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Metabolic Syndrome and Coronary Artery Disease in Indians 
Younger Than 40 Years

Amitesh Aggarwala, b, Sourabh Aggarwala, Vishal Sharmaa

Abstract

Background: Indians have highest risk rates of coronary artery 
disease (CAD) amongst all ethnic groups. The impact of metabolic 
syndrome (MS) has not been studied, especially in the young. This 
study analyzes the prevalence of metabolic syndrome and its vari-
ous components in young Indians with CAD.

Methods: The study was conducted at a tertiary teaching hospital 
in New Delhi. A retrospective case record analysis of 403 patients 
presenting acutely with young (age ≤ 40 year) CAD during the pe-
riod Jan 2005 - Dec 2009 was done. The criterion advocated by 
International Diabetes Federation (IDF) consensus 2005 was used 
for diagnosing patients with MS. The data was then used to find the 
prevalence of derangement of various metabolic parameters in all 
patients and in those with MS. Statistical analysis was done using 
SPSS v.17.

Results: Patients (246) were selected for study. Metabolic syn-
drome was present in 66 patients (26.8%). In patients with young 
CAD low HDL was found in 171 (69.5%), raised triglycerides 103 
patients (41.9%), hypertension in 55 patients (22.4%) and impaired 
fasting glucose /diabetes mellitus in 54 patients (21.9%); 187 (75.6 
%) patients had history of smoking; 64 patients (26.0%) had a fam-
ily history of young cardiovascular disorders; 13 females out of 28 

(46.4%) and 53 males out of 218 (24.3%) met criteria for diagnosis 
of MS. Prevalence of MS in females was significantly more than 
males (P < 0.02). Among 66 patients diagnosed with MS, low HDL 
was seen in 52 patients (78.8%), raised triglycerides in 49 patients 
(74.2%), hypertension in 36 patients (54.5%) and dysglycemia in 
35 patients (53.0%); 47 patients (71.2%) had history of smoking. A 
positive family history of premature cardiovascular disorders was 
present in 26 patients (39.4%). Among patients with young CAD, 
prevalence of smoking was more in males compared to female pa-
tients (P < 0.005) whereas hypertension and obesity in were noted 
more often in female patients (P < 0.005).

Conclusions: This study confirms a high prevalence of MS in pa-
tients with young CAD. This study also underlies the importance of 
smoking and dyslipidemia as primary targets for effective preven-
tion of CAD and MS in young Indians.
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Introduction

Coronary artery disease (CAD) is the leading cause of mor-
bidity and mortality in both developing and developed coun-
tries. Approximately, one-sixth of world’s population lives in 
India and CAD remains the highest cause of mortality in In-
dia [1]. Indians have the highest mortality rates amongst all 
ethnic groups studied so far. It is a well established fact that 
the South Asian population especially Indian sub-continent 
has higher risk and wider prevalence of CAD as compared 
to rest of ethnic groups [2, 3]. Deaths related to CAD occur 
5 to 10 years earlier in Indian sub-continent than in Western 
countries [4]. 

Metabolic syndrome (MS), a constellation and complex 
web of metabolic features, is very common among popula-
tion of Indian sub-continent [5, 6]. The prevalence of MS has 
been rising alarmingly in recent times due to decreased phys-
ical activity and abnormal dietary patterns [7]. Patients with 
MS have a 30 - 40% probability of developing CAD within 
20 years depending upon number of components present [8]. 
Various studies have highlighted the predictability of CAD 
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and presence of unstable lipid rich plaques on basis of pres-
ence of MS [9-11]. However, clinical studies analyzing the 
impact of MS on CAD in young patients are very limited 
[12]. The association and impact of MS on young (≤ 40 
years) patients with CAD has not been studied extensively 
in Indian setup. Considering the ever increasing prevalence 
of MS and young CAD in Indian subcontinent, this study 
was aimed at studying the prevalence of metabolic syndrome 
and its various components in patients with young CAD and 
observes their association with CAD.

 
Methods

The present study was conducted at our 1200 bedded teach-
ing Hospital, a tertiary health-care center in the city of Delhi. 

A retrospective case record analysis of 403 patients present-
ing acutely with young (age ≤ 40 year) CAD and admitted in 
the hospital during the period Jan 2005 - Dec 2009 was done.

The diagnosis of acute CAD was made on the basis of 
classical symptoms, diagnostic electrocardiogram (ECG) 
changes, cardiac injury enzymes and/or echocardiographic 
evidences [13]. Incomplete case records or those who had 
unexplained deaths were excluded from the study. 

The case sheets were scrutinized for history pertain-
ing to coronary risk factors, smoking and family history 
of young cardiovascular disorders (hypertension, diabetes, 
young CAD (in males ≤ 55 years, females ≤ 65 years) and 
cerebrovascular disease). Record analysis was also done for 
waist size, blood pressure recordings and positive history of 
hypertension, fasting and postprandial blood sugar and lipid 
profile (total cholesterol, high density lipoprotein cholester-

Total
(n = 246)

Male 
(n = 218)

Female 
(n = 28) P value

Age in years (mean ± SD) 36.3 ± 4.1 36.2 ± 4.1 37.5 ± 3.5 NS

Metabolic syndrome 66 (26.8%) 53 (24.3%) 13 (46.4%) < 0.025

Smoking 187 (76.0%) 177 (81.2%) 10 (35.7%) < 0.001

Family History 64 (26.0%) 54 (24.8%) 10 (35.7%) NS

Fasting plasma glucose ≥ 100 or 
previously diagnosed DM 54 (21.95%) 45 (20.6%) 9 (32.1%) NS

Hypertension 55 (22.4%) 42 (19.3%) 13 (46.4%) < 0.005

Reduced HDL cholesterol (< 40 
mg/dL in males and < 50 mg/dL in 
females)

171 (69.5%) 148 (67.9%) 23 (82.1%) NS

Increased Triglycerides (≥ 150 mg/
dL) 103 (41.9%) 92 (42.2%) 11 (39.3%) NS

Obesity (≥ 80 cm in females and ≥ 
90 cm in males) 122 (49.6%) 100 (45.9%) 22 (78.6%) < 0.005

Waist circumference (cm) 87.1 ± 10.5 87.2 ± 10.6 86.4 ± 10.1 NS

Total cholesterol (mg/dL) 171 ± 51.8 172.2 ± 53.9 165.3 ± 31.1 NS

LDL cholesterol (mg/dL) 102.5 ± 45.8 103.6 ± 47.4 93.5 ± 30.6 NS

HDL cholesterol (mg/dL) 36.7 ± 9.3 36.4 ± 9.2 38.5 ± 10.5 NS

Triglycerides (mg/dL) 156 ± 85.7 157.2 ± 88.2 150 ± 63.7 NS

Table 1. Coronary Risk Factor Profile of Patients With Young CAD

NS- not significant.
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ol (HDL-C), low density lipoprotein cholesterol (LDL-C), 
triglycerides). Note was also made of carotid intima media 
thickness (CIMT) as recorded. Smoking was defined as con-
tinuous use of cigarette or bidi (bidis are small hand-rolled 
cigarettes wrapped in a piece of local tobacco leaf). Dyslip-
idemia was considered as per NCEP-ATP III guidelines [14]. 
Hypertension was diagnosed according to JNC 7 criteria 
[15]. Diabetes mellitus was defined as per American Diabe-
tes Association, 2004 criteria [16]. Prediabetes was defined 
as fasting blood sugar between 100 - 125 mg/dl (impaired 
fasting glucose) (IFG) and post prandial blood sugar be-
tween 140 - 199 mg/dl (impaired glucose tolerance) (IGT). 
Waist girth ≥ 90 cm in men and ≥ 80 cm in women was con-
sidered as abdominal obesity [17]. 

For the purpose of study, the criterion advocated by 
International Diabetes Federation (IDF) consensus 2005, 
which lays impetus on ethnic inheritance in diagnosis of obe-
sity, was used for diagnosing patients with MS [17]. Thus, 
any patient presenting with abdominal obesity (defined by 
waist circumference ≥ 90 cm in males and ≥ 80 cm in fe-
males) plus two or more of the following risk factors was 
diagnosed with metabolic syndrome: 1) Blood pressure ≥ 
130/≥ 85 mmHg or treatment of previously diagnosed hy-

pertension; 2) Fasting blood glucose ≥ 100 mg/dL or previ-
ously diagnosed type 2 diabetes; 3) Triglyceride ≥ 150 mg/
dL or specific treatment for this lipid abnormality; 4) HDL 
cholesterol < 40 mg/dL in males and < 50 mg/dL in females 
or specific treatment for this lipid abnormality.

The intima media thickness (IMT) of the carotid artery 
was determined by a high resolution B mode USG Sys-
tem having an electronic linear, high frequency broadband 
transducer for superficial scanning with a mid frequency of 
7.5 MHz. It was measured at several areas along the vessel 
wall including (1) the posterior aspect of the common ca-
rotid artery, (2) common carotid artery bifurcation, and (3) 
anterior wall of internal carotid artery. IMT measurements 
were quantified as the average of arterial wall thickness (ex-
cluding segments involved with plaque). Note was made of 
presence of any plaque. The data was then used to find the 
prevalence of derangement of various metabolic parameters 
in all patients and in those with MS.

Statistical analysis was done using SPSS v.17. Continu-
ous variables were expressed as mean ± SD and percentage 
was calculated for categorical variables. Comparison of con-
tinuous and categorical variables was done in male and fe-
male group using unpaired 2-tail t-test and chi-square test.

Table 2. Coronary Risk Factor Profile of Patients With Metabolic Syndrome and CAD

NS- not significant.

Total
(n = 66)

Male
(n = 53)

Female
(n = 13) P value

Smoking 47 (71.1%) 42 (79.2%) 5 (38.5%) < 0.025

Family History 26 (39.4%) 18 (34.0%) 8 (61.5%) NS

Mean number of components 
of MS 2.61 ± 0.68 2.57 ± 0.67 2.77 ± 0.73 NS

Fasting plasma glucose ≥ 100 or 
previously diagnosed DM 35 (53.0%) 27 (50.9%) 8 (61.5%) NS

Hypertension 36 (54.5%) 26 (49.1%) 10 (76.9%) NS

Reduced HDL cholesterol (< 40 
mg/dL in males and < 50 mg/dL 
in females)

55 (83.3%) 43 (81.1%) 12 (92.3%) NS

Increased Triglycerides (≥ 150 
mg/dL) 49 (74.2%) 40 (75.5%) 9 (69.2%) NS

Total cholesterol (mg/dL) 179 ± 54.5 178.8 ± 59.2 178.7 ± 29.8 NS

LDL cholesterol (mg/dL) 102.7 ± 52.1 103.8 ± 55.7 98.2 ± 35.1 NS

HDL cholesterol (mg/dL) 34.2 ± 8.9 33.6 ± 8.6 37 ± 9.97 NS

Triglycerides (mg/dL) 195 ± 89.8 197.6 ± 94.9 183.4 ± 67.3 NS

    41                                     42



J Endocrinol Metab  •  2012;2(1):39-45  Aggarwal et al

Articles © The authors   |   Journal compilation © J Endocrinol Metab and Elmer Press™   |   www.jofem.org

Results

Medical records of a total of 403 young patients with acute 
CAD were initially studied and after applying inclusion and 
exclusion criteria, 246 patients were selected for study. Out 
of 246 patients, 218 (88.6%) were males and 28 (11.4%) 
were females. Mean age at the time of admission was 36.3 
± 4.1 years (range 23 to 40 years). The average age of male 
patients was 36.2 ± 4.1 years and average age of female pa-
tients was 37.5 ± 3.5 years. The coronary risk factor profile 
of young CAD patients is shown in Table 1.

Overall, reduced HDL was the most common metabolic 
derangement present in patients with young CAD found in 
171 patients (69.5%), as compared to raised triglycerides 
levels in 103 patients (41.9%), hypertension in 55 patients 
(22.4%) and impaired fasting glucose and diabetes mellitus 
in 54 patients (21.9%). In all young patients who had CAD, 
mean value of total cholesterol, LDL cholesterol, HDL cho-
lesterol and triglycerides was 171 ± 51.8 mg/dL, 102.5 ± 
45.8 mg/dL, 36.7 ± 9.3 mg/dL and 156 ± 85.7 mg/dL re-
spectively. 187 (75.6 %) patients had history of smoking, 
64 patients (26.0%) had a positive family history of young 
cardiovascular disorders.

Metabolic syndrome was found in 66 patients (26.8%). 
13 females out of 28 (46.4%) and 53 males out of 218 
(24.3%) met criteria for diagnosis of MS. The increased 
prevalence of MS in females was statistically significant 
compared to males (P < 0.02). The coronary risk factor pro-
file of young CAD with MS is shown in Table 2. Among 

66 patients diagnosed with MS, low HDL was seen in 52 
patients (78.8%), raised triglycerides in 49 patients (74.2%), 
hypertension in 36 patients (54.5%) and dysglycemia in 35 
patients (53.0%). In patients who also had MS, the average 
value of total cholesterol was 179 ± 54.5 mg/dL, average 
value of LDL cholesterol was 102.7 ± 52.1 mg/dL, average 
value of HDL cholesterol was 34.2 ± 8.9 mg/dL and aver-
age value of triglycerides was 195 ± 89.8 mg/dL. Among the 
66 patients who had MS, 47 patients (71.2%) had history of 
smoking. A positive family history of premature cardiovas-
cular disorders was present in 26 patients (39.4%). 

Among patients with young CAD, prevalence of smok-
ing was more in males compared to female patients (P < 
0.005) whereas there was increased presence of hyperten-
sion and obesity in female patients compared to male pa-
tients (P < 0.005). Out of total 246 patients with young CAD, 
4 patients (1.6%) had none of the 5 risk factors including 
central obesity, hypertension, dysglycemia, reduced HDL-C, 
and raised triglycerides.  64 patients (26.0%) had 1 out of 
those factors, 88 patients (35.8%) had 2 factors, 55 patients 
(22.4%) had 3 factors and 27patient (11.0%) had 4 factors 
and 8 patients (3.2%) had all 5 risk factors (Fig. 1). 

Out of total 66 patients with young CAD who had MS, 
33 patients (50%) had 2 out of 4 factors by IDF consensus as 
listed above, 26 patients (39.4%) had 3 factors and 7 patients 
(10.6%) had all 4 factors above and over the obesity which is 
a pre-requisite for diagnosis of MS (Fig. 2). The mean num-
ber of components of MS in patients was 2.61 ± 0.68. The 
mean number of components of MS in males and females 

Figure 1. Cumulative frequency graph depicting the distribution of number of risk factors in patients with young CAD.
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was 2.57 ± 0.67 and 2.77 ± 0.73 and the groups were not 
statistically significantly different with regards to the same.

The mean carotid intima media thickness (CIMT) mea-
surement was 0.063 ± 0.015 cms in patients with young CAD 
with plaque present in 12.4% patients. The mean CIMT was 
0.065 ± 0.015 in patients with MS with plaques in 15.6%.

Discussion
  
Earlier studies using NECP ATP III criteria and IDF con-
sensus criteria have shown prevalence of MS among Indian 
population to range from 18.3% to 41% [18-21]. However, 
this prevalence increases dramatically in patients with CAD 
and studies have shown prevalence of MS in patients with 
young/early onset CAD to range from 37% to 60% [12, 22, 
23]. However, our study showed a prevalence of 26.8% in 
young Indian patients with CAD. This study also indicated 
that the prevalence of MS is more common in women than 
men (46.4% versus 24.3%) in patients with young CAD and 
this increased prevalence in women is statistically significant 
with P < 0.025. This finding is of significant concern because 
studies have shown decreased survival in women with MS 
compared to women without MS [24]. Earlier studies have 
reported mixed results regarding predisposition of sex to 
development of MS. Some have indicated increased preva-
lence in females [22, 25, 26]; others have indicated increased 
prevalence in men [19, 20, 27] while a study in US reported 

little difference in prevalence in general population between 
men and women [28]. 

The MS, which is characterized by risk factors like obe-
sity, high blood pressure, impaired fasting glucose, raised tri-
glycerides level and reduced levels of HDL cholesterol, has 
been considered to be a risk factor for CAD [8]. Studies have 
shown higher thrombolysis in myocardial infarction (TIMI) 
time frame indicating impaired blood flow in coronary ar-
teries even in presence of angiographically normal coronary 
arteries in patients with MS as compared to patients without 
MS, which have been thought to play a crucial role in patho-
genesis of disease [29]. 

In the present study smoking was found to be the 
most common single risk factor present in both young pa-
tients with CAD and MS. Earlier studies have also shown 
smoking to be the single most common risk factor present 
in patients with early onset CAD [30, 31]. This study also 
indicated reduced HDL, increased waist circumference and 
increased TG levels to be the most common individual de-
rangements in metabolic profile in young CAD patients and 
reduced HDL and increased TG in patients who also had MS. 
There was no significant difference in raised TG and reduced 
HDL levels in males and females, however, central obesity 
was significantly more in women as compared to men (P < 
0.005). Earlier studies have also indicated reduced HDL and 
raised TG levels to be a significant metabolic derangement in 
Indian population [19, 32, 33]. 

A major limitation of our study is that since it was a 

Figure 2. Cumulative frequency graph depicting the distribution of number of risk factors in young CAD patients with 
Metabolic Syndrome.
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retrospective study, a large number of patient records had to 
be excluded from study due to absence of complete patient 
profile. Thus study sample may not be a true representative 
of the population of young CAD patients at large. Also, as 
there is difference in criteria for hypertension in JNC 7 and 
IDF, the hypertensive patients may be underrepresented in 
the study.

In conclusion, this study clearly indicates a high preva-
lence of MS in patients with young CAD and significant-
ly higher prevalence in women than in men. Our study is 
important in fact that this is the first one to the best of our 
knowledge, which has studied the prevalence of MS in spe-
cifically young patients with CAD using IDF criteria. This 
study also underlies the importance of setting smoking and 
dyslipidemia as primary targets for effective prevention of 
CAD and MS in young Indians. Although, these modifi-
able factors do not completely explain the burden of CAD 
in Indian sub-continent, the identification of these factors is 
very important. Thus, screening of young healthy people and 
young CAD patients for MS may help find people at high 
risk for early development of CAD and can help health care 
workers to take more aggressive approach to more effective 
primary and secondary preventive measures and therapeutic 
measures.
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