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A B S T R A C T

Background: An increasing number of people throughout the world are suffering with visceral obesity. Accu-
mulation of visceral fat is a pathogenic manifestation of global fat dysfunction, that leads to inflammation, 
atherosclerosis, abnormal lipid levels, and high blood pressure.
Methods: This association study was conducted at Department of Medicine, Mayo Hospital Lahore, Pakistan. 30 
participants who meet the selection criteria were recruited after taking written consent. Then patients were 
evaluated for their height, weight and waist circumference body mass index. Visceral fat was calculated by using 
machine for bio-impendence analysis. Visceral adiposity index was calculated. 5 cc venous blood sample was’ 
collected under aseptic measures and all samples were sent to the hospital’s laboratory for assessment of lipid 
profile and blood sugar levels.
Results: We have studied 30 patients (43.8 % female and 56.3 % male), mean age of study population calculated 
was 40.6 ± 11.80 years. The mean Visceral Body Fat was found to be 13.53 ± 1.41, High-Density Lipoprotein 
cholesterol mean calculated was 36.91 ± 9.18 mg/dL, and mean Visceral Adiposity Index calculated was 16.75 
± 7.55. Pearson Correlation was used, to find correlation between Visceral Adiposity Index and Visceral Body fat. 
The value turned out to be 00.899** shows positive correlation, p-value was 0. 001 significant.
Conclusion: In this study we found positive correlation of visceral adiposity index and visceral body fat by use of 
Bio impedance analysis machine among metabolically obese normal weight individuals. Visceral adiposity index 
requires many blood tests while Bio impedance analysis machine can be used in simple outdoor settings hence, 
we can isolate high risk patient in outdoor settings without any invasive procedures or laboratory investigations.

1. Introduction

Obesity, defined as having BMI of 30 kg/m2 or higher, is complex 
disease influenced by various factors. However, BMI criteria for obesity 
varies, especially among those of Asian ancestry [1]. In UK, 27 % of 
adults were found to be obese. The prevalence of individuals who were 
either overweight or obese rose from 53 % to 93 % in 2017 [2]. This 
trend increased consistently with age, peaking in the 55 to 64 age group. 
Globally, approximately, 650 million adults were considered obese, in 
2020 [3].

Several metabolic conditions have previously been linked to obesity, 
including cardiovascular disease, diabetes type 2, hypertension, as well 

as cancer [4,5]. Obesity-related metabolic disorders, on either hand, 
vary widely among patients with increased adiposity. Patient with 
obesity mostly suffering from metabolic obesity. Metabolically 
non-obese persons are described as having a more healthy metabolic 
profile, which includes lack of insulin sensitivity resistance and absence 
of high blood pressure, as well as an overall healthy cholesterol and 
inflammation profile [6]. Metabolically obese normal weight is sub-
population of normal-weight people with aberrant metabolic charac-
teristics [7]. The prevalence of metabolically obese individuals with 
normal weight can vary significantly based on how aggressively these 
metabolic issues are diagnosed and specific criteria used for assessment 
[8]. Visceral fat cells are linked to number of metabolic and 
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cardiovascular disorders; function of all adipose tissue depots, especially 
subcutaneous adipose tissue (SAT), affects development of visceral 
adiposity. When SAT is unable to adequately store energy due to 
dysfunction, excess energy can overflow into visceral fat, leading to its 
accumulation [9]. Visceral adipose tissue mass, as well as total body fat 
percentage, are linked to and potentially linked to disease trajectories, 
although BMI evaluation does not fully account for them [10]. Normal 
weight individuals can be metabolically obese. Visceral fat does not 
always correlate with body weight. In people of normal weight, esti-
mating visceral fat may provide important information for actions to 
improve metabolic risk factors [11].

When it comes to quantifying visceral fat, DXA are the gold standard, 
but their use in clinical practice as well as epidemiological data is 
confined due to its greater cost, need for specialized technology and 
skilled manpower [12,13].

There is much risk for cardiovascular disease due to visceral 
adiposity dysfunction [14]. With non-invasive method of bioimpedance 
analysis (BIA), visceral fat can be estimated on an outpatient basis, 
potentially removing the requirement for fasting lipid levels and phys-
ical measurements such as waist circumference. BIA’s specificity and 
accuracy for predicting visceral fat at the individual level, however, may 
differ, even though it can fairly estimate overall visceral fat among 
groups of individuals. Additional research is required to confirm that 
BIA is a reliable method for precisely determining visceral fat in each 
patient [15]. This may be useful in normal weight individuals who are 
traditionally considered to be at lower risk for cardiovascular and ce-
rebrovascular disease. Bio impedance analysis (BIA) has grown in 
popularity over the past two decades as method of estimating body 
composition, and it is now widely used [16]. The present study is aimed 
to find correlation between visceral adiposity index (VAI) (specific 
metric used to estimate visceral fat accumulation and assess associated 
metabolic risks, calculated using waist circumference, BMI, triglyceride 
levels, high-density lipoprotein cholesterol) and bio impedance analysis 
in metabolically obese normal weight individuals.

2. Methodology

After IRB approval i.e. 24/RC/KEMU dated 12-01-2021, 30 partici-
pants who met the selection criteria were included Sample size of 30 
cases was estimated using 95 % confidence level, 95% power of test with 
expected correlation value LDL/HDL i.e. r = 0.601, using formula; n¼
[(ZαþZβ)/C) [2] þ3 Patients of age 18–75 years, both male and female, 
having normal weight BMI (between 18.5 22.9 kg/m2) and Metaboli-
cally obese were recruited in the study. Metabolic obesity was defined 
on the basis of adult treatment panel III with individual fulfilling 3 out of 
5 criteria being categorized as metabolically obese i.e. Hypertension, 
Diabetes mellitus, Waist circumference, High Density Lipoprotein, Tri-
glycerides. Pregnant/lactating females, patients on antiobesity drug-
s/lipid lowering drugs with in last 3 months, patients with history of 
bariatric surgery/liposuction/other abdominal surgeries, malignancy, 
patients with history of MI/CVA with in last 14 days, known epileptics 
and patients with cardiac arrhythmias with implantable cardiac devices 
were excluded. written informed consent was taken from all patients. 
Name, age, sex and BMI was noted. Then patients were assessed for their 
height, weight and waist circumference BMI and Visceral fat. Weight 
and height were measured using medically certified scale and medically 
certified stadiometer according to international criteria. The BMI was 
calculated: BMI¼weight/height (m) 2.

5cc venous blood sample was collected under aseptic measures in the 
morning, blood samples were taken at 8:30 and 9:00 a.m. after overnight 
fast to measure HDL-C, TG and Blood sugar level and categorized 
accordingly. At halfway between costal border and iliac crest, anthro-
pometric tape was placed parallel to floor at conclusion of calm exha-
lation to measure waist circumference. Bioelectric impedance analysis 
system (Omron BF08) was used to determine fat weight, FM percentage, 
fat-free weight and fat-free weight percentage. Blood pressure was 

measured using oscillometer equipment.
Fat distribution and metabolism are reflected in VAI’s calculation as 

follows: 

VAI (males)=WC /39.68 + (1.88 × BMI) × TG /1.03 × 1.31/HDL      

VAI (females)=WC / 39.58 + (1.89 × BMI) × TG / 0.81 × 1.52/ HDL

A person’s weight and height are measured in centimeters, their BMI 
in kilograms per square meter, and their TG and HDL-C in mg/dl. The 
data was examined using SPSS 26.0. Age, triglycerides, HDL-C, and 
visceral adiposity index were reported as mean SD. Visceral adiposity 
index and visceral body fat were linked using Pearson’s correlation co-
efficient. Data analysis was done using SPSS. Mean and standard devi-
ation was computed for quantitative variables. Data was stratified for 
gender, and results mean were compared using independent sample t- 
test. Pearson correlation was calculated and p values < 0.05 was taken 
as significant.

3. Results

We studied 30 participants for the purpose of this study. All of them 
were metabolically obese normal weight individuals, included 56.3 % 
(n = 17) males and 43.8 % (n = 13) females, mean age of study popu-
lation was 40.6 ± 11.80 years. Systolic and diastolic BP mean noted was 
145.83 ± 4.871 mmHg and 87.3 ± 2.806 mmHg, respectively.

Anthropometry revealed that mean BMI 20.55 ± 1.38kg/m2 and 
waist circumference was 77.83 ± 6.17 cm. Mean Visceral Body Fat on 
bioimpedance analysis was found to be 13.53 ± 1.41 %.

Mean HbA1c of our study participants was 7.04 ± 0.53 %. HDL-C 
level was 36.91 ± 9.18 mg/dL and triglycerides levels were 158.75 ±
10.01 mg/dl. Visceral Adiposity Index was calculated by the above 
mention formulae in methodology; and mean was found to be 2.64 ±
1.34.

Table 1 summarizes and compares these parameters among male and 
female participants. WC, VBF, VAI and TG levels found higher in male 
participants, and these differences were statistically significant p < 0.05.

Pearson Correlation was used to find correlation between VBF and 
VAI of the whole group as well as that of male and female individuals. 
Correlations have also been determined between VBF & HDL, VBF & 
HDL, VAI & HDL and VAI and VBF. These are summarized in Table 2. 
VAI with VBF, VAI with TG and VBF with TG found to have positive 
association for entire population, however strong association was found 
for female participants as compared to males. Among VBF with HDL-C, 
and VAI with HDL-C no significant association was found.

4. Discussion

BIA is widely available, secure, economical technique for estimating 
body composition in clinical populations.

We have studied 30 patients (43.8 % female and 56.3 % male), mean 
age calculated was 40.6 ± 11.80 years. The mean Visceral Body Fat was 

Table 1 
Comparison of Study population characteristics according to gender.

Characteristics Male (n = 17) 
Mean (SD)

Female (n = 13) 
Mean (SD)

p-value

Age (years) 35.18 (10.87) 47.69 (9.15) 0.002a

Systolic BP (mmHg) 145.18 (5.27) 146.69 (4.34) 0.408
Diastolic BP (mmHg) 87.18 (2.83) 87.46 (2.87) 0.708
BMI (kg/m2) 20.34 (1.38) 20.83 (1.39) 0.344
Waist circumference (cm) 80.76 (6.17) 74.00 (3.65) 0.002a

Visceral body fat (%) 14.43 (0.88) 12.34 (1.05) 0.00a

HbA1c (%) 7.037 (0.18) 7.001 (0.14) 0.578
HDL-C (mg/dL) 36.13 (8.72) 37.91 (10.01) 0.408
Triglycerides, (mg/dL) 221.28 (76.57) 76.98 (60.46) 0.00a

Visceral Adiposity Index (VAI) 3.49 (0.85) 1.53 (1.01) 0.00a

a Statistically Significant.
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13.53 ± 1.41 %, the mean HDL-C was 36.91 ± 9.18 mg/dL, and mean 
Visceral Adiposity Index was 2.64 ± 1.34. WC, VBF, VAI and TG levels 
found higher in male participants, and these differences were statisti-
cally significant p < 0.05. Pearson Correlation was used, to find corre-
lation between Visceral Adiposity Index and Visceral Body fat, turned 
out to be 00.899** shows positive correlation, p-value was 0. 000 sig-
nificant. However, among VBF with HDL-C, and VAI with HDL-C no 
significant association was found.

Similarly, in one study majority of participants were males, 73 % 
men and 27 % women. Nearly half had visceral fat area exceeding cut-off 
value of 100 square cm. Additionally, 42 % of males had waist-to-hip 
ratio greater than 0.9, while 56 % of females had greater than 0.8. 
Very strong correlation was observed between visceral fat area and 
waist-to-hip ratio among both males (correlation coefficient = 0.936, p 
< 0.05) and females (correlation coefficient = 0.920, p < 0.05). The 
correlation between waist circumference and BMI with visceral fat area 
was modest, with values of correlation coefficient = 0.739 and corre-
lation coefficient = 0.758 for males, and correlation coefficient = 0.774 
and correlation coefficient = 0.605 for females, respectively [17].

The waist-to-height ratio demonstrated highest ROC value [AUC =
0.745, p <0.001] for finding diabetics with elevated visceral fat, out-
performing BMI, waist and hip circumference, and waist-to-hip ratio. 
Similarly, regression analysis revealed that waist-to-height ratio had 
strongest association with visceral fat levels [unadjusted OR = 21.49, p 
< 0.001], findings indicate that waist-to-height ratio is more effective 
than BMI, hip and waist circumference, and waist-to-hip ratio in iden-
tifying diabetic patients with high visceral fat levels [18].

5. Limitations

Our study has certain limitation, small sample size and single centred 
study, further more we have not comparison group. Further studies will 
be needed to cover this aspect. Because BIA determines fat-free mass by 
measuring resistance to electrical current as it travels through body’s 
lean and fat tissues, BIA, although widely used, lacks specificity and 
precision [19]. Prediction equations are used to estimate fat-free mass in 
order to make up for this. Although BIA can estimate total body fat, 
attempts to assess visceral and subcutaneous abdominal fat with BIA 
have demonstrated strong associations with more precise imaging 
methods such as CT scans [20]. Because total fat mass is determined by 
deducting fat-free mass from body weight, and because BIA’s mea-
surements are based on fat-free tissue, caution should be exercised when 
interpreting these results. The person’s level of hydration may have an 
impact on this approach; dehydration is a common concern in clinical 
settings, especially in cancer patients. Errors in fat estimations may 
result from BIA’s imprecise measurement of lean tissue. These re-
strictions most likely account for the differences in total body fat 
measured by DEXA and BIA [21,22]. Accuracy of BIA and anthropo-
metric approaches in measuring visceral fat deposition in a clinical 
setting is restricted, despite their potential utility in defining adipose 
tissue distribution in initial diagnosis of abdominal obesity and for 
general application in epidemiological investigations [23].

6. Conclusions

In this study, we discovered that among metabolically obese healthy 
adults, there was positive association between the Visceral Adiposity 
Index (VAI) and visceral body fat as determined by BIA. While BIA can 
be used efficiently in outpatient clinical settings to identify high-risk 
patients without invasive procedures or laboratory investigations, VAI 
requires multiple blood tests.

The following key points emerge from our findings: 

• There is positive correlation between VAI and visceral body fat as 
measured by BIA, however females found to have strong correlation 
as compared to males.

• BIA offers practical alternative to VAI for identifying individuals at 
risk for metabolic disorders.

• Utilizing BIA can streamline the assessment process, reducing the 
need for invasive blood tests and laboratory investigations.
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Becerra-Alvarado IN, Aceves-Aceves JA, Miranda-Díaz AG. The effect of visceral 
abdominal fat volume on oxidative stress and proinflammatory cytokines in 
subjects with normal weight, overweight and obesity. Diabetes, Metab Syndrome 
Obes 2020;13:1077–87. https://doi.org/10.2147/DMSO.S245494.

[12] Moore M, Moharram M, Poon A, Tse R, Aitken-Buck HM, Lamberts RS, Coffey S. A 
simple and reproducible measure of adipose depots with non-contrast post-mortem 
computed tomography. Imaging 2022;14(2):89–98. https://doi.org/10.1556/ 
1647.2022.00066.

[13] Almohammed HI, Elshami W, Hamd ZY, Abuzaid M. Optimizing CT 
abdomen–pelvis scan radiation dose: examining the role of body metrics (waist 
circumference, hip circumference, abdominal fat, and body mass index) in dose 
efficiency. Tomogr 2024;10(5):643–53. https://doi.org/10.3390/ 
tomography10050049.

[14] Dhas Y, Banerjee J, Mishra N. Blood viscosity, glycemic markers and blood 
pressure: a study in middle-aged normotensive and hypertensive type 2 diabetics. 
Indian J Clin Biochem 2020;35:102–8. https://doi.org/10.1007/s12291-018-0798- 
y.

[15] Lee YC, Lee YH, Chuang PN, Kuo CS, Lu CW, Yang KC. The utility of visceral fat 
level measured by bioelectrical impedance analysis in predicting metabolic 
syndrome. Obes Res Clin Pract 2020 Nov 1;14(6):519–23.

[16] Froelich Matthias F, Fugmann Marina, Lütke Daldrup Charlotte, Hetterich Holger, 
Coppenrath Eva, Saam Tobias, Ferrari Uta, Seissler Jochen, Popp Daniel, 

Lechner Andreas, Sommer Nora Narvina. Measurement of total and visceral fat 
mass in young adult women: a comparison of MRI with anthropometric 
measurements with and without bioelectrical impedance analysis. Br J Radiol 
2020;93(1110):20190874. https://doi.org/10.1259/bjr.20190874.

[17] Mourtzakis M, Prado CM, Lieffers JR, Reiman T, McCargar LJ, Baracos VE. A 
practical and precise approach to quantification of body composition in cancer 
patients using computed tomography images acquired during routine care. Appl 
physiol Nutr Metab = Physiol Appl Nutr Metab 2008;33(5):997–1006. https://doi. 
org/10.1139/H08-075.

[18] Gadekar T, Dudeja P, Basu I, Vashisht S, Mukherji S. Correlation of visceral body 
fat with waist–hip ratio, waist circumference and body mass index in healthy 
adults: a cross sectional study. Med J Armed Forces India 2020 Jan 1;76(1):41–6. 
https://doi.org/10.1016/j.mjafi.2017.12.001.

[19] Tuglo LS. Comparison of adiposity anthropometric indices and their associations 
with visceral fat levels determined by bioelectrical impedance analysis among 
diabetic patients. Sci Rep 2022;12:17824. https://doi.org/10.1038/s41598-022- 
22848-z.

[20] Shoji K, Maeda K, Nakamura T, Funahashi T, Matsuzawa Y, Shimomura I. 
Measurement of visceral fat by abdominal bioelectrical impedance analysis is 
beneficial in medical checkup. Obes Res Clin Pract 2008;2(4):I–II. https://doi.org/ 
10.1016/j.orcp.2008.09.001.

[21] Park KS, Lee DH, Lee J, Kim YJ, Jung KY, Kim KM, Kwak SH, Choi SH, Park KS, 
Jang HC, Lim S. Comparison between two methods of bioelectrical impedance 
analyses for accuracy in measuring abdominal visceral fat area. J Diabetes 
Complicat 2016 Mar 1;30(2):343–9. https://doi.org/10.1016/j. 
jdiacomp.2015.10.014.

[22] Xu Z, Liu Y, Yan C. Measurement of visceral fat and abdominal obesity by single- 
frequency bioelectrical impedance and CT: a cross-sectional studyBMJ. Open 2021; 
11:e048221. https://doi.org/10.1136/bmjopen-2020-048221.

[23] Pawlak, Angelika, Ręka, Gabriela, Olszewska, Anna, Warchulińska, Joanna and 
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