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 ABSTRACT  

 
Background: Visceral Adiposity Index (VAI) is suggested as an effective adipose tissue 

marker that reflects the visceral obesity and the degree of visceral lipid distribution. 

Metabolic Syndrome (MetS) is one of the most common metabolic abnormalities in Type 

II Diabetes Mellitus (T2DM). Objective: to evaluate the prevalence of MetS in T2DM, 

and the association of VAI with glycated hemoglobin (HbA1C) as a marker of glycemic 

control. The current study was conducted in 129 T2DM (62 males and 67 females) at 

Tishreen University Hospital and Diabetes Center of Lattakia-Syria between 2020 and 

2021. Results: 90 patients (69.77%) were diagnosed with MetS. VAI index increased with 

the severity of MetS as compared to the body mass index (BMI) and waist circumference 

(WC) as global obesity markers. VAI increased with HbA1C levels≥8%, (p=0.003). Using 

receiver operating characteristic (ROC) curve, the best cutoff point for VAI to predict poor 

glycemic control was (1.9), with a sensitivity of (70%( and a specificity of (51%). Area 

under the curve (AUC) of VAI was the largest compared with WC or BMI. Conclusion: 

Strong association between VAI as a marker of visceral adipose tissue and elevated 

HbA1C levels as poor glycemic control marker in MetS.                                                

                                                                                                                                                                                                                                                                                      

Keywords: Visceral adiposity Index (VAI), Glycated Hemoglobin (HbA1C), Metabolic 

Syndrome (MetS), Type II Diabetes Mellitus (T2DM).                                                                                                                                                                                                                     
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  (VAI)العلاقة بين مشعر البدانة الحشوية 
 والضبط الغموكوزي لدى مرضى المتلازمة الاستقلابية

 
  *العزيز أسعدد. رمال عبد 

 
 (2022/  10/  2. قُبِل لمنشر في 2022/  8/  3)تاريخ الإيداع 

 

  ممخّص 
 

: هدف الهدفتعد المتلازمة الاستقلابية من أشيع الاضطرابات الاستقلابية لدى مرضى الداء السكري النمط الثاني. 
المتلازمة الاستقلابية لدى مرضى الداء السكري النمط الثاني، وكذلك دراسة العلاقة بين  انتشارالبحث لتقييم معدلات 

VAI  مريض داء سكري نمط ثاني  129ومستويات الخضاب الغموكوزي كمشعر لدرجة ضبط الغموكوز. شممت الدراسة
سوريا. جمعت العينات -ذقيةأنثى( من المراجعين لمركز السكري ومشفى تشرين الجامعي في مدينة اللا 67ذكر و 62)

مريض داء سكري بالمتلازمة الاستقلابية  90  أظهرت النتائج إصابة  النتائج:. 2021و 2020بين عامي 
ومحيط  BMIمع زيادة شدة المتلازمة الاستقلابية بالمقارنة مع مشعر كتمة الجسم  VAI(. ارتفاع مستويات 69.77%)

وبشكل هام %8≤مع ارتفاع مستويات الخضاب الغموكوزي  VAIترافق ارتفاع   كمشعرات لمبدانة الكمية. WCالخصر 
 AUCحيث كانت  %51ونوعية  %70، بحساسية VAI :1.9(.  بمغت القيمة الحدية لمشعر p=0.003احصائيا )

 .WCوالـ  BMIهي الأكبر مقارنة مع 
كواسم لمبدانة الحشوية والمستويات المرتفعة من  VAIأظهرت نتائج البحث ارتباطاً وثيقاً بين ارتفاع مستويات  الخاتمة:

 كمشعر لمضبط الغموكوزي السيئ لدى مرضى المتلازمة الاستقلابية. HbA1Cالخضاب الغموكوزي 
 
 
 

 - MetSالمتلازمة الاستقلابية  - HbA1C، الخضاب الغموكوزي VAIمشعر البدانة الحشوية الكممات المفتاحية: 
  T2DM   الداء السكري النمط الثاني 
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Introduction: 
adipose tissue dysfunction is one of the proposed mechanisms for systemic metabolic 

complications, such as low grade inflammation, insulin resistance (IR), dyslipidemia and 

dysglycemia [1]. It has been associated with an increased incidence of obesity (particularly 

central obesity) and Metabolic Syndrome (MetS) in the population and has been described 

as a morbidity and mortality risk factor in both normal weight and obese subjects ( [2].   

MetS with notable incidence worldwide (it varies from 8% to 43% in men and from 7% to 

56% in women) is a complex of interrelated and heterogeneous risk factors for 

cardiovascular and coronary heart diseases in Type II Diabetes Mellitus (T2DM) [2]. MetS 

is characterized and diagnosed with dysglycemia, raised blood pressure, dyslipidimia, and 

obesity, according to National Cholesterol Education Program Adult Treatment Panel III 

(NCEP ATP-III). In 2009 criteria proposed by (NCEP-ATPIII) was modified with respect 

to waist circumference (WC) as a central obesity marker, which varies in different 

populations as well as in Asian population [3, 4]. 

Visceral fat is strongly correlated with metabolic abnormalities, IR and cardiovascular 

disease than subcutaneous fat or overall obesity. In fact, visceral adipose tissue provides a 

microenvironment of low grade- inflammatory; with a higher rate of lipolysis (increased 

serum free fatty acids and Triglyceride (TG)), pro-inflammatory cytokines' secretion such 

as Interleukin-6, Tumor Necrosis Factor (TNF), and decreased level of Adiponectin 

hormone due to increased levels of Resistine hormone [5]. Therefore; inactivation of 

insulin signaling pathway in adipose tissue associated with dysglycemia and dyslipidemia 

have been investigated in T2DM patients [6].                                                                                    

Assessing of adipose tissue dysfunction using overall obesity markers such as WC and 

Body Mass Index (BMI) cannot distinguish visceral from subcutaneous fat; they cannot 

effectively differ between the fat and muscle. Magnetic resonance imaging (MRI) and 

Computerized tomography scan (CT) can quantify visceral fat tissue and distinguish 

between various types of body fat distribution, especially subcutaneous and visceral fat 

tissue, but these procedures are expensive and not available in every clinical setting [7]. 

Therefore, there is a need for simple alternatives and less expensive markers of adipose 

tissue that can quantify visceral fat.  

Recently, Visceral Adiposity Index (VAI) is suggested as a surrogate marker of visceral 

adiposity based on metabolic parameters: Triglyceride (TG), high-density lipoprotein 

cholesterol (HDL-C) and anthropometric parameters (BMI and WC) in men and women. 

VAI that reflects the degree of fat distribution and accumulation of visceral lipid is a better 

important and more effective adipose tissue index compared to WC and BMI that reflect 

the overall obesity [8, 9]. A strong relationship between the use of VAI and hyperglycemia 

, IR inT2DM has been determined in many researches.   Furthermore, there is evidence that 

increased WC is associated with the aggravation of TG levels as well as a notable 

association between TG level and risk of metabolic syndrome in T2DM patients [10]. 

Therefore;  the evaluation of abdominal fat, as a risk factor for poor glycemic control 

associated with MetS, is more efficient by estimating the VAI using a simple formula 

based on metabolic parameters (TG, HDL-C)  and  markers of overall obesity  

(WC, BMI) [11].                           

Aims of the current study were to evaluate the prevalence of Metabolic Syndrome (MetS) 

in type II Diabetes Mellitus (T2DM), and the association between Visceral Adiposity 

Index (VAI) and Glycemic control (using HbA1C) in patients diagnosed with MetS.  
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Methods and Materials: 

From November 2020 to December 2021, one hundred twenty-nine T2DM patients (62 

males and 67 females) were initially enrolled in this study which took place at Tishreen 

University Hospital (TUH) and Diabetes Center of Lattakia City, Syria. Demographic data 

and clinical information of participants were collected using a standardized questionnaire 

after an informed written consent was collected from all participants.  

Study population: 
Inclusion criteria: T2DM patients aged from 25 to 83 years, on oral hypoglycemic drugs 

were included in the study. Mean duration of disease was 5.52± 3.89 years. 

Exclusion criteria: subjects with type 1 diabetes, presenting with a history of major 

medical illness such as, cancer, thyroid and endocrine dysfunction, and women with 

polycystic ovary syndrome (PCOS) were also excluded. 

Anthropometric measurements: weight (kg) and height (m) were measured with light 

clothes, barefoot.  

1) Body Mass Index (BMI) was calculated based on weight (kg)/height
2
 (m). Participants 

were divided as following according to the World Health Organization (WHO) 

classification:  

- Normal weight with BMI< 25kg/m
2
 

- Over weight with BMI: 25- 29.9kg/m
2
 

- Obesity with BMI≥30kg/m
2
 

2) Waist Circumference (WC) in cm: was obtained from all participants standing in both 

feet and both arms hanging freely, using a plastic, flexible, inelastic measuring tape in the 

middle point between the lower costal rib and the iliac crest in a perpendicular plane.  

The abdominal obesity thresholds were defined according to the World Health 

Organization criteria (WC>88 cm, for women, WC>102 cm, for men). 

Systolic and diastolic blood pressures (SBP/DBP) were measured twice using mercury 

sphygmomanometer and the readings were averaged. 

Visceral Adiposity Index (VAI): VAI calculation was performed using the gender-

specific equations proposed by Amato et al. [11]:  

a. VAI (male): (WC/ [39.68+ (1.88*BMI)] x (TG/1.03 *1.31/ HDL-C (mmol/l). 

b. VAI (female): (WC/ [36.85+ (1.89*BMI)] x (TG/0.81 *1.52/ HDL-C (mmol/l). 

Biochemical measurements: 
Under aseptic precautions, overnight fasting blood samples from T2DM participants were 

taken into two tubes: 

 a - Plain vacutainer tube: sample was centrifuged at 1500 rpm for 10 min at 25°C and the 

separated serum was used for the following biochemical tests: fasting blood glucose 

(FBG), HDL-C, and TG.  

b - Tube containing dipotassiom Ethylenedinitro tetra acetic (EDTA) anticoagulant: the 

whole blood sample was used for the test of Glycated Hemoglobin (HbA1C). 

Patients were considered dyslipidimic when serumTG levels≥150 mg/dl, and with serum 

HDL-C levels≤40 mg/dl for male, and ≤50mg/dl for female. 

MetS was diagnostic according to (NCEP-ATPIII) criteria with the presence of 3 of the 

following:  

1. Systolic blood pressure of ≥130 mmHg, diastolic blood pressure of ≥85mmHg, or 

treatment of diagnosed systemic hypertension. 

2. FBG≥110 mg/dl or previously diagnosed T2DM. 

3. HDL-C <40mg/dl in male and <50 mg/dl in female. 
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4. TG≥150 mg/dl or specific treatment for elevated TG. 

5. WC >88 cm in women, and >102 cm in men. 

T2DM patients with MetS (MetS+) were divided into three subgroups with increasing 

severity of MetS according to the number of criteria; MetS-3, MetS-4, MetS-5.  

Analytical Measurements and Instrumentation:  

FBG was tested by HumaLyzer Primus; Semi Automatic Microprocessor Controlled 

Photometer/Germany, HDL-C and TG were measured by Mindary BS-380 clinical 

chemistry analyzer/China. All biochemical investigations were performed according to the 

manufacturer’s protocol using commercially available Kits from Biosystem®, Spain.  

 HbA1C was measured using the technique of High-Performance Liquid Chromatography 

(HPLC) by Tosoh Automated Glycohemoglubin Analyzer (HLC®-723GX)/India.  

Statistical analysis: Results were analyzed using the Statistical Package for Social 

Sciences (SPSS) version 20 for windows. Data were presented as mean± standard 

deviation (SD). Student's t-test was used to compare the means of different variables 

between two independent samples. Analysis of variance (ANOVA) of one factor was used 

to identify differences among means. Person's coefficient was performed to show the linear 

correlation between different variables. Results were expressed as a p.value; results with 

p.value ≤0.05 was considered statistically significant.  

Results: 

The current study was performed in (129) T2DM patients, 62 males (48%) and 67 females 

(52%), with mean age (46.63±11.35 years), and mean disease duration (5.52±3.89 years). 

The mean levels of FBG and HbA1C were (146.37±56.34 mg/dl) and (8.25±1.68 %) 

respectively. Regarding obesity markers; the patients had a mean BMI (29.05±4.42 

kg/cm
2
), and a mean WC of (108.13±17.59 cm) for males and (112.23±12.03 cm) for 

females. (Table 1) shows baseline characteristics, serum TG and HDL-C levels of T2DM 

patients. 
Table 1: Baseline, anthropometric and biochemical characteristics of T2DM patients 

 

n, % 

T2DM 

(Mean± SD) 
parameter 

 46.63±11.35 Age (Years) 

 

62, (48%) 

67, (52%) 

- 

Sex 

Male 

Female 

 

<150: 70, (54.26%) 

≥150: 59, (45.745%) 

 

146.37±56.34 

 

FBG (mg/dl) 

 

<8: 60, (46.51%) 

≥ 8: 69, (53.49%) 

 

8.25±1.68 

 

HbA1C (%) 

- 

 
5.52±3.89 Duration of disease (years) 

<25: 25, (19.38%) 

≥25: 104, (80.62%) 

29.05±4.42 

 
Body Mass Index (kg/m

2 
) 

62, (48%) 

67, (52%) 

Male:108.13 ± 17.59 

Femeale:112.23±12.03 
Waist Circumference (Cm) 

 

- 

119.72 ±9.52 

83.81±7.79 

SBD* (mmgHg) 

DBP*(mmgHg) 

< 150: 33, (25.58%) 

150: 96, (74.42%)≤ 

 

171.13±58.60 
Triglycerides TG (mg/dl) 

40: 25   ≤     Males: < 40: 37, 

Females: <50: 30,  ≥ 50: 37 

 

57.62±15.05 
HDL-Cholesterol (mg/dl) 
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Table2: distribution of MetS patients according to obesity markers (WC, BMI and VAI), TG, 

HDL-C and HbA1C 

Parameter 

MetS( n=90) 

 

Mean± SD Lower Value 
Higher Value 

 

Age (years) 57±9.11 27 83 

VAI 2.45±0.69 0.69 8.40 

WC (cm) 105.57±12.65 78 150 

BMI (kg/m
2
) 29.11±4.42 21.32 44.78 

HbA1C (%) 8.54±2.24 5.5 15.4 

HDL-C (mg/dl) 51.34±13.43 31 105 

TG (mg/dl) 147.36±51.87 68 321 

        *SBD: systolic blood pressure , DBP: diastolic blood pressure  

 (Table 2) shows the distribution of MetS patients according to obesity markers (WC, 

BMI and VAI), TG, HDL-C and HbA1C.  

Among 129 T2DM, 90 patients were diagnosed with MetS (69.77%) according to (NCEP-

ATPIII) criteria. MetS Patients aged from 27 to 83 years with mean age of (57±9.11 years), 

and their HbA1C ranged from 5.5% to 15.4%, with mean of (8.54±2.24%) representing a 

poor glycemic control. Mean BMI and WC in MetS  

patients were (29.11±4.42kg/m
2
, and 105.57±12.65cm respectively) pointing to overweight 

population. VAI ranged from 0.69 to 8.40 with mean of (2.45 ±0.69). Concerning the lipid 

profile; serum HDL-C ranged from (32 to 105 mg/dl), while serum TG range from (68 to 

321mg/dl) with notable lipid abnormalities.                                                                                                                

(Table 3) shows the results concerning VAI, BMI and WC as obesity markers in MetS 

groups according to increased number of MetS criteria. Results confirm the association 

between increased VAI values and severity of MetS with significant difference between 

the three groups (p=0.001) . BMI and WC do not seem to be related to MetS severity 

(p>0.05).  

 

 

 

Table3: Visceral adiposity Index VAI, BMI and WC markers in patients with MetS according 

to number of MetS criteria 

  

N= 90, (69.77%) 

 

P.value MetS-5 

 

n=12, (13. 33%) 

6 

6 

MetS-4 

 

n=44, (48.88%)    

 17 

27 

MetS-3 

 

n=34, (37.77%) 

20 

14 

Parameters 

 

 

Male 

Female 

 

0.221 

 

31.07±7.11 

 

29.06±3.8 

 

28.48±3.8 

 

 

BMI 

Mean ±SD:(28.80±4.42) 

 

0.261 

 

 

108.91±10.41 

 

106.72±13.92 

 

102.91±11.40 

 

WC 

Mean± SD:(105.57±12.65) 

 

0.001 

 

3.19±1.38 

 

2.7±1.57 

 

 

1.81±0.62 

 

VAI 

Mean ± SD: (2.46±1.36) 
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Table4: The association of VAI with Glycemic Control in MetS patients 

Parameter N 
VAI 

Mean ± SD 
P.value r p.value 

HbA1C 

˂8 49 2.07±1.01 

0.003 0.211 0.046 
≥ 8 41 2.91±1.57 

FBG 

˂110 10 2.01±0.1 

0.04 0.301 0.03 
110-150 38 2.12±1.1 

˃150 42 2.6±1.03 

Duration of 

disease 

˂5 29 2.32±1.2 
0.531 0.06 0.531 

≥5 61 2.5±1.41 

sex 
Male 43 2.03±1.1 

0.004 - - 
Female 47 2.84±1.40 

(Table 4) represents the results of the association between VAI and Glycemic control 

in MetS patients. The data showed that elevated HbA1C values were associated with 

significant increase in the average of VAI (P=0.003). In addition, the Pearson's test showed 

a significant positive correlation between HbA1C and VAI index (r=0.211, P˂0.05). 

Patients with T2DM ≥5 years had an increase in VAI compared to the other group but the 

difference was not significant. The Pearson's test also showed no correlation between 

disease duration and VAI (P˃0.05). Elevated FBG levels were associated with a significant 

increase in the mean of VAI (P˂0.05). Females had a significant increase in the mean of 

VAI compared to males (p=0.004). Regarding the relationship of BMI and WC with 

Glycemic control; data showed that elevated HbA1C or FBG were not associated with 

increase BMI or WC (P˃0.05). In addition, there was no relationship of sex with increased 

BMI, or WC (data not shown). 

 (Table 5) and (figure 1) represent the results of Receiver Operating Characteristic Curves 

(ROC) of VAI, WC, And BMI for prediction of poor Glycemic Control (≥8%) in Mets 

patients. The largest AUC was with VAI (0.696) with cutoff of 1.9, sensitivity: (70%) and 

specificity: (51%) compared to BMI and WC, which showed AUC of 0.418 and 0.488 

respectively. Cutoff values of BMI and WC for predicting poor glycemic control in MetS 

were (27.55 kg/m2) and (120.5 cm) respectively, with poor sensitivity and specificity.                                                                                                                                                                                                                              

 

 

Table5:  Receiver Operating Characteristic Curve (ROC) Analysis, Sensitivity, Specificity, AUC and 

Cut-Off Values of VAI,  BMI, And  WC For Prediction of poor Glycemic Control (≥8%) in Mets 

Patients 

Parameter 

 
AUC Cut-off value Sensitivity % Specificity % 

VAI 0.696 1.9 70% 51% 

BMI 0.418 27.55 58% 33% 

WC 0.488 102.5 58% 37% 
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Figure1: ROC curves of VAI, WC, and BMI for prediction of poor glycemic control (≥8%) in Mets 

patients. AUC of VAI was the largest in comparison with AUC of BMI and WC. VAI: Visceral 

Adiposity Index, BMI: Body Mass Index, WC: Waist Circumference. 

 

 

Discussion: 
For most obese individuals, the risk of developing metabolic syndrome (MetS) is evident; 

central obesity has been strongly associated with severe abnormalities in the metabolic 

profile compared to general obesity. Moreover, with the increasing incidence of obesity 

and adipose tissue abnormalities worldwide, their association with poor glycemic control 

in T2D has been widely studied and confirmed. Due to the requirement for highly 

sophisticated techniques to assess visceral adiposity, there was an urgent need to find new 

easily performed markers such as the Visceral Adipose Index VAI. [12].VAI represents a 

new, simple and non-expensive marker for estimation of visceral fat in comparison with 

overall obesity markers (BMI, WC) that cannot distinguish fat from muscle. Various 

factors that influence the glycemic control have been widely studied [13,14].  So, we 

aimed in this study to estimate the incidence of MetS in T2DM, and the predictive value of 

VAI for poor glycemic control in MetS among T2DM patients.                                    

The present study was conducted on 129 T2DM aged 27 - 83 years, and with a mean 

disease duration of (5.52±3.89 years) at Tishreen University Hospital (TUH) and the 

Diabetes Center of Lattakia, Syria.                                                                                     

Our results show that 90 patients were diagnosed with MetS among T2DM according to 

(NCEP-ATP-III) with the presence of three criteria (explained previously) and with 

notable incidence of (69.77%). The results of (Gelfand, J.M, et al, 2005) showed incidence 

of (62%), which confirms a rising prevalence of MetS worldwide, and a notable prevalence 

in developing countries probably due to lifestyle, obesity, 
 
and the increased prevalence of 

T2DM [15].  Recently, it has been shown that patients with MetS have a 3.5-fold higher 

risk to develop an atheroma plaque. Thus, MetS identifies a group of high-risk individuals 

who would have been overlooked by considering only the conventional risk factors. 

Therefore; dysfunction of adipose tissue and abdominal obesity markers, such as VAI have 
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been widely studied. Our results showed that VAI was more effective in identifying the 

severity of MetS (as assessed by an increased number of MetS criteria) with a statistically 

significant difference (p.value= 0.001) than BMI and WC. BMI is a scale of overweight 

and obesity, but should be used conservatively in epidemiological studies to estimate the 

risk caused by the over accumulation of body fat [16].   Kishida et al., in 2012 confirm that 

over accumulation of body fat in the viscera represents an additional health risk, but BMI 

does not imply any thorough understanding of partial body fat distribution and 

accumulation
 
[16,17].        

To better understand  the influence of VAI as a visceral marker on patients with MetS as 

high-risk individuals, we investigated the relation of VAI with dysglycemia. The results 

shown in table 4 confirm the association between VAI and poor glycemic control; HbA1C 

levels were higher (≥8%) in patients with increased VAI values, and the difference was 

statistically significant (p-value=0.003) compared to BMI and WC. Liu et al. in 2016, 

showed that elevated VAI levels are positively associated with the presence of pre-diabetes 

and diabetes in Chinese adults [18]. In addition, VAI was significant with sex; females had 

higher VAI levels than BMI or WC, and this correlates with the results of Hameed, et al, in 

2019 [19].           The relation between visceral adiposity and poor glycemic control in 

MetS patients can be explained by the excessive release of free fatty acids (FFAs) from the 

visceral adipose tissue, with higher rates of lipolysis than subcutaneous fat [12]. In 

addition, visceral adipose tissue lipolysis show high insulin resistance (IR), and high 

activity of Hormone Sensitive lipase (HSL) leading to increased supply of free fatty acid to 

the liver by the portal reused of FFAs [17]. HbA1c level would be 0.8% higher for each 

50-cm increase in the visceral fat [19].         

To identify the cutoff values of BMI, WC and VAI that predict the poor glycemic control, 

Receiver Operating Characteristic Curve (ROC) Analysis, Sensitivity and Specificity were 

studied. Results shown in (table 5 and figure 1) confirm that VAI was the best obesity 

marker in comparison with BMI and WC to predict a bad glycemic control in MetS; the 

cutoff value of VAI was (1, 9) with a sensitivity of (70%), specificity of (51%), and AUC 

of (0.696). This means that patients having MetS and VAI≥1.9 will be with HbA1C level 

(≥8%) as uncontrolled T2DM patients. These patients need a better management protocol 

including: a strict diet, a healthy lifestyle, drugs against hyperglycemia and other 

procedures that may reduce HbA1C%. 

Conclusion: 
Notable incidence of obesity and MetS was observed in T2DM patients among Syrian-

population.  Increased VAI was associated with the severity of MetS, and strongly affects 

HbA1C levels in T2DM with MetS compared to BMI and WC.  
Visceral tissue abnormality exhibits a pattern of dysglycemia and dyslipidemia, and this 

suggests the beneficial measurement of the visceral fat markers as part of the clinical 

phenotyping and management strategy in T2DM. 

For most obese individuals, the risk of developing metabolic syndrome (MetS) is evident; 

central obesity has been strongly associated with severe abnormalities in the metabolic 

profile compared to general obesity. Moreover, with the increased incidence of obesity and 

adipose tissue abnormalities worldwide, which is strongly associated with poor glycemic 

control among T2DM; there is a need for evaluation of visceral fat using new markers such 

as Visceral Adipose Index VAI [12]. Therefore, VAI presents a new, simple and non-

expensive marker for estimation of visceral fat in comparison with overall obesity markers 

(BMI, WC) that cannot distinguish fat from muscle. Various factors that influence the 
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glycemic control have been widely studied [13,14].  So, we aimed in this study to estimate 

the incidence of MetS in T2DM, and the predictive value of VAI for poor glycemic control 

in MetS among T2DM patients.                                    

Our results show that 90 patients were diagnosed with MetS among T2DM according to 

(NCEP-ATP-III) with the presence of three criteria (explained previously) and with 

notable prevalence of (69.77%). The results of (Gelfand, J.M, et al, 2005) showed 

incidence of (62%), which confirms a rising prevalence of MetS worldwide, and notable 

prevalence in developing countries due probably to lifestyle, obesity, aging of population
 

and increased prevalence of T2DM [15].  Recently, it has shown that patients with MetS 

have a 3.5-fold higher risk of the presence of an atheroma plaque. Therefore, MetS 

identifies high-risk group of individual who would have been missed by considering only 

the conventional risk factors. Thus; dysfunction of adipose tissue and abdominal obesity 

markers, such as VAI have been widely studied. Our results showed that VAI was more 

effective to identify the severity of MetS according to increased number of MetS criteria 

with statistically significant difference (p.value= 0.001) in comparison with BMI and WC 

as overall obesity markers. In addition, BMI is a scale of overweight and obesity, but 

should be used conservatively in epidemiological studies to estimate the risk caused by the 

over accumulation of body fat [16].   Kishida et al., in 2012 confirmed that over 

accumulation of body fat in the viscera presents an additional health risk, but BMI does not 

imply any thorough understanding of partial body fat distribution and accumulation
 
[16, 

17].                                                                      

For more understanding the influence of VAI as a visceral marker on patients with MetS as 

high risk individuals, we studied the relation of VAI with dysglycemia. Results shown in 

table 4 confirm the association between VAI and poor glycemic control; HbA1C levels 

were higher (≥8%) in patients with increased VAI values, and the difference was 

statistically significant (p.value=0.003) compared with BMI and WC. Liu et al. in 2016, 

confirmed that elevated VAI level are positively associated with the presence of pre-

diabetes and diabetes in Chinese adults [18]. In addition, VAI was significantly related to 

sex; females were with higher VAI levels compared with BMI or WC, and this correlates 

with the results obtained by Hameed, et al, in 2019 [19]. The relationship between visceral 

adiposity and poor glycemic control in MetS patients can be explained by the excessive 

release of free fatty acids (FFAs) from the visceral adipose tissue, with higher rates of 

lipolysis than subcutaneous fat [12]. In addition, visceral adipose tissue lipolysis shows 

high resistance rate for insulin (IR), and high activity of Hormone Sensitive lipase (HSL) 

lead to increased delivery of free fatty acid to the liver by the portal reused of FFAs [17]. 

HbA1c level would be 0.8% higher for each 50-cm increase in the visceral fat [19].                        

To identify the cutoff values of BMI, WC and VAI that predict the poor glycemic, 

Receiver Operating Characteristic Curve (ROC) analysis, sensitivity and specificity were 

studied. Results shown in (table 5 and figure 1) confirm that VAI was the best obesity 

marker in comparison with BMI and WC to predict the poor glycemic in MetS; cutoff 

value of VAI was (1, 9). Patients with MetS with VAI=1.9 or more will be with HbA1C 

level (≥8%) as uncontrolled T2DM patients with a sensitivity of (70%), and specificity of 

(51%), while BMI and WC were ineffective to predict the poor glycemic. This suggests the 

need of better management protocol in patients including: diet, lifestyle, hypo-glycemia 

drugs and other procedures that reduce HbA1C%. 
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Conclusion: 
Notable prevelence of obesity and MetS in T2DM patients in study population as a part of 

Syrian-patients.  Increased VAI associates with the severity of MetS, and strongly affects 

the HbA1C levels in MetS with T2DM compared with BMI and WC.  
Visceral tissue presents dysglycemia and dyslipidemia profile, and this suggests the 

beneficial measurement of the visceral fat markers as part of clinical phenotyping and 

management strategy in T2DM. 
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