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INTRODUCTION
Metabolic obesity or metabolic syndrome is also called insulin 
resistance syndrome; a cluster of risk factors causing major 
concern around the globe. In western countries like the United 
States, the prevalence of insulin resistance syndrome is around 
23-30%, but it is gradually decreasing due to modification of 
their lifestyle. But in South Asian countries especially in India, it 
is one of the major public concerns. It may be due to increased 
risk factors, drastically growing urbanisation, and socioeconomic 
status [1].

Obesity and Metabolic obesity are two entirely different entities. 
Metabolic obesity is defined by National Cholesterol Education 
Program-Adult Treatment Panel III (NCEPATP-III) criteria in which 
for abdominal obesity (Waist circumference) Asian specific cut-
offs are used. Obesity (phenotypic obesity) is defined as per Asia 
specific criteria if a person who has BMI more than 25 kg/m2 [2,3]. 
Phenotypic Obesity is mainly due to increased intake of high-calorie 
diet and lesser expenditure of it.

Interestingly, there are a significant proportion of individuals who are 
phenotypically obese but metabolically healthy. Likewise, people 
with normal weight can be a MO [4]. Therefore, it is important to 
screen the obese subjects who are at increased threat for obesity-
related metabolic abnormalities when compared to the subjects 

who are metabolically healthy. So, individual with MO status and 
normal weight is clinically more important [5].

A group of some individual whose BMI is high means they are 
obese, but they are showing resistance or protective in nature 
regarding obesity-related comorbidities, this is also called as 
obesity paradox. We can divide these types of individuals as a 
healthy metabolic status but obese (metabolically healthy but 
obese; MHO), even though they have extreme body fat. Clinically, 
they show a constructive metabolic status characterised by 
a positive immune profile, low inflammation, elevated insulin 
sensitivity level, normal blood pressure, normal level of lipid and 
hormonal profile [6].

Also, some individual whose BMI is normal but their metabolic status 
is obese can be grouped as MONW [7]. Approximately, 20 50% of 
the population contains the metabolically healthy obese group [8].

Patients of CAD or IHD are mostly due to the lesser supply of 
blood to the myocardium. Supply of blood decreases because 
of obstruction in the coronary arteries; the main reason for the 
obstruction is nothing but atherosclerosis.

When there is an increased demand for oxygen in myocardium than 
its supply, the symptoms occur. It causes chest discomfort during 
exertion and relieves at rest.
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ABSTRACT
Introduction: Obesity and metabolic syndrome frequently co-
exist and are one of the major health problems around the globe 
and its prevalence is 25-30%. In India prevalence of metabolic 
obesity is ≥30%, among females who have higher levels as 
compared to males. There is a significant proportion of the 
population who are obese (BMI >25 kg/m²) but metabolically 
healthy, likewise some people with normal BMI status, but 
metabolically obese. In this study, we have evaluated the 
association between metabolic obesity and severity of Coronary 
Artery Disease (CAD) in stable angina patients.

Aim: To assess the association of severity of angiographic CAD 
based on the Metabolically Obese (MO) status and Body Mass 
Index (BMI).

Materials and Methods: Total 408 subjects with stable angina 
and with positive stress test were included in the study and 
severity of CAD was measured by SYNTAX score. Obesity was 
defined as BMI ≥25 kg/m2, and normal weight was defined as 
BMI <25 kg/m2. The metabolic obesity was determined using 
the National Cholesterol Education Program-Adult Treatment 
Panel III (NCEPATP-III) classification in which Asian-specific cut-
offs for abdominal obesity is used. Therefore, study subjects 
were categorised as follows: 1) Metabolically Healthy and 

Normal Weight (MHNW); 2) Metabolically Obese but Normal 
Weight (MONW); 3)  Metabolically Healthy but Obese (MHO); 
and 4)  Metabolically Abnormally Obese (MAO). Statistical 
analysis was carried out using statistical package for social 
sciences (SPSS) version 20. Baseline clinical, demographic, 
anthropometric and laboratory data are presented as 
mean±Standard Deviation (SD), median (range), or number (%) 
unless specified. Comparison among groups was calculated 
with an analysis of variance (ANOVA) test and Kruskal-Walis test 
for continuous variables and the Pearson chi-square test for 
categorical variables. Association between groups and severity 
of CAD was done by Kruskal-Wallis test. The p-value <0.05 was 
considered statistically significant.

Results: Out of 408, 70.3% (n=287) subjects were male, 52.7% 
(n=215) subjects were hypertensive, and 42.9% (n=175) subjects 
had high BMI. Metabolic obesity showed higher prevalence of 
CAD (MO, OR=0.25, 95% (1): 0.31-1.03) than patients with 
higher BMI status (BMI, OR=1.39, 95% (1): 0.79-2.4). Syntax 
score which measures the severity of CAD is marginally high in 
MONW group (p-value-0.003) when compared to MHNW group.

Conclusion: MO group was associated with a high prevalence 
and severity for CAD than metabolically healthy group 
irrespective of their weight status.
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The severity of CAD was measured by the SYNTAX scoring 
system by the same cardiologist. The Syntax score was 
assessed by a computer program consisting of sequential and 
interactive self-guided questions which are available online [10].
(www.syntaxscore.com).

STATISTICAL ANALYSIS
Statistical analysis was carried out using Statistical Package  for 
Social Sciences (SPSS) version 20. Baseline clinical, demographic, 
anthropometric and laboratory data were presented as 
mean±Standard Deviation (SD), median (range), or number (%) 
unless specified. Comparison among groups was calculated with 
an analysis of variance (ANOVA) test and Kruskal-Walis test for 
continuous variables and the Pearson chi-square test for categorical 
variables. Association between groups and severity of CAD was 
done by Kruskal‑Wallis test. The p-value <0.05 was considered 
statistically significant.

RESULTS
Baseline characteristics of subjects: A total of 408 patients 
were recruited in which 70.3% were males [Table/Fig-1]. Subjects 
were classified into four groups; MHNW (n=119, 29.1%), MONW 
(n=111, 25.8%), MHO (n=88, 21.56%) and MAO (n=90, 22.05%). 
The prevalence of metabolic obesity was 49.26% (n=201). In our 
study population 50.5% (n=206) subjects had mild CAD, 19.9% 
(n=81) subjects had Single Vessel Disease (SVD), 14.5% (n=59) 
subjects had double vessel disease, 7.8% (n=32) subjects had 
triple vessel disease and 6.6% (n=27) subjects has multivessel 
disease. The population distribution of age, BMI, FPG, HbA1c, 
Triglycerides, HDL-C differed significantly among the four groups 
[Table/Fig-2]. The mean age was almost similar in all the groups, 
but MONW showed the elderly population where MAO group 
indicated the young population than other groups. FPG in the MAO 
group was significantly higher than that in the MHNW and MHO 
groups. HDL in the MONW and MAO groups was significantly 
lower than that in the MHNW and MHO groups, and TG in the 
MONW and MAO groups was significantly higher than that in the 
other two groups.

Coronary Angiogram (CAG) is a gold standard procedure for the 
diagnosis of coronary atherosclerosis, but it is not a reliable indicator 
of the functional significance of any single coronary artery stenosis. 
By CAG, we can identify the disease extent and severity of the 
disease. A finding of an angiogram is a powerful clinical predictor 
for the disease prognosis also it guides the therapy for the same.

There is a significant proportion of the population who are obese 
(BMI >25 kg/m2) but metabolically healthy, likewise some people 
with normal BMI status, but MO. Therefore, our keen interest in this 
study was to find out the relative importance of metabolic obesity 
and BMI status with the severity of CAD.

MATERIALS AND METHODS
The study was conducted from Jan 2016 to Dec 2018 at the 
Department of Cardiology, Manipal Academy of Higher education, 
Manipal, Karnataka, India. Ethical clearance was obtained from 
Institutional ethical committee (IEC 644/2015). Sample size was 
calculated by using formula for sample size evaluation for two 
proportion where Confidence Interval (CI) was 95% with 80% power 
and (P1=0.2, P2=0.35) [9]. In this prospective observational study, 
408 patients with the with age limit of 25 to 80 years presented to 
the cardiology department for evaluation of stable angina and/or 
Tread Mill Test (TMT) positive and undergoing coronary angiogram 
were included in the study. Patients with known CKD, hepatic 
dysfunction, known as endocrinal or rheumatological diseases, or 
chronic infections were excluded from the study. All cases were 
interviewed using a questionnaire, which included data on smoking, 
physical activity, height, weight were measured to calculate BMI 
and waist and hip circumference to calculating the Waist-Hip Ratio 
(WHR). Data on clinical History of Hypertension (HTN), DM and 
medications were also acquired.

Fasting blood sampleswere collected after 12 hours of fasting. 
Total cholesterol, triglyceride, High-Density Lipoprotein (HDL) 
cholesterol, Low-Density Lipoprotein (LDL) cholesterol, and Very 
Low-Density Lipoprotein (VLDL) cholesterol were measured using 
Cholesterol Oxidasepara Aminoantipyrine (CHOD-PAP) and Lipase 
Glycerolkinase (LIP/GK) enzymatic clearance method respectively. 
Friedewald’s formula calculated LDL and VLDL.

Classification according to metabolic obesity and weight status: 
Normal weight was defined as BMI (kg/m²) <25 (n=233; 57.1%) 
and obesity was defined as BMI≥25 (n=175; 42.9%) according to 
the Asia-specific criteria for obesity [2]. We did not form a separate 
analysis group for “underweight” subjects (BMI<18.5) because very 
few subjects met this definition, and the results were essentially 
unchanged when these subjects were excluded.

Metabolic obesity was defined as the presence of three or more 
of the following five metabolic components: 1) waist circumference 
≥90 cm in men and 85 cm in women; 2) High-Density Lipoprotein 
Cholesterol (HDL-C) <40 mg/dL in men and 50 mg/dL in women; 
3) TG ≥150 mg/dL; 4) blood pressure ≥130/85 mmHg or treatment 
of hypertension; and 5) FPG ≥100 mg/dL.

We categorised our subjects into four groups according to 
metabolic obesity and weight status as follows: 1) MHNW group; 
2) MONW group; 3) MHO group; and 4) MAO group. Height was 
measured to the nearest 0.1 cm using a standard stadiometer. 
Weight was measured, in light clothes; to the nearest 0.1 kg using 
a set of standard calibrated electronic scales. WC and HC were 
measured using a constant-tension tape. WC was measured at 
the midpoint between the lowest rib and the upper point of the 
iliac crest and at the end of normal expiration. HC was measured 
at the maximum protrusion of the buttocks. Anthropometric 
measurements, such as height, weight, waist circumference, hip 
circumference were measured before the patient undergoing a 
coronary angiogram.

Variables Percentage/Proportion

Males 287 (70.3%)

Females 121 (29.7%)

Presence of Hypertension 215 (52.7%)

Smoking (Yes) 43 (10.5%)

Alcohol (Yes) 108 (26.5%)

High BMI 175 (42.9%)

Metabolic Obesity 201 (49.26%)

Mild CAD 206 (50.5%)

SVD 81 (19.9%)

DVD 59 (14.5%)

TVD 32 (7.8)

MVD 27 (6.6)

[Table/Fig-1]:	 Demographic characterstics of study population (n=408).

Prevalence and severity of angiographic CAD according to 
metabolically obese and weight status: Compared with MHNW, 
MONW group showed a higher prevalence of angiographic CAD in 
all the subjects [Table/Fig-3]. There is a 1.11 times more chance of 
getting CAD in patients who have metabolic obesity when compared 
to metabolically healthy patients [Table/Fig-4].

Compared to subjects in MHNW group, the MONW group showed 
higher association with severity of angiographic CAD. SYNTAX 
score which was used for measure the severity of CAD showed high 
association with MONW group when compared to other groups 
(p-value-0.003).
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MHNW (n=119) Mean±SD MONW (n=111) Mean±SD MHO (n=88) Mean±SD MAO (n=90) Mean±SD p-value*

Age (in years) 57.45±10.93 58.20±9.48 56.7±9.7 55.6±9.9 0.329

BMI (Kg/m²) 22.04±2.2 22.62±2.3 27.1±2.93 28.72±3.17 <0.001

WC (cm) 85.7±7.21 88.1±10.3 90.59±10.12 95.54±9.89 <0.001

WHR 0.95±0.028 0.96±0.028 0.95±0.02 0.95±0.02 0.025

FPG (mg/dL) 101.75±18.7 112.2±21.32 102.3±17.3 115.7±23.8 <0.001

HbA1c 5.94±0.62 5.96±0.81 5.87±0.49 6.2±0.9 <0.001

Total Cholesterol (mg/dL) 150.6±60.97 180.4±48.18 180.2±48.14 179.6±38.2 0.99

Triglycerides (mg/dL) 126.37±50.57 169.52±55.58 126.9±44.6 167.8±51.8 <0.001

HDL-C (mg/dL) 46.37±12.4 38.42±8.17 43.26±10.55 39.13±8.7 <0.001

LDL-C (mg/dL) 106±34.83 110±38.83 112±35.7 103±29.04 0.296

TC/HDL ratio 4.08±1.37 4.82±1.43 4.31±1.15 4.7±1.45 0.001

HOMA-IR 9.42±14.76 9.9±11.48 8.0±9.74 13.8±19.04 0.32

Urea (mg/dL) 23.9±7.98 23.28±6.4 24.69±9.8 22.8±12.4 0.54

Creatinine (mg/dL) 0.94±0.23 0.96±0.22 0.95±0.21 0.89±0.21 0.15

Uric acid(mg/dL) 4.24±0.94 4.6±1.78 5.06±3.73 4.8±3.93 0.24

eGFR (mL/min/1.73 m²) 83.3±18.6 78.4±19.9 83.15±17.3 84.9±21.8 0.10

hsCRP 5.35±11.9 6.4±10.4 7.6±24.49 6.8±10.1 0.82

Haemoglobin (g/dL) 14.36±1.96 13.23±1.73 13.63±1.48 13.46±1.63 0.21

[Table/Fig-2]:	 Baseline characteristics of subjects.
*One-way Anova test done. MHNW: Metabolically healthy and normal weight; MONW: Metabolically obese but normal weight; MHO: Metabolically healthy but obese; MAO: Metabolically abnormal obese 
group, LDL_-C: Low density cholesterol; HSCRP: High sensitive C reactive protein; EGFR: Estimated glomerular filtration rate; HOMA-IR: Homeostatic model assessment insulin resistance

Variable MHNW MONW MHO MAO

Syntax Score

Median (Q1,Q3) 5 (2,15) 12 (4,18.5) 9 (2,20) 7 (2,16)

p-value* 0.003 0.003 0.003 0.003

[Table/Fig-3]:	 Severity of coronary artery disease among the four groups.
*Non parametric tests carried out by Kruskal wallis one-way Anova test Null hypothesis Syntax score 
of all the groups are equal, alternate atleast 1 group is not equal.

Syntax score Odds ratio p-value

Metabolically Obese

Absence®

Presence 1.11 0.041*

Gender

Female®

Male 1.17 0.001**

Age

Adult®

Senior 1.25 0.000***

Hypertension

Absence®

Presence 1.04 0.346

Smoking

Absence®

Presence 1.01 0.883***

[Table/Fig-4]:	 Odds ratio of CAD according to metabolic status.
*p<0.05,**p<0.01,***p<0.001

Comparison p-value

Syntax Score p-value* <0.008

MHNW V/S MONW <0.001

MHNW V/S MHO 0.008

MHNW V/S MAO 0.006

MONW V/S MHO 0.023

MONW V/S MAO 0.015

MHO V/S MAO 0.93

[Table/Fig-5]:	 Severity of coronary artery disease between the groups.
*Non parametric tests carried out by Mann-Whitney test, MHNW: Metabolically healthy and 
normal weight, MONW: Metabolically obese but normal weight, MHO: Metabolically healthy but 
obese, MAO: Metabolically abnormal obese group

[Table/Fig-6]:	 Severity of coronary artery disease among four groups.
Groups 1: MHNW 5 (0,15), Groups 2: MONW 11 (4,19), Groups 3: MHO 6 (2,17.5), Groups 4: MAO 
7 (2,14)

Furthermore, we compared the association of severity of CAD 
in  between groups: when we compared MHNW group with 
MONW group, it showed high significance, i.e., p-value <0.001, 
when MHNW group compared with MHO group p-value was 
0.008, and with MAO group p-value was 0.006 [Table/Fig-5,6]. It 
is clearly seen from the results that the severity of angiographic 
CAD was high in MONW group. Unexpectedly, the MAO 
group showed a lesser association of severity of angiographic 
CAD than the MONW and MHO groups in comparison with 
MHNW group.

DISCUSSION
This is the first type of study in India which compares both the 
presence and association of severity of angiographic CAD between 
the metabolic obesity groups and weight status.

The main finding of the present is that the study subjects in 
MONW group have significant association with the severity of 
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CAD when compared to subjects in other groups. Even subjects 
in MHO and MAO group are also showing lesser association 
with severity of CAD concerning MHNW group. There are some 
previous studies which showed MONW group was associated 
with a high prevalence of cardiovascular diseases [11,12]. This 
study also shows that the MO group (combination of MONW 
and MAO), rather than the weight status, was associated with 
the prevalence and severity of angiographic CAD. These results 
emphasize the importance of metabolic obesity as a risk factor for 
angiographic CAD again, regardless of phenotypic obesity which 
is measured by the BMI. The metabolic obese status, not just 
weight status also predicts future cardiovascular risk. This study 
shows the similar results with the studies presented in literature 
[10,11]. However, this study suggests that the greater part of 
severity or adverse association with angiographic CAD is in MO 
group patients with normal weight, but not group with high BMI 
status (phenotypic obesity).

Other than this angiographic CAD, MONW group patients 
associated with subclinical left ventricular dysfunction, new-
onset  diabetes, heart failure and significant mortality [13-15]. 
Major differences between previous studies are that all the 
subjects included in this study had positive stress test findings 
or came with the complaint of stable angina and underwent 
invasive CAG for the exact evaluation of CAD burden. We 
included more  than 400 subjects in our study. Second, we 
assessed the severity of angiographic CAD by the latest online 
scoring system using coronary angiogram called SYNTAX 
score. Third, all the patients included in our study were the 
nondiabetic or recent onset of diabetes who are not started on 
any hypoglycaemicdrug yet.

One of the important findings of our study is that the adverse 
association of metabolic obesity with both prevalence and 
severity of angiographic CAD were more prominent in subjects 
with a BMI less than 25.0 (normal weight), as compared to those 
with BMI of 25.0 or above. Therefore our data suggests that 
the group with normal BMI was more prone to angiographic 
CAD than that with a high BMI, in case of Metabolic Obesity 
status also. Our definition of metabolic obesity was similar to 
that of existing MetS [16]. So the novelty of our study is that 
we added weight status to the group along with MO or MetS. 
It is already known that MetS are associated with CAD and 
more to the point, classification of MO or MetS might be more 
meaningful with normal weight subjects than obese according 
to our findings [17]. Other previous studies also showed that 
the MONW has trend more adverse cardiac events than MAO 
group [14]. In particular, we could consider more aggressive 
pharmacological treatment in MONW patients who need to 
undergo CAG. Therefore tendency to treat subjects with MO or 
MetS like others might be feckless. Large and prospective trails 
will help to settle this issue more definitely. Underweight and 
normal-weight status subjects were more associated with higher 
long-term mortality rates and incidence of major cardiovascular 
events, suggesting that obesity paradox is also manifested in 
Asian patients with CAD [18].

It is consistent from our study findings that classification based on 
only BMI does not help to predict the severity and prevalence of 
angiographic CAD. Other studies have reported that in contrast 
to normal weight with insulin resistance individual, metabolically 
healthy obese individuals show decreased heart failure risk in a six-
year follow-up study [15]. The different hormonal, metabolically 
and pro-inflammatory activities of various adipose depots seem 
to play a major role in understanding this phenomenon [9].

Several mechanisms can explain the association of adverse 
profile of angiographic CAD with MONW group. First thing is 

hypertension and hyperglycaemia in the subjects of this group 
may have contributed to the adverse outcomes. The second 
thing is WHR is an anthropometric measurement of central 
obesity which is associated with CVD and mortality and MONW 
group has higher WHR compared to the other three groups [19]. 
Our study with those previous studies suggests that central 
obesity or body fat content might be more clinically important 
than BMI.

LIMITATION
We had considered NCEP ATP III Asia specific criteria to define the 
MO, so our results might vary if we involve other criteria. Second, 
BMI cut-off points for obesity should be lower for Asian populations 
than they are for European populations. However, the available data 
were not sufficient to support Asian-specific cut-off points to define 
“overweight” and “obese” [20].

CONCLUSION
The MONW or MO group is associated with the prevalence and 
severity of angiographic CAD. In particular, MONW group is 
independently associated with severity of CAD when compared 
to MHNW group. So, it is important to give more focus on the 
subjects with MO with normal BMI while assessing the risk factor 
for angiographic CAD.
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