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Abstract

Background: Obesity is strongly associated with atherogenic dyslip-
idemia phenotype and is an independent risk factor of cardiovascular 
disease (CVD). Besides body mass index (BMI), there are various 
obesity indices, namely waist circumference (WC) to detect central 
obesity, and percentage of body fat (%BF) using bioimpedance analy-
sis (BIA) to detect peripheral-central obesity. The aim of this study is 
to determine which obesity index is better in predicting dyslipidemia.

Methods: This cross-sectional study involved 99 professionally 
active doctors working at tertiary hospital, from January to March 
2021. Obesity was measured by obesity indices such as BMI, WC, 
and %BF using BIA. After that, the serum lipid profile was then 
measured. Dyslipidemia is a disorder of lipoprotein metabolism, in-
cluding lipoprotein overproduction or deficiency that may be mani-
fested by high total cholesterol, low-density lipoprotein (LDL) cho-
lesterol, triglycerides, and low high-density lipoprotein cholesterol 
(HDL) cholesterol.

Results: Of the total 99 subjects, 49.5% were male, while 50.5% 
were female. The prevalence of obesity based on BMI, WC, and %BF 
using BIA was 57.6%, 74.8%, and 72.7%, respectively. Obesity based 
on BMI has 9.8 times the risk of having low HDL cholesterol lev-
els (odds ratio (OR) = 9.814, 95% confidence interval (CI): 1.213 - 
79.379) and 4.6 times of having high triglycerides levels (OR = 4.618, 
95% CI: 1.240 - 17.204). Meanwhile, central obesity based on WC 
has 3.1 times the risk of having high LDL cholesterol levels (OR = 
3.100, 95% CI: 1.170 - 8.218). On the contrary, the results of the anal-
ysis on obesity based on %BF on lipid profile were not significant.

Conclusions: Obesity based on BMI and WC measurements are bet-
ter than %BF in predicting dyslipidemia.

Keywords: Dyslipidemia; Obesity indices; Young adult

Introduction

Obesity is excessive fat accumulation due to an imbalance in 
energy intake with energy expenditure over an extensive pe-
riod of time. Several methods have been employed to meas-
ure obesity other than by body mass index (BMI), namely 
by waist circumference (WC), which is used to determine 
central obesity, and by the estimation of body fat percent-
age using bioimpedance analysis (BIA). All of these methods 
produce different results in predicting morbidity and mortal-
ity [1-3].

Central obesity is more susceptible to various obesity-
related diseases than peripheral obesity and is strongly asso-
ciated with atherogenic dyslipidemia which is the combina-
tion of raised triglycerides (TG) and low concentration of 
high-density lipoprotein cholesterol (HDL-C) together with 
elevated apolipoprotein B (ApoB), small dense low-density 
lipoprotein (sdLDL) and small HDL particles (sHDL), all of 
which are independently atherogenic. Increased visceral adi-
pose tissue is closely related to higher triglyceride levels and 
lower HDL cholesterol levels. This occurs due to structural 
and functional changes in adipocytes, which make them in-
sulin resistant, which in turn contribute to the production of 
sdLDL and a decrease in HDL-C levels, substantially influenc-
ing the development of atherosclerosis [4, 5].

A reliable and more sensitive method of measuring obe-
sity is therefore extremely needed, especially to detect lipid 
metabolism disorders. This study aims to determine which 
obesity index is better at predicting dyslipidemia in non-dia-
betic young adult population.

Materials and Methods

Subjects

This cross-sectional study involved 99 professionally active 
doctors working at a tertiary hospital, from February to March 
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2021. The inclusion criteria were: 1) patients being in the age 
range of 25 - 40 years; 2) patients not suffering from diabetes 
mellitus; 3) patients not taking lipid-lowering drugs. Written 
informed consent was obtained following a detailed explana-
tion of the procedures that they may undergo.

Objective criteria

Nutritional status as measured by BMI of 25 kg/m2 is catego-
rized as obese, whereas central obesity is defined by WC of > 
90 cm for men and > 80 cm for women. The high percentage of 
body fat (%BF) based on BIA was > 25% for men and > 35% 
for women. After that, the serum lipid profile was measured. 
Total cholesterol (TC) of 200 mg/dL is considered high, LDL 
cholesterol (LDL-C) of 130 mg/dL is considered high, HDL-C 
of < 40 mg/dL is considered low in men, and < 50 mg/dL in 
women, and TG of 150 mg/dL is considered high.

Statistical analysis

Data were analyzed using SPSS version 26. The Kolmogorov-
Smirnov test was used to analyze for normality. Bivariate anal-
ysis aims to determine the relationship of the dependent vari-
ables, namely the lipid profile with the independent variables 
using the Chi-square test, with odds ratio (OR) values adjusted 
for gender. The results of the statistical test were considered 
significant if the P value was < 0.05.

Ethical approval

The research procedure has been considered and approved by 
the Biomedical Research Commission on February 16, 2021, 
with the number 92/UN4.6.4.5.31/PP36/2021. This study was 
conducted in compliance with the ethical standards of the re-
sponsible institution on human subjects as well as with the 
Helsinki Declaration.

Results

Of the 99 research subjects, 49 of them or 49.5% of the 

subjects were male, while 50 or 50.5% of the subjects were 
female, with the mean age being 31 years (25 - 39 years). 
The mean BMI was 26.56 ± 4.77 kg/m2. The mean %BF 
was 34.71±7.4%, and the mean WC was 92.26 ± 11.94 cm. 
Furthermore, the mean TC level was 203.69 ± 38.53 mg/dL, 
the mean LDL-C level was 136.25 ± 35.26 mg/dL, the mean 
HDL-C level was 53.05 ± 11.89 mg/dL, and the mean TG 
level was 100.42 ± 57.46 mg/dL. Characteristics of the re-
search subjects can be seen in Table 1. Meanwhile, Table 2 
shows the proportion of weight groups based on BMI as fol-
low: 39% for obesity 1, and 18.18% for obesity 2, with the 
proportion of the overall obesity group based on BMI being 
57.57%. The proportion of the obesity group based on %BF 
was 72.7%, while the proportion of the central obesity group 
based on WC was 74.8%.

As seen in Table 3, obese subjects based on BMI were 
associated with HDL-C and TG levels, with significant values 
of P = 0.032 and P = 0.023, respectively. The OR value for 
the incidence of low HDL-C level was OR (95% confidence 
interval (CI) = 9.814 (1.213 - 79.379), whereas the OR value 
for the incidence of high TG level was OR (95% CI) = 4.618 
(1.240 - 17.204). Meanwhile, no significant relationship with 
lipid fraction levels (P > 0.05) based on %BF was found in 
the obesity group. Central obesity subjects based on WC were 
associated with LDL-C levels, with a significant value of P = 

Table 1.  Characteristics of Study Subjects

Variable Min Max Median Total (n = 99), 
mean ± SD

Age (years) 25 39 31 31.07 ± 3.01
BMI (kg/m2) 18.7 49.23 25.56 26.56 ± 4.77
WC (cm) 63 130 92 92.26 ± 11.94
% body fat (%) 19.03 55.45 34.48 34.71 ± 7.40
Total-C (mg/dL) 105 289 201 203.69 ± 38.53
LDL-C (mg/dL) 47 212 136 136.25 ± 35.26
HDL-C (mg/dL) 27 94 51 53.05 ± 11.89
TG (mg/dL) 29 326 80 100.42 ± 57.46

Min: minimal; Max: maximal; BMI: body mass index; WC: waist circum-
ference; Total-C: total-cholesterol; LDL-C: low-density lipoprotein cho-
lesterol; HDL-C: high-density lipoprotein cholesterol; TG: triglycerides; 
SD: standard deviation.

Table 2.  The Proportion of Obesity Status Groups Based on Various Obesity Indices Along With Lipid Fraction Levels

Obesity status Obesity indices N (%) Total-Ca LDL-Ca HDL-Ca TGb

Obese BMI 57 (57.57) 204.70 ± 39.17 138.28 ± 34.14 48.75 ± 10.53 95 (44 - 324)

Non-obese 42 (42.42) 202.31 ± 38.07 133.50 ± 36.95 58.07 ± 12.40 63.5 (29 - 218)

Obese %BF 72 (72.7) 204.47 ± 40.30 137.99 ± 36.29 50.51 ± 10.47 83.5 (29 - 263)

Non-obese 27 (27.3) 201.59 ± 33.97 131.63 ± 32.54 58.55 ± 14.62 65 (39 - 326)

Central obesity WC 74 (74.8) 205.62 ± 38.04 139.67 ± 34.07 50.32 ± 9.65 84.5 (39 - 326)

Non-central obesity 25 (25.2) 197.96 ± 40.17 126.12 ± 37.43 59.76 ± 16.01 62 (29 - 218)

aMean ± SD. bMedian (minimal - maximal). BMI: body mass index; WC: waist circumference; %BF: percentage of body fat; Total-C: total-cholesterol; 
LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; TG: triglycerides; SD: standard deviation.
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0.023. The OR for the incidence of high LDL-C level was OR 
(95% CI) = 3.100 (1.170 - 8.218).

Discussion

This study found a significant relationship with HDL-C and 
triglyceride levels (P = 0.032; P = 0.023) in the obesity group 

based on BMI, with the risk of low HDL-C level of 9.8 times 
and the risk of high TG level of 4.6 times, compared to the 
non-obese group. This is in line with the results of a prior study 
by Kaur et al on an obese population based on an apparently 
healthy BMI, with the most common abnormal lipid param-
eters being a decrease in HDL-C levels and an increase in TG 
levels [6]. In addition, Qi et al reported in their study that hy-
pertriglyceridemia and low HDL-C levels are the most com-

Table 3.  Relationship of Lipid Profile With Obese Group Based on Various Obesity Indices

Obesity status
  Obese Non-obese Obese Non-obese Central obese Non-central obese
Obesity indices
  BMI %BF WC
Total, n (%)
  57 (100) 42 (100) 72 (100) 27 (100) 74 (100) 25 (100)
Total-C, n (%)
  High
    31 (54.39) 21 (50) 40 (55.56) 12 (44.44) 42 (56.76) 10 (40)
  Normal
    26 (45.61) 21 (50) 32 (44.44) 15 (55.56) 32 (43.42) 15 (60)
OR (95% CI)a

  1.222 (0.544 - 2.744) P = 0.627 1.789 (0.713 - 4.491) P = 0.215 2.109 (0.823 - 5.405) P = 0.120
LDL-C, n (%)
  High
    32 (56.14) 22 (52.38) 40 (55.56) 14 (51.85) 49 (66.22) 9 (36)
  Normal
    25 (43.86) 20 (47.64) 32 (44.44) 13 (48.15) 25 (33.78) 16 (64)
OR (95% CI)a

  1.202 (0.531 - 2.719) P = 0.659 1.351 (0539 - 3.387) P = 0.522 3.100b (1.170 - 8.218) P = 0.023
HDL-C, n (%)
  Low
    11 (19.30) 1 (2.38) 12 (16.67) 0 (0) 10 (13.52) 2 (8)
  Normal
    46 (80.70) 41 (97.62) 60 (83.33) 27 (100) 64 (86.49) 23 (92)
OR (95% CI)a

  9.814b (1.213 - 79.379) P = 0.032 N/A 1.798 (0.365 - 8.848) P = 0.471
TG, n (%)
  High
    15 (26.32) 3 (7.14) 15 (20.83) 3 (11.11) 15 (20.27) 3 (12)
  Normal
    42 (75.68) 39 (92.86) 57 (79.17) 24 (88.89) 59 (79.73) 22 (88)
OR (95% CI)a

  4.618b (1.240 - 17.204) P = 0.023 2.031 (0.532 - 7.755) P = 0.300 1.830 (0.481 - 6.961) P = 0.375

Chi-square test; aadjusted for gender, bP < 0.05. BMI: body mass index; WC: waist circumference; %BF: percentage of body fat; Total-C: total-
cholesterol; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; TG: triglycerides; OR: odds ratio; CI: confidence 
interval.
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mon disorders in the obese population based on BMI in China 
[7]. Another study by Sudargo et al proved that obesity based 
on BMI is significantly associated with TG levels [8]. Mean-
while, Yang et al discovered in their study on a non-obese 
population in China that BMI has an independent relationship 
with HDL-C [9].

Decreased HDL-C levels and elevated triglyceride lev-
els are abnormalities of lipid metabolism commonly found 
in obese people. The escalation in serum TG results from in-
creased production of hepatic very low-density lipoprotein 
(VLDL) particle, and decreased clearance of triglyceride-rich 
lipoproteins. Such increase in production occurs due to im-
paired insulin signaling which improves lipolysis and conver-
sion of TG into free fatty acids (FFA) in adipocytes, which will 
then be transported to the liver and muscles through the blood 
[10]. Furthermore, HDL-C metabolism is also strongly related 
to obesity due to an increase in the number of chylomicron 
remnants and VLDL along with impaired lipolysis. Lipolysis 
of triglyceride-rich HDL appears due to hepatic lipase which 
results in the production of sHDL with decreased Apo A-I af-
finity, leading to low HDL-C levels and reduced circulating 
HDL particles, thereby impairing cholesterol back-transport 
[11].

This study found that the obesity group based on body fat 
percentage did not have a significant relationship with lipid 
fraction levels (P > 0.05). This is in contrast to a previous study 
conducted by Kobayashi et al, which stated that obesity based 
on the measurement of %BF using BIA is more strongly corre-
lated with serum lipids except HDL-C in the Japanese popula-
tion [12]. Likewise, Bohn et al revealed in their study that there 
is a significant trend of increasing prevalence with low HDL-C 
levels in subjects with high body fat as measured by BIA [13]. 
The results of this study are in line with a prior study carried 
out in Indonesia by Nurbaya et al, which showed that there is 
no relationship between total body fat as measured by BIA and 
serum lipid profiles in each category of high and normal body 
fat [14]. This is suspected to be due to unclear clarification of 
the clinical significance of its use. Obesity measurement using 
BIA appears to be less accurate, as the BIA algorithm devel-
oped in normal weight subjects is then transferred to obese 
subjects without further equation validation [13]. In addition, 
the results of body fat measurement using BIA can be biased; 
there may be differences in the reference population, skin tem-
perature, skin blood flow, or nutritional status.

In this study, the central obesity group based on WC was 
proven to have a significant relationship with LDL-C (P = 
0.023), with the risk of the incidence of high LDL-C levels 
of 3.1 times, compared to the non-central obesity group. This 
is not in line with the result of a prior study by Chehrei et al, 
which stated that WC has a positive correlation with TG and 
a significant negative correlation with HDL-C [15]. Similarly, 
Brenner et al reported in their study that WC is strongly asso-
ciated with TG and TC/HDL-C ratio, after adjusting for BMI 
and other covariates [16]. A study conducted by Hou et al also 
found a strong relation between WC and increased TG as well 
as decreased HDL-C [17]. Meanwhile, Ishizaka et al proved 
in a cohort study that changes in WC are positively associated 
with changes in LDL-C and TG, but not with HDL-C [18].

The results of this study find no relationship between cen-

tral obesity based on WC and the most vital lipid metabolism 
disorders in obesity, namely HDL-C and TG. However, central 
obesity based on WC has a significant correlation with LDL-
C, which is still a risk factor for atherosclerosis. The increase 
in LDL-C levels in the central obesity group is suspected to be 
associated with the production of sdLDL. The size of LDL par-
ticles is largely determined by their cholesterol content, mean-
ing that sdLDL is a particle with low cholesterol level [19]. 
Nevertheless, an increase in LDL-C levels does not indicate an 
increase in sdLDL levels and need further investigation.

Conclusions

There is a relationship between obesity as measured by a cer-
tain measurement index, and a certain lipid fraction; obesity 
based on BMI is related to HDL-C and TG, while central obe-
sity based on WC is related with LDL-C. This study proves 
BMI and WC measurements are better at predicting dyslipi-
demia than %BF. The combination of these measurements is a 
practical, convenient, inexpensive, and widely used, which is 
expected to be performed as an initial and routine screening to 
identify risk factors for obesity-related lipid fraction disorders.

Limitations

This study has several limitations. As a cross-sectional study, 
the analysis did not address a causal relationship. In addition, 
the research subjects involved were relatively limited, and 
therefore interpretation of the results may require consider-
able attention. This study also did not take into account other 
factors that can affect glucose and lipid metabolism such as 
diet and/or physical activity. Further studies are highly recom-
mended to include the measurement of another characteristic 
component of atherogenic dyslipidemia, namely Apo B, to cal-
culate small-density LDL.
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