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ABSTRACT

Introduction and Aim: The frequent cause of mortality today is cardiovascular disease. Though dyslipidemia
predicts cardiovascular risk, the possibility of risk cannot be excluded in normal lipid profile. Therefore, the study
was conducted to associate visceral adiposity index (VAI) with cardiovascular risk factors among young adults.

Materials and Methods: It is a cross-sectional study in which 150 men and 150 women between the ages of 20
and 40 participated. A detailed clinical history, anthropometric measurements, fasting plasma glucose and fasting
lipid profile were estimated. VAl was calculated.

Results: Mean VAI was 2.13+0.5 in men and 2.65+0.8 in women. Based on visceral adiposity index, 53% men and
61% women have a high risk of cardiovascular disease. VAI correlated positively with waist circumference, BMI,
waist hip ratio, blood pressure, fasting plasma glucose, serum triglyceride, lipid ratios. VAI showed significant
negative correlation with HDL cholesterol.

Conclusion: We explored the increase in cardiovascular risk among young adults. Though mean values of lipid
profile and lipid ratios were within the desired range in our study, around 50% of the young adults had high risk for
cardiovascular disease. Hence, VAI index can be used along with the existing lipid profile to identify those at
increased cardiovascular risk.
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INTRODUCTION Visceral adiposity index (VAI) is a newly introduced

Car diovascular disease has now turned into the mathematical representation, which is specific to

main source of mortality worldwide (1,2) gender. It _includes biochemica_l as well s
Previously, cardiovascular disease was, 6'1 anthropometric parameters like triglyceride, BMI,

disease of developed countries, but now developing High density lipoprotein and WC. VAL is found to be

countries are most affected by cardiovascular disease arr;deizisrSa(r);ig\):Zgj:B(I::ro?isolj ?:&Fi)r?;l“s?gf ?r?ereer;ig
(3). This increase in cardiovascular disease is basically P y (9).

a direct result of expansion in the predominance of very few studies associating VAl with cardiovascular

cardiovascular risk factors that include dyslipidemia, risk factors in residents 9f India. Th_erefore,_our study
obesity, absence of active work, elevated blood was conducted to associate VAI with cardiovascular
pressure and smoking (4,5). Dyslipidemia is the risk factors among young adults.

significant factor for the occurrence of cardiovascular MATERIALS AND METHODS

incidents (6).

Dyslipidemia assessed by traditional lipid parameters
is not adequate to predict cardiovascular risk,
especially in individuals with moderate risk (6). Hence
there is a need to identify a predictor of cardiovascular
risk, even in patients with normal lipid profile.
Visceral adiposity is another significant factor for the
progress of cardiovascular disease. Visceral adiposity
can be measured by using computerized tomography,
densitometry and magnetic resonance imaging but
they are too complex, require more time and costly
(7). Body mass index (BMI) that defines obesity, does
not measure visceral adiposity. Though waist

Study population

The current study was done in the Clinical
Biochemistry Laboratory at Aarupadai Veedu Medical
College, Pondicherry. It was a cross sectional study
approved by the Institutional Ethical Committee. The
study involved one hundred and fifty men and one
hundred and fifty women between 20 and 40 years old
recruited from out-patient departments by random
sampling method. Those with a history of liver
disease, cardiovascular disease, renal disease, cancer,
autoimmune disease, thyroid disorder, acute illness,
and pregnant women were excluded.

circumference (WC) can identify visceral adiposity, it Data collection

does not differentiate subcutaneous fat from visceral The history about the study subjects including
fat (8). diabetes, smoking, tobacco use, alcoholism, family
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history and drug history was collected after getting
written informed consent from them. We measured
their height and weight and calculated BMI as weight
(kilogram)/height (metre square). We measured waist
circumference (WC) midway between the last rib and
iliac crests. We measured hip circumference at points
of greater trochanters. Their waist hip ratio (WHR)
was also calculated as waist circumference divided by
hip circumference. We measured their blood pressure
in their right arm by mercury sphygmomanometer
while sitting position.

Three millilitres of blood were collected from the
median cubital vein in fasting state. Their plasma
glucose levels and fasting lipid profile levels were
assayed in the Mindray BS-380 Biochemistry
autoanalyzer. The glucose oxidase method was used to
estimate glucose levels and the cholesterol oxidase
method was used to estimate total cholesterol levels.
These diagnostic reagent kits were supplied by Jeev
Diagnostics, Chennai, India. High density lipoprotein
was estimated by direct method and glycerokinase
method was used to measure serum triglyceride. These
diagnostic reagent kits were supplied by Shenzhen
Mindray bio-medical electronics, China.

VAI was calculated as given below (7)

VAI (Men)=[WC (cm)/39.68 + (1.88 x BMI (kg/m?))]
x [TG (mmoL/L)/1.03] x [1.31/HDL-C (mmol/L)]
VAl  (Women)=[WC (cm)/36.58+ (1.89xBMI
(kg/m?))] x[TG(mmoL/L)/0.81]x[1.52/HDL-C
(mmol/L)]

VAI was interpreted using age stratified cut off points
used in Caucasian population to predict cardiovascular
risk, as no cut off values are available in Indian
population. VAI > 2.52 in < 30 years old and VAI >
2.23 in 30-40 years old were taken as elevated VAI
levels to predict cardiovascular risk (9).

Risk factors for cardiovascular disease

= Diabetes Mellitus is characterized by fasting
plasma glucose levels of more than or equal to
126mg/dL according to American Diabetes
Association (10).

= Systemic Hypertension is characterized by blood
pressure more than or equal t0140/90 mm Hg
according to Joint National Committee seven
criteria (11).

= Dyslipidemia according to National Cholesterol
Education Programme (12).

= Hypercholesterolemia is defined as total
cholesterol levels more than or equal to 200
mg/dL.

= Hypertriglyceridemia is defined as triglyceride
levels more than or equal to 150 mg/dL.

= Low density lipoprotein levels more thanl30
mg/dL.

= High density lipoprotein levels less than 40 mg/dL
in males and less than 50 mg/dL in females.
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=  BMI more than or equal to 25 kg/m? is obesity and
more than or equal to 23 kg/m?is overweight (12).

= WC more than or equal to 80 cm in women, more
than or equal to 90 cm in men (12).

= Physical Activity was graded as per World Health
Organization devised Global Physical Activity
Questionnaire (13).

= An activity is graded as high or vigorous physical
activity if it needs a strenuous physical effort and
largely increases the pulse rate or respiratory rate.

= An activity is graded as moderate physical activity
if it needs a moderate physical effort and results in
small increase in the pulse rate or respiratory rate.

= An activity is graded as sedentary physical
activity if it does not meet the criteria of vigorous
or moderate activity.

= Family history— The subjects were considered to
have positive family history if they had a parent or
grandparent with a coronary heart disease before
the age of sixty.

Statistical analysis

Statistical analysis was done in SPSS V.28.0.
Qualitative data were represented in proportions and
continuous data were represented in mean = SD.
Independent t test and chi square test was done to
compare continuous and qualitative variables
respectively. Chi square test compared gender specific
distribution of cardiovascular risk factors. Pearson
correlation was performed to correlate VAI with
cardiovascular risk factors. P value less than 0.05 was
taken as statistically significant.

RESULTS
Characteristics of study participants

The study involved one hundred and fifty men and one
hundred and fifty women between 20 and 40 years
old. Men were significantly taller and had
significantly higher weight, WC and WHR Compared
to women. The difference in age, hip circumference,
body mass index and blood pressure between males
and females were not significant. (Table 1).

Men had significantly higher serum low density
lipoprotein, non-high-density lipoprotein, low density
lipoprotein/high density lipoprotein, total cholesterol/
high density lipoprotein, and triglyceride/ high density
lipoprotein than women. High density lipoprotein was
significantly low in men compared to women. The
difference in plasma glucose, triglyceride and total
cholesterol between men and women was not
significant.

The mean VAI was 2.13+0.5 in men and 2.65+0.8 in
women. Women had significantly higher VAI values
than men (Table 2). 53% of men and 61% of women
had elevated VAI (Fig. 1).
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Table 1: Gender wise comparison of anthropometric variables

Variables Males Females p value
(n=150) (n=150)
Age (years) 32.5+3.7 32.1+4.9 0.366
Height (cm) 167.3+6.5 156.3+5.9 <0.0001*
Weight (kg) 71.9+10.9 62.6+9.7 <0.0001*
Body mass index (kg/m2) 25.6£3.3 25.4+3.9 0.601
Waist circumference (cm) 95.3+6.4 87.3x10.4 <0.0001*
Hip circumference (cm) 98.2+5.2 99.5+8.6 0.142
Waist hip ratio 0.97+0.03 0.88+0.07 <0.0001*
Systolic blood pressure (mm Hg) | 120+14.4 117.3+15.2 | 0.149
Diastolic blood pressure | 77.5£9.7 77.5x9.4 0.870
(mmHg)

Data represented as mean £SD; *Statistically significant p value

Table 2: Comparison of fasting plasma glucose, lipid profile, lipid ratios and visceral adiposity index between
males and females.

Variables Males Females p value
(n=150) (n=150)
Fasting plasma glucose (mg/dL) 84.8+21.6 | 80.2+155 | 0.07
Total cholesterol (mg/dL) 180.8+34.6 | 177.5+37.1 | 0.457
Triglyceride (mg/dL) 142.7457.3 | 142.1+44.7 | 0.930
Low density lipoprotein (mg/dL) 112.2434.3 | 102.3+41.9 | 0.039*
High density lipoprotein(mg/dL) 40.2+7.3 48.8+8.8 <0.0001*
Total cholesterol/High density lipoprotein 4.68+1.1 4.0£1.2 <0.0001*
Low density lipoprotein/High density lipoprotein | 2.97+1.1 2.37+1.2 <0.0001*
Triglyceride/High density lipoprotein 3.52+0.8 3.14+0.9 0.001*
Non-High-density lipoprotein (mg/dL) 140.8+33.2 | 130.7+40.3 | 0.030*
Visceral adiposity index 2.13+ 0.5 2.65+0.8 <0.0001*

Data represented as mean £SD; *Statistically significant p value

70 -

53 -

Percentage %

Elevated VAI (High CVD risk)

Normal VAI

VAI — Visceral adiposity index, CVD- cardiovascular disease
Fig. 1: Cardiovascular risk based on VAL levels in young adults.

Among men, 83% had elevated waist circumference,
79% were overweight, 62% were obese, 57% had
sedentary physical activity, 56% had low HDL
cholesterol, 43% had high serum triglyceride, 31%
had high total cholesterol, 30% had high LDL
cholesterol, 21% were hypertensive and 5% were
hyperglycemic. Among women, 74% had elevated
waist circumference, 72% were overweight, 72% had
sedentary physical activity, 69% had low HDL
cholesterol, 58% were obese, 36% had high serum
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triglyceride, 23% had high LDL cholesterol, 22% had
high total cholesterol, 17% were hypertensive and 3%
were hyperglycemic (Fig. 2).

VAI correlated positively with WC, BMI, WHR,
blood pressure, fasting plasma glucose, triglyceride,
lipid ratios and non-high-density lipoprotein. VAI was
negatively correlated with high density lipoprotein
cholesterol (Table 3).
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High triglyceride

® Men
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High total cholesterol
High LDL cholesterol
High blood pressure

Hyperglycemia

Fig. 2: Gender wise distribution of cardiovascular risk factors in young adults

Table 3: Correlation of Visceral adiposity index (VAI) with cardiovascular risk factors in young adults

Variables VAI

r value p value
Body mass index 0.128 0.040*
Waist circumference 0.166 0.008*
Waist hip ratio 0.282 <0.0001*
Systolic blood pressure 0.141 0.024*
Diastolic blood pressure 0.155 0.013*
Fasting plasma glucose 0.195 0.002*
Total cholesterol 0.024 0.697
Triglyceride 0.611 <0.0001*
Low density lipoprotein 0.030 0.634
High density lipoprotein -0.457 <0.0001*
Total cholesterol/High density | 0.451 <0.0001*
lipoprotein
Low density lipoprotein/High | 0.145 0.021*
density lipoprotein
Triglyceride/High density | 0.789 <0.0001*
lipoprotein
Non-High-density lipoprotein 0.136 0.030*

*p value< 0.05, statistically significant

DISCUSSION

We estimated visceral adiposity index (VAI) in young
adults and mean VAI was 2.13+0.5 in men and
2.65+0.8 in women in our study. The values obtained
in our study are low compared to the study conducted
in Jordanian adults (8), in which the study subjects
were older, compared to our study. Women had
significantly higher VAl levels compared to men,
similar to the studies conducted in Peruvian adults (3)
and Jordanian adults (8). As per the cut offs used in
Caucasian population (10), 53% of men and 61% of
women had elevated VAI. This also suggests high risk
of cardiovascular disease in our study population.

Visceral adipose tissue estimated by bioimpedance
method strongly associates with VAI in a study
conducted in obese individuals. Hence VAI can be
employed as a measure of adipocyte dysfunction (7).
Visceral adiposity has more endocrine-like activity
and hence, it is more pathogenic compared to
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subcutaneous adiposity. Several studies have found
VAI as a more reliable measure of accumulation of
visceral fat, as estimated by imaging techniques (14).
VAl may provide insight into non classical
cardiovascular risk factors like increased adipokine
synthesis and pro-inflammatory activities as studies
have shown that inflammation is a link that connects
adipose tissue with cardiovascular risk (15).

Elevated waist circumference (WC) was the most
common risk factor in both male and female
participants. Elevated WC indirectly reflects the
increased accumulation of visceral fat in the study
subjects (16). Next to waist circumference, the second
most prevalent risk factor was overweight and obesity.
In our study, 79% men and 74% women were
overweight, 62% men and 58% women were obese.
This gives a very alarming picture of obesity in our
study population. This is similar to findings observed

Biomedicine- Vol. 43 No. 5: 2023



Rajendran et al: Association of visceral adiposity index with cardiovascular risk factors among young adults

in the Malaysian population where 79.9% were obese
and overweight (17).

Then, sedentary physical activity was prevalent with
72% in women and 57% in men. Women were less
physically active than men as obtained in the studies
of Akil et al., (18) in New Delhi and Mckenzie et al.,
(18) in the USA. Hence the increased prevalence of
elevated waist circumference and obesity can be
because of rapid urbanization and sedentary lifestyle
in the study population (17). Therefore, young adults
must be active to reduce blood pressure and blood
cholesterol levels (20, 21).

Next prevalent cardiovascular risk factor was
dyslipidemia. The most prevalent risk factor among
the lipid parameters was low levels of high-density
lipoprotein, in men as well as in women. The similar
finding was obtained by Mohammed et al., (22). Low
high-density lipoprotein was more predominant in
women than men in our study, as observed in the
study conducted in the Northern part of India too (23).

Hypertension was the next prevalent cardiovascular
risk factor in our study with a prevalence of 21% in
males and 17% in females, as seen in the Malaysian
population which was 20.1%. And the least prevalent
cardiovascular risk factor was hyperglycemia which
was 5% in males and 3% in females in our study,
which is very less compared to that seen in the
Malaysian population (17).

Then we correlated VAI with cardiovascular risk
factors among young adults. VAI correlated positively
with WC, BMI, WHR, blood pressure, fasting plasma
glucose, triglyceride, lipid ratios and non-HDL
cholesterol. VAl showed significant negative
correlation with high density lipoprotein. However,
the correlation of VAI with low density lipoprotein
was not significant.

A study conducted in Jordanian adults (8) also showed
positive correlation of VAI with SBP, DBP, fasting
plasma glucose, serum TG and negative correlation
with HDL-C. Correlation of VAI with cardiovascular
risk factors can be explained by the statement that
portal veins drain visceral adipose tissue into liver,
where it causes insulin resistance, resulting in
hyperglycemia (17).

Moreover, mobilization of free fatty acids is faster in
visceral adipose tissue than subcutaneous adipose
tissue, resulting in increased free fatty acid levels in
the circulation. This leads to dyslipidemia, elevated
blood pressure, impaired glucose tolerance and
ultimately leads to atherosclerosis. And visceral fat
produces vasoactive adipocytokines such as
angiotensin which raises blood pressure, resulting in
hypertension (17). As VAI correlates with all the
cardiovascular risk factors in our study population,
VAI can predict the cardiovascular risk among young
adults.
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Limitations

Our study could not explain causality because of its
cross-sectional design. Hence longitudinal studies
must be conducted further to strengthen association
between VAI levels and cardiovascular risk.

CONCLUSION

We explored the increase in cardiovascular risk among
young adults. Although mean values of lipid profile
and lipid ratios were within the desired range in our
study, around 50% of the young adults had high risk
for cardiovascular disease. Hence, VAI index can be
used along with the existing lipid profile to identify
those at increased cardiovascular risk. These
individuals must be advised to follow a healthy
lifestyle such as consuming a healthy diet and doing
regular aerobic exercises.

ACKNOWLEDGEMENT

We thank the Indian Council of Medical Research
(ICMR), New Delhi for approving this as a short-term
studentship (STS-2018) project.

CONFLICT OF INTEREST
The authors declare no conflicts of interest.

REFERENCES

1. Roth, G.A., Huffman, M.D., Moran, A.E., Feigin,
V., Mensah, G.A., Naghavi, M., et al., Global and regional
patterns in cardiovascular  mortality from 1990 to 2013.
Circulation. 2015; 132(17): 1667-1678.

2. lvelina, M., Maria, M., Mariela, H.S., Veronika, P., Rumen,

N, Markova, T., et al., Type and frequency of genetic variants

for cardiovascular riskin patients with type 2 diabetes

mellitus. Biomedicine. 2021 Sep 7;41(2):382-389.

Knowles, K.M., Paiva, L.L., Sanchez, S.E., Revilla,

L., Lopez, T., Yasuda, M.B., et al, Waist

circumference, body mass index, and other measures of

adiposity in predicting cardiovascular disease risk among

Peruvian adults. Int J Hypertens. 2011; 2011. 931402.

Sardarinia, M., Akbarpour, S., Lotfaliany, M., Bagherzadeh-

Khiabani, F., Bozorgmanesh, M., Sheikholeslami, F., et al.,

Risk factors for incidence of cardiovascular diseases and all-

cause mortality in a middle eastern population over a decade

follow-up: Tehran lipid and glucose study. PLoS One. 2016;

11(12):e0167623

Niroumand,

M., Abrishami,

Atherogenic

cardiovascular

Iran. 2015;29:240.

Olamoyegun, M.A., Oluyombo, R., Asaolu, S.O. Evaluation

of dyslipidemia, lipid ratios, and atherogenic index as

cardiovascular risk factors among semi-urban dwellers in

Nigeria. Ann Afr Med. 2016;15(4):194-199.

7. Jabtonowska-Lietz, B., Wrzosek, M., Wiodarczyk,

M., Nowicka, G. New indexes of body fat distribution,

visceral adiposity index, body adiposity index, waist-to-

height ratio, and metabolic disturbances in the obese. Kardiol

Pol. 2017;75(11):1185-1191.

Numan, A.M., Halim, H.F. Suitability of visceral

adiposity index as a marker for cardiometabolic risks in

Jordanian adults. Nutr Hosp. 2015;32(6):2701-2709.

9. Amato, M.C.,, Giordano, C., Pitrone, M., Galluzzo, A. Cut-
off points of the visceral adiposity index (VAI) identifying a
visceral adipose dysfunction associated with cardiometabolic

S., Khajedaluee, M., Khadem-Rezaiyan,
M., Juya, M., Khodaee, G. et al,
Index of Plasma (AIP): A marker of
disease. Med J Islam Repub

Biomedicine- Vol. 43 No. 5: 2023


https://www.ncbi.nlm.nih.gov/pubmed/?term=Roth%2520GA%255BAuthor%255D&cauthor=true&cauthor_uid=26503749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huffman%2520MD%255BAuthor%255D&cauthor=true&cauthor_uid=26503749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moran%2520AE%255BAuthor%255D&cauthor=true&cauthor_uid=26503749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Feigin%2520V%255BAuthor%255D&cauthor=true&cauthor_uid=26503749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Feigin%2520V%255BAuthor%255D&cauthor=true&cauthor_uid=26503749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mensah%2520GA%255BAuthor%255D&cauthor=true&cauthor_uid=26503749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Naghavi%2520M%255BAuthor%255D&cauthor=true&cauthor_uid=26503749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Knowles%2520KM%255BAuthor%255D&cauthor=true&cauthor_uid=21331161
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paiva%2520LL%255BAuthor%255D&cauthor=true&cauthor_uid=21331161
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sanchez%2520SE%255BAuthor%255D&cauthor=true&cauthor_uid=21331161
https://www.ncbi.nlm.nih.gov/pubmed/?term=Revilla%2520L%255BAuthor%255D&cauthor=true&cauthor_uid=21331161
https://www.ncbi.nlm.nih.gov/pubmed/?term=Revilla%2520L%255BAuthor%255D&cauthor=true&cauthor_uid=21331161
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lopez%2520T%255BAuthor%255D&cauthor=true&cauthor_uid=21331161
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yasuda%2520MB%255BAuthor%255D&cauthor=true&cauthor_uid=21331161
https://www.ncbi.nlm.nih.gov/pubmed/?term=Waist+Circumference,+BodyMass+Index,+and+OtherMeasures+of+Adiposity+in+Predicting+Cardiovascular+Disease+Risk+Factors+among+Peruvian+Adults
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sardarinia%2520M%255BAuthor%255D&cauthor=true&cauthor_uid=27930696
https://www.ncbi.nlm.nih.gov/pubmed/?term=Akbarpour%2520S%255BAuthor%255D&cauthor=true&cauthor_uid=27930696
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lotfaliany%2520M%255BAuthor%255D&cauthor=true&cauthor_uid=27930696
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bagherzadeh-Khiabani%2520F%255BAuthor%255D&cauthor=true&cauthor_uid=27930696
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bagherzadeh-Khiabani%2520F%255BAuthor%255D&cauthor=true&cauthor_uid=27930696
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bozorgmanesh%2520M%255BAuthor%255D&cauthor=true&cauthor_uid=27930696
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sheikholeslami%2520F%255BAuthor%255D&cauthor=true&cauthor_uid=27930696
https://www.ncbi.nlm.nih.gov/pubmed/27930696
https://www.ncbi.nlm.nih.gov/pubmed/?term=Niroumand%2520S%255BAuthor%255D&cauthor=true&cauthor_uid=26793631
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khajedaluee%2520M%255BAuthor%255D&cauthor=true&cauthor_uid=26793631
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khadem-Rezaiyan%2520M%255BAuthor%255D&cauthor=true&cauthor_uid=26793631
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khadem-Rezaiyan%2520M%255BAuthor%255D&cauthor=true&cauthor_uid=26793631
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abrishami%2520M%255BAuthor%255D&cauthor=true&cauthor_uid=26793631
https://www.ncbi.nlm.nih.gov/pubmed/?term=Juya%2520M%255BAuthor%255D&cauthor=true&cauthor_uid=26793631
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khodaee%2520G%255BAuthor%255D&cauthor=true&cauthor_uid=26793631
https://www.ncbi.nlm.nih.gov/pubmed/26793631
https://www.ncbi.nlm.nih.gov/pubmed/26793631
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jab%25C5%2582onowska-Lietz%2520B%255BAuthor%255D&cauthor=true&cauthor_uid=28715064
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wrzosek%2520M%255BAuthor%255D&cauthor=true&cauthor_uid=28715064
https://www.ncbi.nlm.nih.gov/pubmed/?term=W%25C5%2582odarczyk%2520M%255BAuthor%255D&cauthor=true&cauthor_uid=28715064
https://www.ncbi.nlm.nih.gov/pubmed/?term=W%25C5%2582odarczyk%2520M%255BAuthor%255D&cauthor=true&cauthor_uid=28715064
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nowicka%2520G%255BAuthor%255D&cauthor=true&cauthor_uid=28715064
https://www.ncbi.nlm.nih.gov/pubmed/?term=Numan%2520Ahmad%2520M%255BAuthor%255D&cauthor=true&cauthor_uid=26667723
https://www.ncbi.nlm.nih.gov/pubmed/?term=Halim%2520Haddad%2520F%255BAuthor%255D&cauthor=true&cauthor_uid=26667723
https://www.ncbi.nlm.nih.gov/pubmed/?term=Suitability+of+visceral+adiposity+index+as+a+marker+for+cardiometabolic+risks+in+Jordanian+adults
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amato%2520MC%255BAuthor%255D&cauthor=true&cauthor_uid=22011564
https://www.ncbi.nlm.nih.gov/pubmed/?term=Giordano%2520C%255BAuthor%255D&cauthor=true&cauthor_uid=22011564
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pitrone%2520M%255BAuthor%255D&cauthor=true&cauthor_uid=22011564
https://www.ncbi.nlm.nih.gov/pubmed/?term=Galluzzo%2520A%255BAuthor%255D&cauthor=true&cauthor_uid=22011564

Rajendran et al: Association of visceral adiposity index with cardiovascular risk factors among young adults

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

risk in a Caucasian Sicilian population. Lipids Health
Dis. 2011;10:183.

American Diabetes Association. 1. Improving care and
promoting health in populations: Standards of medical care in
diabetes - 2018. Diabetes Care. 2018;41(Suppl. 1): S7-S12.
Chobanian, A.V., Bakris, G.L., Black, H.R., Cushman, W.C.,
Green, L.A., et al., The seventh report of the Joint National
Committee on prevention, detection, evaluation and treatment
of high blood pressure. The JNC 7 Report JAMA. 2003;
289(19): 2560-2571.

Kurian, S., Manjula, V.D., Annamma, Zakariah J. A study on
cardiovascular risk factor profile of medical students in a
tertiary care hospital of central Kerala. NJMR. 2015;5(1):11-
17.

World Health Organization (2005b) WHO STEPS
Surveillance Manual: The WHO STEPwise approach to
chronic disease risk factor surveillance. World Health
Organization, Geneva.

Dobiasova, M. AIP: Atherogenic index of plasma as a
significant predictor of cardiovascular risk: From research to
practice. Vnitr. Lek. 2006;52(1):64-71.

Cai, G., Shi, G., Xue, S., Lu, W. The atherogenic index of
plasma is a strong and independent predictor for coronary
artery disease in  the Chinese Han population. Medicine
(Baltimore). 2017; 96(37):e8058.

Amato, MC., Giordano, C., Galia, M., Criscimanna, Angela.,
Vitabile, S., Midiri, M., et al., Visceral adiposity index: a
reliable indicator of visceral fat function associated with
cardiometabolic risk. Diabetes Care. 2010;33(4):920-922.
Bo, M., Cheah, W.L. Lwin, S., Moe, N.T., Win,
T.T., Aung, M. Understanding the relationship between
atherogenic index of plasma and cardiovascular disease risk
factors among staff of a university in Malaysia. J
NutrMetab. 2018:7027624.

Akhil, K.S., Ankit, M., Nidhi, S., Anand, K. Lifestyle
associated risk factors in adolescents. Indian Journal of
Pediatrics. 2006;73(10):901-906.

McKenzie, T.L., Marshall, S.J., Sallis, J.F., Conway, T.L.
Leisure time physical activity in school environments: An
observational study. Preventive medicine. 2000;30:70-77.

Hu, F.B., Li, T.Y., Colditz, G.A., Willett, W.C., Manson, J.E.
Television watching and other sedentary behaviours in
relation to risk of obesity and type 2 diabetes mellitus in
women. JAMA. 2003;289:1785-1791.

Healy, G.N., Dunstan, D.W., Salmon, J., Cerin, E., Shaw,
J.E., Zimmet, P.Z., et al., Breaks in sedentary time: beneficial
associations with metabolic risk. Diabetes Care. 2008;31:661-
666.

Mohammad, Y.G., Karem, H.A., Omar, F.K., Lubna, T.,
Rawan, H., et al., Assessment of cardiovascular risk factors
among university students: the gender factor. Cardiology
Research. 2012;3(4):172-179.

Rajeev, G., Anoop, M., Naval, K.V., Dimple, K., Shaon,
S.G., Aachu, A. Younger age of escalation of cardiovascular
risk factors in Asian Indian subjects. BMC Cardiovascular
Disorders. 2009;9:28.

DOI: https://doi.org/10.51248/.v43i5.2704

1598

Biomedicine- Vol. 43 No. 5: 2023


https://www.ncbi.nlm.nih.gov/pubmed/?term=Cut-off+points+of+the+visceral+adiposity+index+(VAI)+identifying+a+visceral+adipose+dysfunction+associated+with+cardiometabolic+risk+in+a+Caucasian+Sicilian+population
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cut-off+points+of+the+visceral+adiposity+index+(VAI)+identifying+a+visceral+adipose+dysfunction+associated+with+cardiometabolic+risk+in+a+Caucasian+Sicilian+population
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cai%2520G%255BAuthor%255D&cauthor=true&cauthor_uid=28906400
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shi%2520G%255BAuthor%255D&cauthor=true&cauthor_uid=28906400
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xue%2520S%255BAuthor%255D&cauthor=true&cauthor_uid=28906400
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%2520W%255BAuthor%255D&cauthor=true&cauthor_uid=28906400
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bo%2520MS%255BAuthor%255D&cauthor=true&cauthor_uid=30116641
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cheah%2520WL%255BAuthor%255D&cauthor=true&cauthor_uid=30116641
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lwin%2520S%255BAuthor%255D&cauthor=true&cauthor_uid=30116641
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moe%2520Nwe%2520T%255BAuthor%255D&cauthor=true&cauthor_uid=30116641
https://www.ncbi.nlm.nih.gov/pubmed/?term=Win%2520TT%255BAuthor%255D&cauthor=true&cauthor_uid=30116641
https://www.ncbi.nlm.nih.gov/pubmed/?term=Win%2520TT%255BAuthor%255D&cauthor=true&cauthor_uid=30116641
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aung%2520M%255BAuthor%255D&cauthor=true&cauthor_uid=30116641
https://www.ncbi.nlm.nih.gov/pubmed/?term=Understanding+the+Relationship+between+Atherogenic+Index+of+Plasma+and+Cardiovascular+Disease+Risk+Factors+among+Staff+of+an+University+in+Malaysia
https://www.ncbi.nlm.nih.gov/pubmed/?term=Understanding+the+Relationship+between+Atherogenic+Index+of+Plasma+and+Cardiovascular+Disease+Risk+Factors+among+Staff+of+an+University+in+Malaysia

