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Introduction

Cardio-metabolic diseases as diabetes, NAFLD, 
cardiovascular diseases and hypertension 

considered to be at an alarming rate and epidemic 
proportions in Pakistan (Adair et al., 2014). Cardio-

metabolic syndrome associated with obesity is a major 
contributor to rise healthcare costs in our society and 
reduction in life expectancy. The cardio-metabolic 
syndrome is known as “New World Syndrome” 
and “Lifestyle syndrome” that lead to doubled the 
risk of diseases in countries (Kelli et al., 2015). The 
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cardiovascular diseases increased from 2010 to 2030 
due to lipid profile, blood pressure and blood glucose 
in population growth and aging (Moran et al., 2010). 
Obesity is a chronic disease defined by the World 
Health Organization as the abnormal or excess fat 
which is progressive, heterogenous and relapsing in 
the body and is imbalanced by various factors such 
as metabolic, genetic, environmental and behavioral 
(Brown et al., 2023). It is a complex disease which 
may lead to multimorbidity due to multiplicative 
risk factors for middle aged and older adults (Ding 
et al., 2023; Calderón-Larrañaga et al., 2019). It has 
become a major concern now a days that obesity kills 
more people in countries than underweight and has 
a negative impact on health problem (Lopez-Jimenez 
et al., 2022; Dell’Osbel et al., 2023). The evidence 
suggests that the distribution of adiposity tissue 
and heterogeneity of fat composition can be crucial 
to cardiometabolic disruption (Ormazabal et al., 
2018). It is a metabolic syndrome that together with 
the clustering and combination of anthropometric 
measurements and lipid 2 profile increase the risk of 
cardiovascular diseases along with other components 
as insulin resistance, hypertension, dyslipidemia 
and diabetes (Battineni et al., 2021). The metabolic 
syndrome underlying obesity is a strong predictor 
and has fueled the prevalence of cardio-metabolic 
diseases with other components being dyslipidemia 
(high TAG and Low HDL) and elevated levels of 
blood pressure and blood glucose (Castañer et al., 
2020). These components have independent effect 
but the clustering of these factors had synergistic 
effect that increase the risk of diseases (Sverdlov 
et al., 2016). The National Cholesterol Education 
Expert Panel defined components in persons with at 
least three of containing these components consider 
as having metabolic syndrome which are: (1) Waist 
Circumference >88 cm in females and >102cm in 
men. (2) High density lipoprotein-cholesterol as 
100mg/dl, markers of glucose control include HbA1c 
(4) fasting triglycerides >150mg/dl (Holvoet, 2012; 
Khatib, 2004). The Current International Task Force 
(IOTF) estimates that 312 million global populations 
are obese [body mass index (BMI) > 30kg/m-2]. 
For men and women, the rates of obesity (BMI >30 
kg/m-2) are similar. The World Health Organization 
global burden of disease project by IOTF analysis the 
comparative burden of disease where the cluster of 
hypertensions, raised BMI, raised cholesterol in both 
developed and developing countries where physical 
inactivity and poor dietary intake also considered 

( James et al., 2004). By 2025, the prevalence of obesity 
reaches 21% in females and 18% in males. Increasing 
rates of obesity affects one -sixth of children and one 
third of adults and further increase cardio-metabolic 
diseases in the United States ( Johnson et al., 2007). 
According to United States, the recent data evaluates 
that level of obesity above Body mass index BMI>45 
kgm-2 reduce the life expectancy in women up to 8 
years and in men up to 13 years between aged 20- 3 
30 years. According to WHO, the overall rate is 16% 
to 11% of all deaths in the world while in Pakistan 
this rate is 8.02%. The diabetes (18.7% overall), 
hypertension was present 42.5 %, hyperlipidemia 
was present as 47.1% the most common risk factor 
and 36.8% of obese patients (Vikulova et al., 2019). 
The prevalence of obesity has been increased in 
youth, in men after age 30 and women after age 40 
increased with age, changes in body composition 
and sex groups. The ratio was expected to become 
17.5 million in 2012, 17.9 million in 2016 and by 
2023 went to 22.2 million (Şahin and İlgün, 2022). 
By Pakistan National Health Survey (PNS), the 
data from populations are analyzed to compare and 
identify the fat and obesity. The information about 
anthropometric measurements of fat and obesity is 
scarce in Pakistan. The cut-off values carry the same 
risk remains to be determined in Pakistani population. 
In this report, the objectives are: the measure of 
individuals weight and their body mass index, central 
obesity (waist to hip ratio), to define the synergetic 
measures of obesity for development of cardio-
metabolic diseases in Pakistan (Dennis et al., 2006). In 
Pakistan, the high rate of individuals associated with 
obesity due to BMI and waist to hip ratio (WHR) 
(Zahid et al., 2011). The factors combined association 
with the waist to hip ratio and body mass index is 
considered the diagnostic and screened criteria for 
obesity. All these risk factors increase with age are 
more common in older than younger individual in 
the estimation of cardiometabolic risks in the clinical 
and general population (Andersson and Vasan, 2018). 
The clustering of risk variables across a continuum, 
skin folds, waist girths, using relative weights or other 
measures of adiposity is strongly linked to cardio-
metabolic diseases (Chung et al., 2018). The cut-off 
points of anthropometric indices associated with 
obesity in different populations are studied because 
of ethnic/racial differences which better predict 
diseases 24. Body mass index (BMI >30) measure 
overall adiposity associated with different phenotypes 
35 that are prognostic for cardiometabolic outcomes 
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(Lyall et al.,  2017). WC defined the central obesity 
is considered the effective index for measuring the 
distribution of visceral fat to predict cardio-metabolic 
diseases (Zhang et al., 2019). According to WHO, the 
waist circumference cut-off values is >80 cm for females 
and >90 cm for males. The hip circumference (HC) 
also shows strong association of risk profiles between 
cardiovascular diseases and metabolic syndrome. 
Waist to hip ration (WHR) is more sensitive to any 
change in waist and hip region (Macek et al., 2020). 
The BMI and WHR has a correlation and considered 
thresholds as indicators for measuring abdominal 
fat mass to classify obesity for identifying patients 
at risk (Amin et al., 2015). The pronounced effect on 
WC and decrease in WHR decrease abdominal fat 
accompanied by reduction in hip circumference. So, 
no study has looked and conducted the synergistic 
effect of clustering of obesity-related risk factors 
and cardio-metabolic diseases in local district of 
Sialkot, Pakistan. The best synergistic anthropometric 
indicators effect for cardio-metabolic diseases still 
remains inconsistent. We conducted study in which 
we identify and compare the combined effect of body 
mass index and waist to hip ratio which better predict 
and lead to development of disease. 

Materials and Methods

The subjects were interviewed and signed written 
informed consent was obtained. The random blood 
sampling of 453 patients was done from hospitals 
and general population. The questionnaire regarding 
demographic information and history of any disease 
in family were filled by subjects. 

Cardiometabolic risk was defined as the presence of 
more than 3 of the following components, adapted 
from IDF guidelines. Acoording to these guidelines 
(i) elevated waist circumference (≥90 cm men, ≥80 
cm women, (ii) elevated triglycerides (≥150 mg/
dL), (iii) reduced HDL-cholesterol (<40 mg/dL 
men, <50 mg/dL women), (iv) elevated fasting blood 
glucose (≥100 mg/dL) and (v) elevated blood pressure 
(≥130/85 mmHg). Participants meeting ≥3 criteria 
were classified as ‘at cardiometabolic risk’ and this 
binary variable was used as the dependent variable 
in the regression analyses. The obese subjects were 
selected according to BMI Cut off value for Asian 
population, for the categorization central obesity 
waist circumference and waist to hip ratio was 
measured. The women with >80 cm men with >90 

cm of waist circumference were considered as central 
obese. The exclusion criteria consisted of disease 
history of patients. This study was approved by ethical 
committee for the use of human subjects University 
of Sialkot. Blood samples were collected for analysis 
and estimation of biochemical parameters.

After collection of data the record was maintained 
on MS Excel worksheets, Statistical analysis was 
performed by using IBM SPSS statistics, version 25.0. 
(Akinola et al., 2016). Analysis of variance (ANOVA) 
was done followed by a multiple comparison test: 
statistical significance cutoff was adjusted at p 
<0.017. Post-hoc pairwise comparisons between BMI 
groups were adjusted for multiple testing using the 
Bonferroni correction; an adjusted p-value < 0.05 
(family-wise) was considered statistically significant. 
Comparison of anthropocentric measurements and 
biochemical parameters of underweight, overweight 
and obese subjects with normal and higher waist to 
hip ratio was done.

Results

The sample consisted of 453 individuals, 67.99% 
females and 32.01% males. The population was 
22.51% normal weight with 9.71% normal and 
12.80% higher waist to hip ratio, 31.34% overweight 
with 9.05% normal and 22.29% higher WHR and 
46.13% obese 7.50% normal and 38.63 % with higher 
waist to hip ratio (WHR) Figure 1.

Figure 1: Prevalence of central obese subjects in BMI 
based categories.

The subjects data was further categories on the bases 
of BMI and WHR. According to BMI values for 
Asian population the subjects were further subdivided 
into three categories underweight, overweight and 
obese. Similarly, for WHR two categories were 
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made normal and higher BMR. Our results showed 
significant decreasing pattern in height of studied 
subjects and significant increasing pattern of weight 
was observed. In BMI group significant difference in 
waist circumference (WC), Hip circumference (HC) 
and waist to hip ratio (WHR) was observed.

Comparison of the clinical data showed significant 
increase in blood pressure (both systolic and diastolic) 
while in lipid profile all the parameters showed 
significant increase from normal weight to obese 
except which significant decreased level. Similarly 
increasing values of blood sugar random, fastening 
and visceral adiposity index also showed increasing 
patteren from normal weight to obese subjects (Table 
1).

For the measurement of combined effect of studied 
parameters initially the individual effect was measured 
by applying the universalist and multivariate logistic 
regression analysis was performed. After logistic 
regression analysis pair-wise interaction analysis 
was performed. Furthermore, for the calculation of 
relative excess risk due to interaction (RERI) analysis 
was performed to confirm combined effect of studied 
parameters. Our results showed combination of VAI 
with LDL, FBG and waist circumference have higher 
interaction with cardio-metabolic disease risk similarly 
TG and diastolic blood pressure in combination have 
super additive effect for developing CMB risk (Table 
2). among these interactions VAI and WC showed 
highest RERI score (11.496) and indicated that this 
combination has highest association with CMB risk.

Table 1: Comparison of studied parameters among BMI and WHR groups.
Parameter Body mass index (BMI) Waist to Hip ratio

Normal (<22.9) 
n-102

Overweight (23-
24.9) n=142

Obese (>25) 
n=209

p-value Normal Central obese p-value

Age (years) 35.96±15.755b 33.23±13.397a 37.27±14.154c 0.034 33.54±13.841 36.48±14.506 0.055
Height (cm) 181.689±14.264 a 168.995±7.768 b 166.984±8.404 c <0.0001 174.284±11.572 169.729±11.192 <0.0001
Weight (kg) 70.843±10.429 a 71.845±9.097 a 81.212±7.643 b <0.0001 75.403±9.727 76.132±10.169 0.497
BMI ---- ---- ---- 24.944±3.432 26.522±3.492 <0.0001
WC 86.419±19.243 a 99.852±25.180 b 107.344±26.849c <0.0001 95.564±26.243 101.966±25.816 0.021
HC 87.23±7.869 a 98.54±10.482 b 116.22±10.099 c <0.0001 97.91±14.529 106.38±15.099 <0.0001
WHR 0.92±0.237 a 0.93±.031 b 0.94±.037 c <0.0001 --- --- ----
Systolic BP 122.892±13.756 a 125.942±14.261 b 129.931±14.082 c <0.0001 124.820±14.386 127.880±14.324 0.04
Diastolic BP 78.764±9.370 a 83.717±11.376 b 82.331±11.047 b 0.002 81.358±11.857 82.150±10.579 0.502
Chol (mmol/L) 3.816±.993 a 4.189±1.083 b 4.198±1.161 c 0.010 4.025±.990 4.137±1.148 0.353
HDL (mmol/L) 1.547±.394 a 1.508±.483 a 1.284±.494 b <0.0001 1.510±.427 1.382±.498 0.0014
LDL (mmol/L) 1.992±.921 a 2.348±1.050 b 2.597±1.123 b <0.0001 2.207±.959 2.442±1.116 0.0044
TG (mmol/L) 1.393±.550 a 1.644±.667 b 1.622±.641 b 0.004 1.533±.543 1.592±.666 0.391
VLDL (mmol/L) 0.277±.098 a 0.329±.133 b 0.325±.126 b 0.002 .306±.106 .318±.129 0.355
BSR (mmol/L) 8.41±4.747 b 7.398±2.741 a 9.108±4.734 c 0.012 8.663±5.191 8.453±4.047 0.700
FBG (mmol/L) 5.613±1.655 a 5.176±1.170 a 6.451±3.148 b <0.0001 5.575±1.606 5.965±2.661 0.134
VAI 0.817±.928 a 1.195±1.246 b 1.525±1.783 b 0.001 1.049±1.492 1.346±1.488 0.079

Table 2: RERI, relative excess risk due to interaction (additive synergy analysis).
Pair OR₁₀ OR₀₁ OR₁₁ RERI RERI 95% CI RERI p- Value SI
Chol×HDL 3.138 1.136 1.256 -2.018 -3.387–0.0210 0.052 0.113
Syst×HDL 2.908 1.369 1.934 -1.343 -1.499–0.801 0.26 0.410
LDL×VAI 1.761 2.578 5.402 2.063 1.426–2.795 0.001 1.882
FBG×VAI 1.325 2.906 5.128 1.897 1.440–3.805 0.002 1.851
WC×VAI 5.093 1.969 17.558 11.496 1.442–12.487 0.0087 3.271
Diastol×TG 1.391 2.014 3.638 1.233 1.110–2.110 0.0094 1.877
HDL×LDL 1.964 5.357 2.041 -4.281 -5.105–1.139 0.17 0.196
BMI×HDL 34.741 1.122 20.596 -14.266 -16.403–0.947 0.06 0.579

Note: Dichotomisedatmedian. OR10= Only Var1 elevated; OR01 = Only Var2 elevated; OR11= Bothelevated. RERI> 0=super-additivesyn-
ergy. SI>1= synergy.
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Discussion

The objective of the study was to validate the association 
of obesity related indices with cardiometabolic diseases 
in the adult and elderly population of Pakistan. 
Total of 453 sample from the studied population 
was collected and among these samples 67.99% 
females and 32.01% male subjects were included. The 
collected samples were further categorized on basis of 
BMI and WHR. Our studies samples were 22.51% 
normal weight 31.34% overweight and 46.13% obese. 
Among normal weight samples 9.71% were normal 
and 12.80% has higher waist to hip ratio, likely among 
overweight with 9.05% normal and 22.29% higher 
WHR and in obese 7.50% samples have normal range 
of normal and 38.63 %waist to hip ratio (WHR). A 
comprehensive analysis to find out the underweight 
and obesity trends worldwide by the NCD Risk 
Factor Collaboration indicated that during the 
period of 1990 to 2022, in majority of countries the 
combined prevalence of underweight and obesity is 
increased (Phelps et al., 2024). Our results indicated 
growing burden of obesity in studied population and 
are in accordance with the previous studies conducted 
to report the increasing trends of adiposity in South 
Asian regions. The data of studied subjects indicated 
higher values of WHR in all categories of BMI. We 
interestingly found that some subjects having BMI in 
normal weight range but they have elevated WHR. 
Therefore, our results suggest that BMI alone may not 
be sufficient to determine the health risk. Our findings 
are supported by previous studies indicating WHR as 
marker for fat distribution and reliable predictor of 
cardiometabolic diseases (Lee et al., 2008; Ashwell et 
al., 2016; Zhang and Zhang, 2024).

The comparative analysis of studied parameters 
revealed significant associations with obesity 
indicators. Higher BMI and WHR subjects showed 
increased values of anthropometric parameters and 
clinical parameters. In subjects with normal BMI 
range have mean Height (cm) 181.689±14.264a, while 
in obese subjects 166.984±8.404 c cm was observed. 
Mean weight (kg) of normal BMI subjects was 
70.843±10.429a Kg was observed while significantly 
higher weight (81.212±7.643b) in subjects with obese 
BMI was observed. For waist circumference, hip 
circumference and WHR significantly (p <0.0001) 
increased values (107.344±26.849c, 116.22±10.099c 

and 0.94±.037 c ) and in obese subjects were observed. 
Likewise increased values of anthropometric 

measures were observed in central obese category of 
studied samples. We found no significant (p=0.497) 
difference but slight increase of weight in central 
obese subjects was observed (75.403±9.727 kg and 
76.132±10.169 kg. BMI of central obese group 
was significantly higher (26.522±3.492 kg/m2) as 
compared to normal subjects (24.944±3.432 kg/m2). 
Similarly significantly higher values of waist and hip 
circumference (101.966±25.816 and 106.38±15.099 
cm) was observed in central obese subjects.

Our findings are in accordance with the studies 
indicating overweight or obese are associated with an 
increased risk of developing type 2 diabetes. A cohort 
study indicated that waist circumference is a strong 
predictor for detection of prediabetes, with a relative 
risk of 4.95 odds (95% CI: 3.42–7.17), central obesity 
and metabolic risk (Vera-Ponce et al., 2024). Studies 
conducted on waist and height also indicate the 
effectiveness of waist height and waist to height ratio 
as a screening tool for central obesity and metabolic 
disorders (Vera-Ponce et al., 2024; Tanveer et al., 
2022).

Clinical data of the studied samples also showed the 
disturbed values. We observed higher values of systolic 
blood pressure in obese subjects (129.931±14.082 
mmHg) while diastolic blood pressure was found 
significantly higher in overweight and obese 
subjects (83.717±11.376 and 82.331±11.047 
mmHg) as compared subjects having BMI subjects 
in normal range. Similarly Systolic Blood pressure 
was significantly higher in central obese subjects 
(127.880±14.324mmHg) while no significant 
difference was observed in diastolic blood pressure. 
Our results are in accordance with previous reports. 
Significant and Strong correlation between obesity, 
hypertension (Hall et al., 2015) insulin resistance, 
and reninangiotensin-aldosterone system (RAAS) 
dysregulation was reported in multiple studies. 
Some studies also reported that weight loss may also 
be associated with reductions in both systolic and 
diastolic blood pressure this finding highlight the role 
of obesity in hypertension development (Neter et al., 
2003).

Lipid profile parameters including Cholesterol, TG, 
LDL and vLDL were found higher in both obese and 
central obese subjects but HDL have higher values 
in normal subjects (1.547±.394 mmol/L). In central 
obese subjects all lipid profile parameters showed 
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disturbed values except vLDL that was higher in 
central obese subjects but no significant difference 
was observed. Similarly, VAI was observed higher 
in obese and central obese subjects as compared to 
Normal subjects. Our finding are consistent with 
results reported by (Ginsberg, 2000; Després and 
Lemieux, 2008; Ginsberg, 2000; Després et al., 2008). 
We find association of central obesity wit visceral 
fat accumulation and that is involved in promoting 
cardiovascular risk (Amato et al., 2010).

Combined effect of studied parameters was estimated 
by applying the RERI anlysis. For this purpose the 
combinations of studied parameters and were made 
and interaction was estimated. We found the VAI 
combined with WC, LDL and FBG showed higher 
association for developing the risk of cardiometabolic 
disease risk. The interaction of VAI with waist 
circumference (WC X VAI) showed the highest 
RERI score upto 11. 496 and SI value upto 3.271 
that indicated its higher interaction to develop 
cardio-metabolic disease risk. LDL and VAI showed 
1.882 SI score followed by FBG and VAI that was 
1.851. Similarly TG in combination ith diastolic 
blood pressure showed the super-additive effect 
with SI value 1.877 for CMB disease risk indication 
(Table 2). Our findings are plausible because obesity 
and visceral fats are key component of CMB. Waist 
circumference is a good parameter to detect visceral 
or central obesity while VAI is sex specific index 
and its an indicator of adipose function and insulin 
sensitivity. In present study we observed a strong 
amplified effect for CMB risk of these two parameter 
with their combined increase.

The results of our study are in accordance with 
the previous studies indicating the multi-factorial 
nature of cardio-metabolic disease. Some studies 
also emphasized that combined indices can predict 
cardiometabolic disease in a better way as compared 
to consider separately (Ayesh and Bradley, 2023).

Certain limitations of the study should also be 
acknowledged. Cross-sectional design precludes 
establishing causal relationships between obesity 
related indices, biochemical parameters and 
indices and cardiometabolic disease risk. Secondly, 
participants were recruited and samples were collected 
from a single geographical region, which may limit 
the generalizability.
 

Conclusion

On the basis of our results overall we conclude that 
Visceral adiposity index and waist circumference 
were separately and synergistically associated with 
cardiometabolic risk in this study. Our findings 
are also in accordance with existing literature and 
highlight the important role of these parameters for 
cardio-metabolic health assessment. Targeting these 
factors could improve early detection and prevention 
strategies for cardiovascular diseases.
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