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Abstract: The atherogenic index of plasma (AIP) is a vital parameter for dyslipidemia and its associated diseases and
assessing cardiac risk. Several anthropometric parameters have been used to reflect obesity-associated risk, but body
mass index (BMI) and waist/ hip (W/H) ratio are the most common. Our study aimed to evaluate the correlation between
AIP and BMI, waist/ hip W/H ratio and its advantage in predicting dyslipidemia among obese males. The study includes
869 healthy Iragi males, 415 obese and 454 non-obese males. The mean + standard deviation (SD) body mass index was
33.00 % 2.76 kg/m? for the obese males and 22.49 + 1.21kg/m? for the non-obese males. AIP, BMI, W/H and lipid levels
were estimated. The study demonstrated that AIP level was significantly correlated with both BMI, Pearson Correlation
0.295** and W/H ratio, Pearson Correlation 0.297**. The study revealed that AIP was significantly and positively associated

with BMI and W/H ratio among the study population.
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|
Introduction

Obesity is considered a significant public health and
economic trouble, leading to disturbing serum lipoprotein
concentration; these changes are considered substantial
risk factors for atherosclerotic cardiovascular events'. In
each reign in the world, the prevalence of obesity increa-
ses constantly; thus, the correlated economic and medi-
cal costs, mortality and morbidity are also predicted to be
elevated. Most of these complexities are associated with
co-morbid cases involving type 2 diabetes mellitus, dyslipi-
demia, heart disease and hypertension?. Obese individuals
are usually observed to have disorders in lipid metabolism.
About 60-70% of obese subjects are dyslipidemic®. Abnor-
malities of the lipid levels in obese individuals involve in-
creased serum LDL-c, TG and VLDL-c levels*. The AIP is
described as a logarithmic ratio of plasma levels of trigly-
ceride (TG) to high-density lipoprotein cholesterol (HDL-c)
[log10 (TG/HDL-c)] and is potentially related to cardiovas-
cular events and metabolic syndrome®. Increased plasma
lipid levels make obese individuals more susceptible to
atherosclerotic vascular disease and thrombosis.AIP can
act as an adjunct to the individual lipid profile and is consi-
dered the best indicator to determine the fractionated este-
rification rate of HDL-c. In addition, it is more valuable than
routine lipid parameters. It can also be used as a diagnostic
value when the other atherogenic risk parameters appear
normal®. The AIP measurement estimates the indicator of
the zone of atherogenic risk ( AIP=-0.3-0.1 associated with
low CV risk, 0.1-0.24 with medium and above 0.24 with high
CV risk)’. A recent study has indicated that AIP reflects the
correlation between atherogenic and protective lipoprotein
and stands out as a potent predictor of coronary heart di-

sease and atherosclerosis, which might comprehensively
reflect the balance between the atherogenic and anti-athe-
rogenic parameters®.

|
Materials and methods

A case-control study involving 869 healthy Iragi males,
415 obese and 454 non-obese males, was performed at
the Department of Biochemistry at the College of Medicine
/ University of Kufa; this study was established between the
beginning of October 2020 and the end of November 2021.
The sample size was estimated using Epi Info (version 3).
Subjects chosen for the study were categorized as non-obe-
se and obese as stated by the WHO (World Health Organi-
zation), obese with BMI = 30 and non-obese persons with
BMI between 18.5 to 24.9. BMI was calculated using the
formula BMI = weight in kg/height in m2. The atherogenic in-
dex of plasma (AIP) was calculated as log10 (TG/HDL-C)®.
The criteria for inclusion of the study subjects (obese and
non-obese) were healthy males with no evidence of any
chronic illness, including hepatic, renal or thyroid. At the
same time, the exclusion criteria involved individuals with
a history of heart failure, stroke or diabetes, smoking, and
lipid-lowering agents like fibrates or statins. Women were
not included to eliminate the variation in the results that may
arise from the differences in this parameter and to remove
the effect of any confounding factors related to lipid profile.

Blood samples were collected from all participants af-
ter at least 12 hours of fasting. Lipids analysis was iden-
tified on fasting non-obese and obese males. Serum total
cholesterol (TC), TG and HDL-c were carried by enzymatic
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colorimetric methods (Biolabo/France), while low-density li-
poprotein (LDL-c) levels were measured by Friedewald for-
mula'.

Data analysis was summarised by mean + SD and in-
vestigated using IBM Statistical Package for Social Science
Program SPSS version 24. The correlation between various
variables was estimated using the Pearson correlation coe-
fficient. A p-value less than 0.05 was considered significant.

|
Results

For comparison between obese and non-obese ma-
les, significant differences were noticed for TG, TC, LDL-c,
HDL-c, BMI and AIP with P-value < 0.001. The mean + SD
serum levels of TG, TC, and LDL-c were significantly in-
creased among obese compared with the non-obese ma-
les, except for HDL-C levels were markedly decreased in
obese compared with non-obese males. Regarding the W/H
ratio, the obese group was significantly associated with a
high W/H ratio and similarly exhibited an extremely positive

association with increased BMI and AIP (P-value < 0.0001)
compared with the non-obese group (Table 1).

For the analysis of the coloration between BMI and W/H
Ratio with AIP parameter among 869 participant males,
the examination of data revealed that AIP was significant-
ly correlated with BMI and W/H ratio, Pearson Correlation
(0.295** 0.297**) respectively and P value (< 0.001) (Figure
1, Table 2).

|
Discussion

Our study estimated the association between AIP and
obesity in adult males. All obese males had increased li-
pid levels compared with non-obese males Table 1. These
findings are in agreement with several former studies'-3.
The association between hyperlipidemia and obesity is we-
ll-determined, and this association contributes to the risk of
cardiovascular disease™. It was demonstrated that within
obese males, Hypertriglyceridemia is considered a signifi-
cant cause of dyslipidemia since it will result from impai-

Parameters Obese n =415 Nonobese n =454 P-value
Age (years) 4036 £5.77 40.86 £ 6.33 NS
TC 452+ 0.51 4.11+£0.76 < 0.00001
TG 1.85£0.53 1.39£0.6 < 0.00001
HDL-c 0.85%0.16 091+£0.16 < 0.0001
LDL-¢ 2.74+0.45 24+ 034 < 0.00001
BMI (kg/m?) 33.00+2.76 2249 +1.2 < 0.00001
W/H 1.05£0.03 0.86£0.04 < 0.00001
AIP 030=x0.20 0.16£0.22 < 0.00001

SD = standard deviation, *P < 0.05, NS = not significant, TG = triglyceride, TC = total cholesterol, LDL-c = low-density lipoprotein

cholesterol, HDIL.-c = high-density lipoprotein cholesterol, BMI= body mass index ATP=atherogenic index of plasma .Normal TG=
less than 1.71lmmol/L., Borderline-High: 1.71 -2.27mmol/l. High: 2.28-5.7mmol/l., Normal TC = less than 5.18mmol/L,
Borderline=5.18-6.19mmol/L High=6.2 lmmol/L Normal HDL-C=1mmol/L or higher, Low=less than Immol/L Normal LDl =less

than 2.59mmol/L., Borderline=3.36-4.1 lmmol/L. High=4.14mmol/L.
Table 1. Anthropometric and biochemical parameters of the study population.
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Figure 1. Correlation between BMI and W/H Ratio AIP parameter among the study population(a) AIP was significantly
correlated with BMI; (b) AIP was associated considerably with W/H ratio.
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Title 1 BMI W/H ratio
AIP Pearson Correlation 0.295" 0297
Significant <0.001 < 0.001
Number 869 869

“Correlation is significant at the 0.01 level, W/H: waist/hip ratio, BMI: body mass index. AIP: Atherogenic index of plasma
Table 2. Pearson Correlation between BMI and W/H Ratio with AIP parameter in the study population.

red clearance of the TG-rich lipoprotein in chylomicron and
VLDL-c. Hence, the VLDL-c and LDL delipidation processes
are also inadequate, leading to increased levels of remnant
lipoproteins and LDL-c'®. Obesity is described mainly by fat
accumulation in the subcutaneous parts of the body™. It has
been demonstrated that accumulation of excessive body fat
may increase the progression of various cardiac risk fac-
tors, including dyslipidemia, insulin resistance and hyper-
tension, which are suggested as the primary causes leading
to obesity-induced coronary artery diseases'. Body mass
index BMI and W/H ratio as health risk parameter has se-
veral limitations because BMI does not accurately describe
various components of body constituents, and waist-to-hip
ratio W/H is an excessively used anthropometric parameter
of central obesity. Therefore, AIP is considered a novel in-
dex that has been used to quantify lipid levels, and it was
revealed that individuals with higher levels of AIP tended to
be at an increased risk of dyslipidemia®®. In our study, the
data showed that AIP was strongly positively correlated with
BMI and W/H ratio, Pearson Correlation (0.295** 0.297*)
respectively and P value (< 0.001) Table 2. It was reported
that integrating two parameters (TG, HDL-c) to generate
AIP is a better biomarker for obesity'®. AIP was considered
an indicator of plasma atherosclerosis and correlated with
important parameters like LDL-c and LDL-c?.

Interestingly, Yildiz G et al.?' revealed that AIP was sig-
nificantly associated with intima-media thicknesses. A lar-
ge-scale case-control study in China also reported that AIP
was associated considerably with cardiovascular disease?.
It was demonstrated that the W/H ratio correlates strongly
with cardiovascular disease risk parameters (TG, HDL-c,
hypertension and diabetes) when compared with BMIZ%.
Further, Nevill AM et al.?* supported these findings and
suggested the superiority of the W/H ratio to BMI. These
findings exhibited that the W/H ratio and AIP are parame-
ters related to the metabolism of lipids, and an elevation in
the W/H ratio indicates an alteration in fat deposition in the
abdomen. In contrast, an increase in AIP is referred to as
dyslipidemia.

|
Conclusions

This study was a noteworthy strength of a large-scale
case-control study. Our study reached the exciting finding
that the atherogenic index of plasma was significantly and
positively correlated with BMI and W/H ratio among obese
and non-obese males, and it is easily estimated.
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