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Abstract 

Objectives: Obesity rates have increased globally with increase in the incidence of comorbidities 

especially type 2 diabetes mellitus. A cross-sectional study was conducted on healthy obese adults 

to estimate: (i) comparisons of anthropometric indicators, lipid profile, and glycemic profile in 

obese compared with non-obese, and (ii) the association of anthropometrics and lipid profile with 

glycemic profile in obese adults. Methods: The study includes 120 individual with aged ranged 

(25 – 55) years were enrolled in this study. They were divided into two groups: group one (G1) 

consist of 90 patients with a body mass index (BMI) of more than 25 kg/m2. Group two (G2) of 

30 healthy adults as a control group with (BMI) of less than 25 kg/m2.waist circumference (WC), 

hip circumference (HC), and waist/hip ratio (WHR) as anthropometric indicators, and fasting 

serum lipid profile, glycated hemoglobin (HbA1c), and Homeostatic Model Assessment for Insulin 

Resistance (HOMA-IR) as biochemical variables were assessed.  Statistical significance (α) was 

set at (p<0.05).Results: Based on independent samples T-test analysis acted as a significant 

comparison between non-obese and obese groups, anthropometrics and biochemical variables 

exhibited highly significant higher in obese compared with non-obese. Also, a positive significant 

correlation was found between WC and WHR with both of HOMA-IR and HbA1c. Finally, a 

positive significant association of HOMA-IR with triglycerides (TG), total cholesterol (TC), very 

low-density lipoprotein cholesterol (VLDL-C), low-density lipoprotein cholesterol (LDL-C) 

except for high-density lipoprotein cholesterol (HDL-C), no significance was found as well as 

HbA1c showed only positive significant association with LDL-C. In conclusion, the present study 

demonstrated that WC was the strongest indicator for increasing HOMA-IR than WHR. Also, this 

study revealed that abnormalities in lipid profile in obese participants have shown strong positive 

association with HOMA-IR, particularly LDL-C. 
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1. Introduction 

Obesity rates have increased globally with an increased in the incidence of comorbidities; 

particularly type 2 diabetes mellitus (T2DM). Adiposity in the abdomen, particularly visceral 

adipose tissue (VAT), is thought to be a risk factor for the release of proinflammatory mediators 

and is linked to an increase in dyslipidemia, T2DM and cardiovascular disease (CVD) [1]. 

The characteristic dyslipidemia of obesity is associated with elevated (TG), (TC), (VLDL-C) 

and free fatty acids (FFA), decreased HDL-C with HDL dysfunction and normal or slightly 

elevated LDL-C with elevated small dense LDL [2]. Atherogenic dyslipidemia refers to the 

physiologically related combination of lipid abnormalities, such as hypertriglyceridemia and low 

HDL. In numerous studies conducted in different countries, this pattern of dyslipidemia has 

demonstrated a high association with T2DM and CVD [3-5]. 

With this background on the importance of abnormalities in lipid profile, central obesity and 

glycemic indices as a risk factors for T2DM disease in obese people, this current study was 

conducted on 120 adults with various BMIs to investigate whether (i) lipid profile(TC, TG, HDL-

C, VLDL-C, and LDL-C) as well as abdominal obesity indicators (WC and WHR) could predict 

the BMI, and (ii) any association between glycemic profile, including (HOMA-IR) and (Hb1Ac) 

with BMI, WC, WHR as well as lipid profile.  

2. Subjects and methods 

2.1 Subjects 

A cross-sectional design was performed in the current study. During the period of September 2021 

to January 2022, all volunteers were recruited from Nu'man Teaching Hospital, Bagdad, Iraq after 

obtaining their consent to participate in the research using written informed consent as an Ethical 

consideration. More than ten were refused participation in this study, and three individuals were 

excluded from the study on the basis of their HbA1c test results that were higher than (6.5%). After 

excluding any pathology that could alter the results of the study, including, Rheumatoid arthritis, 

type 2 diabetes mellitus, thyroid diseases, cancer, pregnant women, and hypertension, 120 subjects 

were finally included in this analysis. The participants aged 25-55 years’ old were divided into 

non-obese group with BMI less than 25 kg/m2 and obese group with BMI more than 24.9 kg/m2, 

matching the ages between them. 

2.2 Methods 

Demographic and anthropometric information were taken through the interview, including gender, 

age, the history of current diseases, height, weight, BMI, WC, HC, and WHR. BMI was estimated 

from dividing weight in kilograms by the square of height in square metres. Blood sample were 

obtained after an overnight fasting to evaluate fasting blood sugar (FBS), fasting insulin (INS), 

and lipid profile. Insulin levels were assessed with an enzyme-linked immunosorbent assay 

(ELISA). HbA1c levels were estimated with a sandwich immunodetection method. (TC), (TG), 

(HDL-C), and FBS were assessed by enzymatic oxidation method. (VLDL-C) and (LDL-C) were 

calculated using friedewald equation [6]. (HOMA-IR) was estimated according to the following 

formula [(Fasting INS × FBS) mg/dl / 405] [7]. 
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2.3 Statistical analysis 

All analysis and graphs were conducted using the IBM SPSS software V.22. The data were 

expressed as Mean±SD for numerical values. To examine differences in characteristics between 

non-obese and obese groups, we performed Independent samples T- test. Correlations between 

study variables were conducted using Pearson correlation. All of the analyzes were donated 

(p<0.05) as significantly significant. 

3. Results 

Comparison of anthropometric measurement and body composition analysis parameters between 

the two groups showed that (120) adults were included: 90 obese (25 males, 65 females) and 30 

non-obese with (8 males, 22 females). Their characteristics are detailed in Table 1. Obese 

participants showed significantly higher than non-obese participants for WC, WHR, HOMA-IR, 

HbA1c, and lipid profile except for HDL-C that non-obese participants exhibited significantly 

higher levels than obese participants. 

The results of Pearson correlation analysis between anthropometrics and lipid profile with 

glycemic profile. Positive associations of WC and WHR with HOMA-IR and HbA1c were found, 

as shown in Table 2. The most surprising aspect of the data is that a positive significant correlation 

(P<0.05) was showed between HOMA-IR with TG, TC, VLDL-C, and LDL-C except for HDL-

C, no significance was found. No significant correlation (P>0.05) was found between HbA1c and 

TG, TC, HDL, and VLDL except LDL where a positive significant correlation was showed. Their 

association results are detailed in Table 2. 

Table 1. Comparison of demographic, anthropometric, and biochemical variables 

 

 between non-obese and obese participants     

  Non-0bese Obese    

    (Mean±SD) (Mean±SD) p-value   

Demographic variables      

n(120)  30 90    

male  8(26.7%) 25(27.8%)    

female   22(73.3%) 65(72.2%)    

Anthropometric variables      

BMI (kg/m2 ) 22.9±1.78 32.49±4.33 p<0.001   

WC (cm)  78.93±8.23 102.89±13.21 p<0.001   

WHR   0.78±0.045 0.96±0.085 p<0.001   

Biochemical variables      

HOMA-IR  0.33±0.09 0.86 ±0.17 p<0.001   

HbA1c (%) 4.93±0.35 5.29±0.38 p<0.001   

TG (mg/dl)  102.54±15.8 150.93±18.07 p<0.001   

TC (mg/dl)  115.46±14.8 187.9± 23.43 p<0.001   

HDL (mg/dl) 56.6±12.8 40.06±12.26 p<0.001   

VLDL (mg/dl) 20.51±3.2 30.19±3.6 p<0.001   

LDL (mg/dl) 46.31±12.98 101.8±19.09 p<0.001   

Donates statistical significance (p<0.05).      
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4. Discussion 

 As mentioned in Casadei and Kiel review, anthropometrics are important as diagnostic criteria for 

obesity, which significantly increases the risk for conditions such as cardiovascular disease, 

hypertension, diabetes mellitus, and many others [8]. BMI is a simple and widespread indicator 

for the diagnosis of obesity. The present study was designed to determine the relationship between 

obesity (higher than 25 kg/m2) and metabolic syndrome, especially insulin resistance, and broadly 

supports the work of other studies in this area linking obesity with insulin resistance [9], [10]. 

Table 2. Pearson correlations between anthropometric variables and lipid profile with glycemic profile. 

 

In addition to previous explanations of BMI, WC and WHR are more accurate anthropometric 

measures to describe body fat distribution especially subcutaneous adipose tissue (SAT) and 

visceral adipose tissue (VAT) accumulation [11]. The results of present study indicate that the 

central obesity measures (WC and WHR) exhibited higher values in obese group than in non-obese 

group as well as association of WC and WHR with BMI that agrees with Jabłonowska-Lietz et al. 

and Nadeem et al. studies [12], [13]. As shown in Figure 1. 

Another important finding in this study is that there is a significant and progressive increase of 

HOMA-IR and Hb1Ac according to BMI as shown in Figure 1, In accordance with previous 

studies [14-16]. Fernstrom et al. study explained increasing of HOMA-IR levels in obese people 

from their study. They observed that individuals who consumed more sugar and carbohydrates 

than is advised had higher HOMA-IR levels. Additionally, they showed that young individuals' 

healthy insulin resistance (HOMA-IR) and reduce the risk of developing diabetes were correlated 

with the recommended diet of seafood, fruits, and vegetables [17]. 

Abnormalities in the lipid profile have been found to be a significant complication that predisposes 

to a variety of diseases, including cardiovascular disease, diabetes, and obesity. In the current 

study, as shown in Figure 1, the finding is consistent with the work of other studies in this area 

linking lipid profile with BMI [18-22]. It also seems possible that the impacts of obesity on lipid 

metabolism are depending on the distribution of adipose tissues. Increased VAT and upper trunk 

SAT are associated with higher TG and lower HDL-C levels [23], as well as a pro-inflammatory 

feature of obesity that also alters lipid metabolism by activating resistin that lead to increased 

generation and secretion of VLDL through activating lipolysis in adipocytes, de novo fatty acid 

and triglycerides synthesis [24].  However, Moussavi et al. study showed no significant difference 

for TC, TG, LDL, and HDL between overweight/obese subjects and normal weight subjects [25]. 

Furthermore, the researchers from the Moor et al. study concluded that, despite the fact that 

dyslipidemia affects half of the sample's obese Cameroonian adults, it is unaffected by BMI [26]. 

This differs from the findings presented here. 

Variables   BMI WC WHR TG TC HDL VLDL LDL 

HOMA-IR r 0.811 0.649 0.447 0.351 0.319 -0.11 0.355 0.535 

 P-value 0.000* 0.000* 0.000* 0.001* 0.002* 0.301 0.001* 0.000* 

HbA1c % r 0.318 0.335 0.362 0.142 0.085 -0.183 0.126 0.364 

 P-value 0.002* 0.001* 0.000* 0.183 0.425 0.084 0.236 0.000* 

*Donates statistical significance (p < 0.05).       
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The current study results in Table 2 showed a highly significant positive correlation (P<0.01) of 

HOMA-IR and HbA1c with WC and WHR. Several studies reported similar results of the present 

study [27-29]. Excess carbohydrate consumption increases triglyceride synthesis in the liver and 

adipose tissues, and elevated triglyceride levels increase central fat (representative of visceral fat), 

which is responsible for the release of various adipokines (such as resistin, visfatin, and tumor 

necrosis factor-alpha (TNF-α)) that are associated positively with insulin resistance and negatively 

with insulin sensitivity. These explanations are in concordance with the results of the other studies, 

which also showed WC as the best predictor of insulin resistance [30], [31]. 

Dyslipidemia is recognized as an independent risk factor for type 2 diabetes mellitus (T2DM) 

development [32]. According to the Chen et al. study, those with hyperlipidemia are more than 

three times more likely to develop T2DM than individuals with healthy lipids [33]. However, the 

role of dyslipidemia in the progression from normal glucose tolerance to diabetes remains 

unknown. 

The results of the correlational analysis were presented in Table 2 and showed a significant 

association of lipid abnormalities with HOMA-IR particularly (TG, TC, VLDL, and LDL) and 

HbA1c with LDL, in partial accordance with Lin et al. study showed that all lipid indices were 

correlated with HOMA-IR and HbA1c [34].  

The most striking result to emerge from the data is that LDL, in accordance with previous studies 

have demonstrated that LDL levels were positively correlated with glycemic profile [35], [36]. 

Another interesting finding is that a positive association of TG and TC with HOMA-IR, similar to 

what has been previously reported in other studies [37], [38]. They also reported a significant 

correlation with HDL, in contrast to our findings of no association between HDL levels and 

HOMA-IR. A possible explanation for these findings is impaired insulin signaling, which leads to 

the increased hepatic secretion of VLDL as well as late clearance of TG-rich lipoproteins, owing 

to increased substrate levels of TG synthesis [39]. Furthermore, insulin resistance reduces 

lipoprotein lipase activity, resulting in delayed clearance of TG-rich lipoproteins, resulting in small 

dense LDL-C and lower HDL-C levels [40]. Another reason for this may be that the accumulation 

Figure1. Comparisons of demographic, anthropometric, and biochemical variables between non-obese and 

obese participants. 
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of visceral fat in obesity generates an increase in free fatty acids, which induces adipocyte 

inflammation and consequently reduced insulin sensitivity, thus changing lipid metabolism [41]. 

5. Conclusion  

In this paper, we showed that obesity, defined by BMI, WC, and WHR contributing HOMA-IR 

elevation as well as WC was the strongest indicator for increasing HOMA-IR than WHR. Also, 

our findings demonstrated that abnormalities in lipid profile in obese participants have shown 

strong positive association with HOMA-IR, particularly LDL. However, this analysis had several 

limitations. First, no inferences could be derived from the current study's cross-sectional approach. 

Second, additional potential factors impacting lipid variables, such as dietary features, were not 

included in this study. Third, the current study employed a small sample size. As a result, future 

studies that take dietary features into account, as well as additional prospective designs, are 

required to validate our findings and extend the sample size. 
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