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Abstract

Background Obesity and hyperlipidemia are the two central metabolic disorders linked to non-communicable
diseases (NCDs) that increase the risk of cardiovascular disease (CVD). Apart from dyslipidemia, the Atherogenic

Index of Plasma (AIP), which is associated with dietary consumption, is another marker for predicting the risk of CVD.
Healthy fat quality indicators may impact AIP. The purpose of this study is to ascertain whether there is any connection
between Iranian obese people’s plasma and dietary indices and cardiometabolic risk factors.

Methods This cross-sectional study, consisted of 645 overweight and obese participants. The study included
assessments of body composition and anthropometric measurements. Dietary fatty acid consumption was evaluated
using a validated Food Frequency Questionnaire (FFQ) containing 168 items. Additionally, biochemical parameters,
including serum total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), fasting serum
glucose (FSG), and insulin levels, were measured using enzymatic methods. The lipid profile was quantified.

Results For participants in higher tertiles of the AIP, the percentage of men was significantly higher than women
(men: 48.1%, women: 51.7%, p < 0.001). Additionally, individuals in higher tertiles of AIP had a higher waist-to-hip
ratio (WHR) (mean WHR: 0.92 +0.05 vs. 0.86+0.04 in lower tertile, p < 0.001). Participants in the highest tertile of AIP
had higher systolic blood pressure (SBP: 132+8 mmHg vs. 1186 mmHg in lower tertile, p <0.001), total cholesterol
(TC:210+15 mg/dL vs. 185+ 12 mg/dL, p<0.001), triglycerides (TG: 180+ 20 mg/dL vs. 120+ 15 mg/dL, p<0.001),
and glucose concentrations (fasting glucose: 105+ 10 mg/dL vs. 90+ 8 mg/dL, p <0.001). Participants in the lower
tertile of AIP had higher HDL cholesterol levels (HDL: 60+ 5 mg/dL vs. 45 +4 mg/dL in higher tertile, p <0.001). In the
model for Thrombogenicity Index (TI), participants in the higher tertile had higher glucose concentrations (glucose:
110+12 mg/dL vs. 95+9 mg/dL in lower tertile, p=0.04).

Conclusion This research introduces a novel field of investigation and emphasizes the possible importance of Tl, Al
and AIP indices in regulating cardiometabolic risk factors.
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Background

The most significant worldwide health problem cur-
rently is non-communicable diseases (NCDs). Obesity
and hyperlipidemia are the two main metabolic condi-
tions linked to NCDs that increase the risk of cardiovas-
cular disease (CVD) [1]. As an inflammatory state with
increased adipose tissue and decreased adiponectin lev-
els, obesity is a chronic disease [2, 3]. Obesity inhibits
the body’s control of inflammatory processes and exac-
erbates the inflammatory condition [4-6]. Additionally,
especially in individuals with obesity, perivascular adi-
pose tissue compromises endothelial function and local
inflammation. Obesity lowers vascular elasticity, result-
ing in hypertension because it increases intravascular
inflammation, interstitial arterial thickness, and arterial
lumen diameter [7]. The arterial stiffness results are lower
diastolic blood pressure (DBP) and higher systolic blood
pressure (SBP). A higher risk of myocardial infarction and
other coronary heart diseases (CHD) results from these
effects and increased pulse pressure, which puts more
load on the left ventricle [8—10]. As a result of pandemic
obesity, the rate of CVD is predicted to reach 23.6 million
worldwide by 2030 [11]. According to the World Health
Organization’s most recent data from 2018, there was a
sharp rise in the global obesity rate. Over 2 billion per-
sons over the age of 18 were overweight. Over 650 mil-
lion persons worldwide are obese (WHO, 2018), with
the US leading the way with over 35% of men and 40%
of women who meet the criteria for obesity with a body
mass index (BMI) of 30 kg/m 2 or more [12, 13]. How-
ever, it was frequently seen that people who were obese
had anomalies in their metabolism of fat. The evidence
was substantial, showing an inverse association between
high-density lipoprotein cholesterol (HDL-C) and a
direct or indirect relationship with high total cholesterol
(TC), low-density lipoprotein cholesterol (LDL-C), and
triglycerides (TG) to high BMIL It has been suggested
that high levels of LDL-C and low levels of HDL-C, which
are associated with a higher risk of CVD in individuals
with obesity, are strongly correlated with BMI [14]. The
atherogenic index of plasma (AIP) is one of the best indi-
cators for estimating the risk of CVD. An effective indi-
cation of dyslipidemia and related conditions, including
cardiovascular illnesses, AIP is a unique index [15] that
has been used to quantify blood lipid levels [16—18].
The leading causes of obesity and weight gain are imbal-
ances in the amount of calories consumed and the types
and quantities of nutrients ingested. Research has shown
that the kinds and quality of food ingested, as well as the
individual macronutrients—fat, carbohydrates, and pro-
tein—impact changes in body weight [19]. For example,
throughout the past few decades, research has suggested
indicators of the quality of dietary fat, such as the throm-
bogenicity index (TI) and the atherogenicity index (AI)
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[20]. Therefore, it is crucial to consider the dietary and
plasma indices. However, the association between AIP,
TI, and AI and various demographic, anthropometric,
and biochemical variables has yet to be evaluated. Thus,
the present study aimed to identify the relationship
between dietary and plasma indices and investigate their
relationships with cardiometabolic risk factors.

Materials and methods

This cross-sectional study carried out in the Iranian cities
of Tabriz and Tehran, involved 645 overweight and obese
participants. These data are a combination of two previ-
ously approved projects in Tabriz University of Medical
Sciences with 339 participants [21, 22] and a currently
approved recruiting project (MS thesis of RM; identifier;
IR TBZMED.REC. 1402.071) (Fig. 1). The first project in
Tabriz focused on investigating the association between
the inflammatory potential of a diet, the +405 VEGF C/G
(rs2010963) polymorphism, and metabolic components
in patients with metabolic syndrome. This study assessed
150 patients with metabolic syndrome and 50 healthy
individuals using a semi-quantitative food frequency
questionnaire (FFQ) to calculate the dietary inflamma-
tory index (DII) and various biochemical markers [21].
The second project, also conducted in Tabriz, evaluated
the association of adherence to the Healthy Eating Index
(HEI)-2015 with sociodemographic factors, psycho-
logical characteristics, metabolic syndrome (MetS), and
other cardio-metabolic risk factors among 188 healthy
obese adults (96 males and 92 females). Structural equa-
tion modeling (SEM) was used to analyze interrelation-
ships among these factors, revealing that adherence to
HEI could mediate the effects of socio-demographic and
psychological factors on cardio-metabolic risk markers
[22].

Inclusion-exclusion criteria

Public announcements and posters were distributed to
recruit patients from the outpatient clinics. People with
a BMI of 25 kg/m2 or more and an age range of 20 to 50
years old met the study’s inclusion requirements. Exclu-
sions from the study included those with particular con-
ditions such as menopause, pregnancy, cancer, hepatic or
renal disease, diabetes mellitus, recent bariatric surgery,
breastfeeding, or a history of CVD.

Additionally, individuals with diabetes mellitus without
distinguishing between Type 1 and Type 2 diabetes were
excluded. Participants receiving chronic treatment with
oral lipid-lowering agents or using dietary fiber supple-
ments and omega-3, omega-6, and omega-9 supplements
were also excluded. Finally,

individuals who had followed weight-reduction diets or
used supplements within the three months before study
involvement were excluded.
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Fig. 1 Study Flowchart [21, 22]

Demographics and anthropometric evaluations

We used a questionnaire to collect participants’ sociode-
mographic data, including age, gender, smoking habits,
education level, marital status, employment, medical
history, and family size. Education level was categorized
using ordered categorical variables, ranging from illiter-
ate (0) to higher education [5]. Similarly, occupational
status was recorded using categories such as housewife,
worker, student, freelancer, etc., for females, and with-
out a job, rancher, farmer, worker, etc., for males. Family
size was assigned scores of 1, 2, or 3 based on the num-
ber of family members. Participants were also given a
score of 1 if they did not own a house and 2 if they did.
We used bioelectrical impedance analysis (BIA) with
the InBody 770 system (InBody Co., Ltd., Seoul, South
Korea) specific equipment to assess body composition.
Before measuring BIA, participants must follow sev-
eral specific prerequisites to obtain accurate and reliable
results from BIA: Avoid drinking large amounts of water

for at least 4 h before the test. Avoid dehydration, which
can affect the results. Do not eat a large meal within 4 h
before the test. Avoid strenuous exercise for at least 12 h
before the test as it can temporarily change body com-
position. Refrain from consuming alcohol for 48 h before
the test [23]. Additionally, to adhere to established crite-
ria, we conducted the test under standardized conditions,
including performing the test at the same time of day for
all participants. All subjects were required to fast before
the test, and women were tested outside their menstrual
periods. We also ensured that participants were normo-
hydrated before testing to minimize variability in body
composition measurements.

Height and weight were measured using a wall-
mounted stadiometer and a Seca scale (Seca GmbH &
Co. KG, Hamburg, Germany). The stadiometer had an
accuracy of 0.1 cm, while the Seca scale used for weight
measurement had an accuracy of +0.1 kg. These devices
were regularly calibrated to ensure precise and consistent
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measurements during the study. Hip circumference (HC)
was measured at the widest part of the buttocks, and
waist circumference (WC) was measured at the mid-
point between the lowest rib and the hip bone [24]. We
also calculated the waist-to-hip ratio (WHR) and BML.
A calibrated mercury sphygmomanometer was used to
measure blood pressure twice at 15-minute intervals,
and the average of the two readings was used for analy-
sis. The participants’ physical activity levels were assessed
using the short form of the International Physical Activ-
ity Questionnaire (IPAQ) [17].

Dietary assessments and their reliability and validity

A validated semi-quantitative Food Frequency Question-
naire (FFQ) consisting of 168 questions was employed
to gather dietary information from the Iranian popula-
tion [18]. Participants maintained diaries in which they
recorded the frequency and quantity of each food item
consumed daily, weekly, monthly, and yearly. Participants
were asked to keep these diaries for one week before
completing the FFQ to ensure accurate recall and capture
variations in their typical dietary patterns. The FFQs were
completed through face-to-face interviews conducted by
trained nutritionists, ensuring accuracy and consistency
in responses. The amount of food consumed was con-
verted into grams per day using standard portion sizes,
cooking factors, and edible portions as defined in the
Iranian household measures manual [19]. The Nutrition-
ist IV software (N Squared Computing, California, USA)
analyzed daily dietary intakes, including total energy, car-
bohydrates, fiber, proteins, fats, vitamins, and minerals.
Given its reasonable relative validity and reproducibility
correlations, this FFQ serves as a reliable tool for evaluat-
ing food group consumption and accurately ranking indi-
viduals based on their intake levels for each food group.
The food items in the FFQ were categorized according
to the nutrients they provided, including whole grains,
refined grains, potatoes, dairy products, vegetables,
fruits, legumes, meats, nuts and seeds, solid fat, liquid oil,
tea and coffee, salty snacks, simple sugars, honey and jam,
soft drinks, and desserts and snacks. Food items from the
FFQ were converted into dietary fatty acids using the fol-
lowing formula: the intake of dietary fatty acids in food
of each item = the intake of food of each item (g/d) x the
content of dietary fatty acids in the edible part of the food
(100 g)/100 g. The reference for fatty acids and energy
content is based on the USDA food database [25].

The atherogenic index (Al) formula

The atherogenic index shows a relationship between the
total amount of unsaturated and saturated fatty acids.
Is the sum of C12:0=Lauric acid, C14:0 = Myristic acid,
C16:0 =Palmitic acid, XMUFA=sum of monounsatu-
rated fatty acids, Y®-6 = sum of omega-6 polyunsaturated
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fatty acids, Y®-3 =sum of omega-3 polyunsaturated fatty
acids [20].
[(C12: 0+ (42C14: 0) + C16 : 0)]

(A0 = (ZM UFA+Y¥ 6+ 5" —3)

Thrombogenic index (TI) formula

n-3 PUFA has greater anti-atherogenic properties than
MUFA and n-6 PUFA. ¥Sn-6 =total omega-6 fatty acids,
YSn-3=total omega-3 fatty acids, YMUFA=sum of
monounsaturated fatty acids, and C14:0=myristic acid,
C16:0 = palmitic acid, and C18:0 =stearic acid [20].

[(C14:0+C16: 0+ C18:0)]
0.5 x SSMUFA) + (05 x 3 —6
+(3x>7=3)+ (X" -3/>"-6)

(TD) =

Atherogenic index of plasma (AIP) formula
To calculate the logarithm of the ratio of triglyceride to
HDL-C plasma concentration [15].

(T'G) ]

AIP = log [(HDM)

Biochemical evaluation

For the biochemical analysis, 10 milliliters of fasting
venous blood were taken from each participant. A com-
mercial kit (Pars Azmoon, Tehran, Iran) measured the
following parameters: TC, TG, HDL-C, and fasting blood
glucose (FBG). Samples of plasma and serum were sepa-
rated using centrifugation at 4,500 rpm for 10 min at 4
degrees Celsius. Aliquots were frozen at —70 degrees C
before the examination. The Friedewald equation was
also used to determine the amount of LDL-C [26]. The
blood’s insulin levels were measured using enzyme-
linked immunosorbent assay (ELISA) kits from Shanghai
Korean Biotech, Shanghai City, China (Bioassay Technol-
ogy Laboratory). Fasting insulin levels were assessed, and
participants had to fast for at least 8 h before blood sam-
ple collection to ensure accurate measurements.

Statistical analysis

The data was analyzed using IBM SPSS version 19.0 soft-
ware with a significance level of 0.05. The mean [standard
deviation (SD)] and frequency (%) were used to charac-
terize continuous variables and categorical variables,
respectively. There were 645 participants in the final sam-
ple, 48.1% of whom were men and 51.7% of whom were
women. To assess the relationship between AIP, TI, and
AI and cardiometabolic risk variables, analysis of vari-
ance (ANOVA) was employed with Tuke’y post hoc test.
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The effect of confounding variables (age, sex, BMI, total
energy consumption) on the relationship between AIP,
TI, Al, and cardiometabolic risk factors was controlled
for using analysis of covariance (ANCOVA). The sample
size was calculated with a=0.05 and p=0.2. Therefore,
the power was 80%. According to the power of 80%, cat-
egorizing the AIP, TI, and Al into tertiles was the best
choice to avoid false positives due to multiple compari-
sons and false negatives due to inadequate power [27, 28].

Results

The general demographic and anthropometric features of
study participants are represented in Table 1. As shown,
for participants in higher tertiles of the AIP, the percent-
age of men was higher than women (p<0.001). Also, in
a crude model, individuals in higher tertiles of AIP had
higher WHR, FFM, and BMR (p<0.001, 0.04, and 0.02,
respectively). However, FFM and BMR lost their signifi-
cance level after adjusting for confounders, and WHR
remained significant (p<0.001). Also, those with higher
dietary Al tertiles had higher weight and WC in a crude
model (p=0.02). These differences did not remain sig-
nificant after adjustment for confounders. There was
no significant difference in general characteristics and
anthropometric variables among different tertiles of the
TI group.

Table 2 compares biochemical variables across dif-
ferent AIP, T1, and Al tertiles in crude and energy, age,
gender, and BMI-adjusted models. In the crude model
of AIP, participants in the higher tertile had higher SBP,
DBP, TC, TG, and glucose concentrations (p<0.001,
0.02, and <0.001 For all three variables respectively),
and those in the lower tertile of AIP had higher HDL. In
the adjusted model, all remained significant (p<0.001
For all variables) except DPB. In the crude model of the
TI, participants in the higher tertile had higher glucose
concentrations (p=0.03) that remained at a significance
level after adjustment for confounders (p=0.04). In the
crude model of the Al individuals in the lowest tertile
had higher LDL that lost their significance level after
adjustment for confounders. Table 3 compares dietary
macronutrients and some micronutrients across different
AIP, T1, and Al tertiles. As anticipated, there was a rise
in nearly all of the food components in different tertiles.
The comparison of food groups’ intake across different
tertiles of AIP, TI, and Al is shown in Table 4. There were
no significant differences in terms of food groups across
tertils of AIP, Al and TL

Discussion

As far as we know, this study was the first to investigate
the connection between dietary and plasma indices and
cardiometabolic risk factors in Iranian obesity patients.
The research findings comprehensively investigate the
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relationship among anthropometric variables, metabolic
parameters, and lipid-related indicators. Our results
show interesting findings that provide insight into possi-
ble associations between these indices and cardiovascular
risk factors.

This study observed a positive relationship between
higher AIP tertiles and cardiovascular risk factors, align-
ing with several prior studies [29-31]. The demographic
and anthropometric features of the study participants
provide valuable insights into the distribution of AIP
among different groups. A significant gender gap was
found, with a significantly higher percentage of men in
the upper tertiles of AIP. This finding emphasizes the
potential role of gender in influencing atherogenic lipid
profiles, suggesting that men may be more predisposed
to adverse lipid profiles associated with cardiovascular
risk. Similarly, the observed gender disparity in our study,
with a higher percentage of men in the upper AIP tertiles,
is consistent with research by J. Kim et al., suggesting a
potential gender-specific influence on lipid profiles and
cardiovascular risk [32]. Mechanistically, sex hormones
play a crucial role in lipid homeostasis, and variations in
hormonal profiles between men and women may con-
tribute to the observed differences [33, 34].

Further investigation into the hormonal regulation of
lipoprotein metabolism could provide a more compre-
hensive understanding. Moreover, our analysis of anthro-
pometric measures indicated that individuals in higher
AIP tertiles exhibited a higher WHR in both crude and
adjusted models. The persistence of this association after
adjusting for confounders emphasizes the independent
contribution of AIP to central obesity, a vital risk factor
for cardiovascular diseases [35]. This result aligns with
prior studies. A cross-sectional study conducted by Wang
et al. indicated that WHR has good performance for iden-
tifying moderate and high risk of AIP in familial hyper-
cholesterolemia patients [36]. Also, Anandkumar M H et
al. concluded that all anthropometric measures of obe-
sity showed a significant correlation with AIP; however,
WC showed the strongest correlation, followed by WHR
and lastly [37]. Adipose tissue, particularly visceral fat,
is known to release pro-inflammatory cytokines, influ-
encing lipid metabolism. The inflammatory pathways
activated by visceral adiposity may contribute to insulin
resistance [38, 39], providing a potential mechanism for
the observed association between AIP and WHR.

The analysis of biochemical variables across differ-
ent tertiles of AIP, TI, and Al revealed strong associa-
tions that emphasize the potential role of these indices
as markers of cardiovascular health. In the case of AIP,
participants in higher tertiles exhibited elevated SBP,
DBP, TC, TG, and glucose concentrations. These asso-
ciations remained significant even after adjusting for
confounders, highlighting the strength of the observed
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= © . . . .
% .60 & &z body weight and insulin-responsive glucose levels to
W M O O — OV O [28) © . . o1e . .
2 ® G ST m ngs alleviate hyperglycemia. The ability of high-fat dairy
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Table 4 Food group intake of study participants across different tertiles of AIP, Tl, and Al

Al

*p  T1

Tl

#p  T1

AIP

T

Variables

**P

*p

T3

T2

*p

T3

T2

*p

T3

T2

220)

(n

=212)

(n
550.56 (458.00)

213)

(n

220)

(n

(n=213) (n=212)

0.08 0.09 47722

220)

(n

(n=212)

(n=213)

056 0.77

547.96 (397.44)

023 021 49924

559.63 (414.43)

547.69 (453.85)

504.55 (419.21)  599.53 (603.25)

507.59 (460.47)

Fruits (g/d)

(327.52)

0.16 0.13 31455

(292.61)

024 036 28734

0.89 099

330.78

33049 (255.91)

355.80 (347.15)

341.99 (309.17)

28149 (182.81) 31943 (265.19)

306.79 (257.49)

Vegetables (g/d)

(320.68)

(292.42)

039 047 6157

(176.63)

025 024 6263

70.61 (52.70) 032 037

64.84 (42.14)

63.74 (38.42)

70.16 (49.23)

63.02 (46.76) 68.24 (46.49)

61.56 (37.22)

MFP (g/d)

(39.16)

056 064 311.50

(45.90)

0.05 29202

090 085

30346 (195.85)

31644 (239.17)

311.94 (214.44)

32290 (220.37)

0.1

292.33(220.13) 315.98 (272.26)

268.07 (208.25)

Dairy (g/d)

(225.22)

0.74 078 607.06

(222.70)

094 083 561.22

036 026

538.52(234.49)

57836 (257.03)

587.99 (386.92)

601.03 (467.84)

546.07 (374.80) 536.16 (234.69)

53842 (364.54)

Grains (g/d)

(517.12)

046 047 6439

(317.99)
64.68
(63.34)

009 008 3090

77.25 (69.82) 0.15 031

61.54 (56.79)

67.07 (58.23)

7292 (72.68)

2263(119.12) 049 051

1441 (22.72)

16.51 (40.95)

Nuts(g/day)

(66.23)
0.74 3409

(2025) 25:33

030 011

17.08

16.52 (20.49)

061

16.11 (19.57)

19.85 (23.94)

59.79 (64.58) 51.14(51.39) 4852 (5042)

Beans(g/day)

(162.35) (21.28)

030 084 6835

(159.43)

042 0.10 6894

71.49 (45.01) 047 070

75.74 (47 40)

77.36 (51.98)

69.92 (37.87)

63.63 (36.53) 63.21 (42.07) 59.18 (36.17)

Fiber (g/day)

(41.73)

(43.51)
MFP, meat, fish, and poultry; All data are mean (£ SD). * P values derived from One-Way ANOVA. ** P values derived from ANCOVA after adjustment for confounder (energy intake)
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that needed to be fully considered in this study, leading to
more research.

Certain limitations should be considered when inter-
preting our findings. Firstly, our study was cross-sec-
tional, so we cannot establish a causal relationship
between dietary and plasma indices and cardiometa-
bolic risk factors. We need further research with a pro-
spective design to truly understand the direction of the
association between dietary and plasma indices and car-
diometabolic risk factors. Secondly, even though we used
a validated FFQ to assess dietary and fatty acid intakes,
the closed-ended format of the questionnaires may have
increased the chances of misclassification [54]. Never-
theless, any misclassifications would likely have a neu-
tral effect on the odds ratios. Lastly, despite our efforts
to control various confounding factors in our study, we
must partially rule out the potential influence of residual
confounders.

In summary, this research investigated the relationship
between dietary and plasma indices and cardiometabolic
risk factors in the population of Iran. Our study provides
comprehensive insights into the associations between
atherogenic indices and various demographic, anthro-
pometric, and biochemical variables. The observed gen-
der differences, the independent association of AIP with
central obesity, and the links between AIP, TI, and bio-
chemical markers underscore the complexity of cardio-
vascular risk factors. More investigation is necessary to
confirm the potential efficacy of these indices as indica-
tors of cardiovascular outcomes and clarify the underly-
ing mechanisms.

Conclusion

Our findings suggest that dietary and plasma indices,
particularly atherogenic indices like AIP and TI, could
be effective indicators of cardiometabolic health in the
Iranian population. By identifying associations with cen-
tral obesity, lipid profiles, and other metabolic risk fac-
tors, this study highlights the potential of these indices
for early detection and risk stratification in clinical set-
tings. Implementing routine assessment of these indices
may aid healthcare professionals in developing targeted
prevention and intervention strategies for cardiovascular
diseases, especially in populations with similar dietary
patterns and lifestyle factors. However, further research
is essential to confirm these associations and establish
these indices as reliable predictive tools for cardiovascu-
lar outcomes.
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