were also taken into 
consideration. To obtain blood pressure, each participant 
was requested to seat at least 5 minutes in complete relaxed 
mood on a chair and was also requested not to change his 
posture during that relaxation period.

Metabolic profiles

A fasting blood sample (~7 mL) was collected from each 
subject for the determination of  metabolic profiles. All 
subjects maintained an overnight fast of  ~12 h prior to 
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blood collection. Estimation of  total cholesterol (TC), 
triglyceride (TG), high-density lipoprotein cholesterol 
(HDLc) and fasting blood glucose (FBG) was carried 
out on separated plasma using a semi auto-analyzer 
(ErbaChem-5V2, Transasia Biomedical Ltd., Mumbai, 
India). Very low-density lipoprotein cholesterol (VLDLc) 
was calculated as TG/5. However, in case of  TG  
>400 mg/dL VLDLc was estimated separately using the 
semi auto-analyzer. Low-density lipoprotein cholesterol 
(LDLc) was estimated using standard formula LDLc=TC 
– (HDLc+VLDLc). TC:HDL ratio was subsequently 
calculated. All biochemical analyses were measured in 
mg/dL (mg %) unit.

Metabolic syndrome

Individuals with three or more of  the following conditions 
were considered as MS.[13]

WC (cm): Male>90, female>80;
TG (mg/dL): >200;
HDLc (mg/dL): Male<40, female <50;
Blood pressures (mmHg): SBP>130 and/or DBP>85;
Fasting blood glucose (mg/dL): >100.

Statistical analysis

Differences in means of  the studied variables between the 
three groups were undertaken using analysis of  variance 
(ANOVA) with Scheffe’s posthoc test to determine which 
two family history groups were different from each other. 
Contingency chi-square test was performed to find out the 
differences in accordance with family history on prevalence 
of  MS as well as its confounding factors and illustrated 
by means of  bar diagram. All statistical analyses were 
performed using SPSS (PC + version 10.0). A statistical 
significance (two tailed) was set at P<0.05.

RESULTS

The descriptive statistics of  the study population is 
presented in Table 1. In the present study, it was found that 
the prevalence of  MS was 29.2%. ANOVA with Scheffe’s 
posthoc test revealed that individuals with either or both 
of  their parents affected with T2DM had significantly 
(P<0.001) higher BMI, WC, WHR, SBP, DBP and FBG 
(P=0.035) than individuals having no family history of  
T2DM.

The prevalence of  MS by family history of  diabetes is 
presented in Table 2. It was observed that there was a highly 
significant difference (P<0.0001) between individuals 
having MS with and without family history.

The difference in family history of  diabetes by confounding 
factors satisfying the criteria for MS is presented in Table 3. 
It was found that individuals with positive family history 
had significantly higher (P<0.001) prevalence of  satisfying 
more MS criteria than their counterparts.

It was also found that females with positive family history 
had relatively higher prevalence of  MS than males, whereas 
the prevalence was similar among males and females with 
no family history of  T2DM as illustrated in Figure 1.

Table 1: Descriptive statistics of the study population
Variables Family history (n=448) P value 

for 
ANOVA

Both  
parents 
(n=87)  

Group I

Either  
parent/sibling(s) 

(n=206)  
Group II

None 
(n=155) 

Group III

Age 52.85±13.06 49.89±12.36 48.87±11.38 0.075
BMI2 23.96±3.51 23.68±4.39 21.97±4.02 <0.001
WC3 91.16±8.67 90.46±10.17 86.04±9.18 <0.001
WHR3 0.97±0.05 0.96±0.05 0.94±0.05 <0.001
TC 201.62±28.59 200.32±25.15 198.29±23.45 0.581
TG 143.78±27.08 141.84±23.46 137.03±23.45 0.068
HDLc 44.11±5.02 44.93±4.42 45.42±4.80 0.113
LDLc 125.87±29.18 125.46±24.22 122.79±23.62 0.529
VLDLc 28.73±5.60 28.42±4.82 27.40±4.53 0.065
TC:HDLc 4.76±1.14 4.65±0.95 4.51±0.92 0.142
FBG2 96.16±19.55 89.56±18.82 90.19±23.12 0.035
SBP3 142.08±23.71 136.19±23.65 125.28±22.59 <0.001
DBP3 86.02±10.62 83.95±10.02 79.10±11.23 <0.001
Values are mean+SD. BMI: Body mass index; WC: Waist circumference; WHR: 
Waist circumference; TC: Total cholesterol; TG: Triglycerides; HDLc: High density 
lipoprotein cholesterol; LDLc: Low density lipoprotein cholesterol; VLDLc: Very low 
density lipoprotein cholesterol; FBG: Fasting blood glucose; SBP: Systolic blood 
pressure; DBP: Diastolic blood pressure. ANOVA with Scheffe’s posthoc test revealed. 
2Group III had significantly lower mean than Group I only. 3Group III had significantly 
lower mean than both Group I and Group II

Table 2: Prevalence of metabolic syndrome by family 
history of type 2 diabetes mellitus

Family history MS Non MS Total
Both parents 41 46 87
Either parent and/or siblings 66 140 206 χ2

df=2=28.4
None 24 131 155 P<0.001
Total 131 317 448

Table 3: Family history of T2DM and metabolic syndrome 
phenotypes

MS 
criteria 

Family history
 Both  

parents 
 Either parent 

and/or siblings 
None Total

1 11 39 42 92
2 35 101 89  225 χ2

df=4 = 29.6
>3 41 66 24 131 P<0.001
Total 87 206 155 448
MS criteria: 1 - Individuals satisfied only one of the five criteria. 2 - Individuals 
satisfied only two of the five criteria. >3 - Individuals satisfied three or more of the 
five criteria
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DISCUSSION

Evidence suggests that family history by itself  is most 
useful for predicting disease when there are multiple family 
members affected, the relationship among relatives is close, 
and disease is premature, that is, it occurs at younger ages 
than would be expected. It has been mentioned that family 
history information in combination with other known 
risk factors could be used to provide more personalized 
information about our risk for common diseases.[1] Yang 
et  al.,[14] further suggested that adding family history 
of  diabetes could provide significant improvements in 
detecting undiagnosed diabetes; however, it needs further 
validation. In an another study,[15] it was found that not only 
the adults, even the youths with a positive family history 
showed signs of  increased risk for these conditions which 
indicates the importance of  family history approach to 
screening for children at risk of  diabetes and cardiovascular 
disease.

In addition to risk assessment, family history information 
can be used to personalize health messages, which are 
potentially more effective in promoting healthy lifestyles 
than standardized health messages. More research is needed 
on the evidence for the effectiveness of  such a tool.[16] The 
accuracy of  self-reported family history of  diabetes and 
hypertension is strongly influenced by the accuracy of  
self-reported personal health status of  relatives. Raising 
awareness of  personal health status is crucial to ensure 
the utility of  family history for the assessment of  risk and 
disease prevention.[17] Having a family history of  a disease 
increases its salience and does not change one’s perceived 
ability to prevent the disease.[18] To establish family history 
as a public health tool, it needs to be evaluated within the 
ACCE (analytical validity; clinical validity; clinical utility; 
and ethical, legal, and social issues) framework. These 
advances will help realize the potential of  family history 
as a public health tool.[4]

In the present study, it was found that individuals with 
positive family history of  diabetes had significantly higher 
prevalence of  MS and its confounding factors as compared 
to their counterparts. It suggests that family history could 
be used as a tool for genomic studies among the Asian 
Indians. It is, however, important to mention that in 
developing countries including India, a large section of  the 
community remains undiagnosed and therefore accuracy 
of  self-reported family history could be challenging.

The major limitation of  the study was the cross-sectional 
nature, and moreover, it was performed on a relatively 
small sample size and, therefore, is not representative 
of  the Asian Indian population. Large-scale, nationally 
representative data, which is actually lacking in India, 
would have provided a better insight into the role of  family 
history for the early diagnosis of  chronic diseases, e.g., MS. 
It may also be argued that population screening would be 
of  substantial importance for further research as family 
history may play a vital role in better understanding the 
etiological factors related to such complex traits.

CONCLUSION

The present study indicates the importance of  positive 
family history associated with adverse CVD risk factors 
like MS among the adult Asian Indians. Family history, 
thus, could be used as a tool for genomic studies in 
order to understand the underlying shared gene-environment 
interrelation associated with complex traits. This in turn 
would help to develop comprehensive risk stratification 
protocol for better assessment and successful management 
of  CVD risk factors in this part of  the world.
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