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Abstract

Objective: We aimed to evaluate whether traditional and non-traditional adiposity indicators
are associated with cardiometabolic risk factors among adult patients with type 2 diabetes mel-
litus (DM).

Methods: In this cross-sectional study among 240 inpatients with type 2 DM, we determined
traditional anthropometric indicators including body mass index, waist circumference, hip cir-
cumference (HC), waist-to-hip ratio (WHR), waist-to-height ratio, and non-traditional anthro-
pometric indicators including lipid accumulation product (LAP), visceral adiposity index (VAI),
deep abdominal adipose tissue (DAAT), and Després indices. Lipid profile, fasting blood glucose,
glycated hemoglobin (HbAIc), systolic blood pressure (SBP), and diastolic blood pressure (DBP)
were measured to evaluate cardiometabolic parameters.

Results: In overweight patients, DAAT was positively correlated with total triglycerides. LAP was
negatively correlated with serum HDL-C levels. WHR and DAAT were associated with total
triglycerides, HbA | ¢, total cholesterol, total cholesterol/HDL-C, and total triglycerides/HDL-C,

2Department of Clinical Biochemistry, School of Medicine,
Ahvaz Jundishapur University of Medical Sciences, Ahvaz,
Khuzestan, Iran

Corresponding author:

Mahshid Naghashpour, Abadan University of Medical
Sciences, Ayatollah Taleghani Boulevard, Abadan

' Abadan University of Medical Sciences, Abadan, 6318887544, Khuzestan, Iran.

Khuzestan, Iran Email: m.naghashpour@abadanums.ac.ir

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

G Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits
non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed
as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://orcid.org/0000-0003-3616-6881
mailto:m.naghashpour@abadanums.ac.ir
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/03000605211049960
journals.sagepub.com/home/imr

Journal of International Medical Research

after adjustment for age and duration of disease. VAI, DAAT, LAP, and Després index were

significant determinants of lipid profile and SBP.

Conclusion: Traditional and non-traditional anthropometric indices are associated with
cardiometabolic risk factors in patients with type 2 DM.

Keywords

Anthropometric index, cardiometabolic risk, lipid accumulation product index, visceral adiposity

index, diabetes mellitus, risk factor

Date received: 12 May 2021; accepted: 9 September 2021

Introduction

Diabetes mellitus (DM) has become a
major global public health problem during
the past decade, especially in developing
countries. Despite strategies and efforts to
reduce the burden of disease in Iran, the
prevalence of DM has gradually increased
since 1999. Iran had an estimated 3.78 mil-
lion cases of DM in 2009 and this number is
expected to increase to 9.24 million by
2030." Type 2 DM is associated with
micro- and macro-vascular problems that
lead to cardiovascular disease (CVD) and
increase mortality in this population.’
Cardiometabolic risk factors refer to
markers that increase the possibility of
developing vascular events or diabetes.
Age, sex, family history, hypertension, dys-
lipidemia, dysglycemia, and smoking have
been recognized as traditional risk factors
for CVD. Abdominal obesity (measured as
waist circumference [WC]) is considered a
newer cardiovascular risk factor.* WC con-
sists of both subcutaneous adipose tissue
(SAT) (classically non-ectopic) and visceral
adipose tissue (VAT) (classically ectopic).
Ectopic fat is defined as excess adipose
tissue in locations not typically related to
adipose tissue storage.*

It has been shown that excess
visceral adiposity is an independent

indicator of poor cardiovascular out-
comes.” Assessment of VAT as a cardiome-
tabolic risk factor is important because
VAT is associated with more adverse
levels of metabolic risk factors as compared
with SAT.>® Additionally, seminal work in
mice has shown that transplantation of
SAT, but not VAT, to an intra-abdominal
site resulted in beneficial effects on metabo-
lism.® Taken together, these findings suggest
that information about the distribution of
body fat beyond WC may provide important
insights into metabolic and CVD risk.

The management of patients with type 2
DM should not only focus on lowering
blood glucose levels but should also aim
to prevent cardiovascular complications.”
Traditional anthropometric parameters
such as WC, waist-to-hip ratio (WHR),
and waist-to-height ratio (WHtR) are indi-
cators of general or central obesity. Several
studies have shown an increase in cardiome-
tabolic risk factors following the increase of
traditional anthropometric parameters.® !
Because WC, WHR, and WHtR appear
to be slightly superior predictors than
body mass index (BMI) among non-
institutionalized adults, these indicators
complement the use of BMI in identifying
cardiovascular risk factors.'' Early diagno-
sis and treatment of individuals with
abdominal fat, particularly visceral or



Golabi et al.

ectopic adiposity, are the main contributors
to reducing cardiometabolic risk;® there-
fore, novel and easy-to-use indicators of
visceral adiposity, including lipid accumula-
tion product (LAP), visceral adiposity index
(VAI), deep abdominal adipose tissue
(DAAT), and the Després index, have
been suggested as non-traditional adiposity
indicators.'*"?

Several reports have shown the predic-
tive value of LAP for cardiovascular
events among the European'* and Asian
general populations.'>'® VAI is a new indi-
cator that takes into account the anatomi-
cal location of adipose tissue and the height
of the examined person. VAI was intro-
duced based on clinical data and magnetic
resonance imaging performed in a healthy
population.'” VAI is determined separately
for women and men; in addition to anthro-
pometric data, it includes biochemical mea-
surement values such as total serum
triglyceride (TG) levels and high-density
lipoprotein (HDL-C). VAI has been
shown to be a strong and independent risk
factor for diabetes among the Asian general
population'® and plays a crucial role in
assessing cardiometabolic risk factors.'” It
has been shown that individuals with a
higher risk for coronary heart disease have
a higher VAL?® However, VAI and LAP
may not be better than other typical param-
eters used in the prediction of type 2 DM.?!

DAAT provides more precise measure-
ments of local fat distribution, a major indi-
cator of cardiovascular events, using
computed tomography (CT) scans.” 2° It
has been demonstrated that patients with
type 2 DM have higher VAI, DAAT, and
LAP in relation to healthy individuals.*
The Després index is an equation including
WC and age that was first developed for the
prediction of DAAT accumulation from
anthropometric measurements in a sample
of men. The Després index may provide
further evidence in the risk assessment of
CVD among men.”’

Because of unhealthy sedentary lifestyles
and ethnic variations, greater visceral fat
accumulation and obesity are present in
Asian  than  Western  populations.”®
However, the potential association of tradi-
tional and non-traditional anthropometric
indicators with the risk of cardiometabolic
events has not been previously investigated
among Iranian patients with type 2 DM.
These associations need further evaluation
owing to metabolic and hemodynamic
changes that may affect this relationship.
Studies have shown the ability of tradition-
al and non-traditional anthropometric
measurements, in relationship to overall
and regional adiposity, for evaluation of
cardiometabolic risk factors among the gen-
eral population®” and patients with stable
coronary artery disease.'®> Thus, the overall
aim of this study was to investigate the rela-
tionship of traditional adiposity anthropo-
metric indices including body weight, WC,
WHR, WHtR, BMI, and hip circumference
(HC), and non-traditional adiposity
anthropometric indices including LAP,
VAI, DAAT, and the Després index, with
cardiometabolic risk factors among inpa-
tients with type 2 DM.

Methods

Study design and participants

This was a cross-sectional study conducted
between March 2020 to August 2020.
The reporting of this study conforms
to the Strengthening the Reporting of
Observational Studies in Epidemiology
(STROBE) guidelines.*

All included participants were clinically
stable, with no new symptoms for more
than 2 months and no need to be urgently
examined by a physician owing to CVD or
new vascular problems. Patients were
enrolled from the Ayatollah Taleghani
Educational and Medical Center of
Abadan University of Medical Sciences in
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Khuzestan, Iran. All patient details were
de-identified. All patients had a similar
medication regime and were being treated
with insulin and aspirin. Insulins, including
regular insulin, neutral protamine hagedorn
(NPH), detemir, and glargine, were pre-
scribed by a specialist in internal medicine.
None of the patients consumed alcohol. A
diabetic diet is routinely prescribed for all
patients, with daily calorie requirements
based on their weight, height, and age, by
a hospital-based nutritionist; therefore all
patients followed a similar diet throughout
their hospital stay.

We excluded patients with factors that
can modify the effect of anthropometric
indices in the assessment of cardiometabolic
risk factors, as follows:'® patients age less
than 20 years; those who underwent surgery
in the previous 90 days; those with cancer,
active infection, inflammatory diseases, or
another chronic diseases; patients with
sickle cell anemia, thalassemia, or chronic
renal failure, which directly affects serum
glycated hemoglobin (HbAlc) levels; those
who were currently using sodium-glucose
cotransporter 2 inhibitors (which decrease
HbAlc, body weight, and blood pressure
and increase HDL-C), antihypertensive or
statin drugs (which directly influence blood
pressure and serum lipid levels), glucagon-
like peptide-1 (which influences lipid pro-
files and blood pressure in long-term
administration), or pioglitazone (which
decreases serum TG and increases HDL-C
concentrations); patients with grade 3 obe-
sity (BMI >40) to increase the accuracy of
anthropometric measurements; and
patients undergoing dialysis.

Measurement of anthropometric indices
and adiposity indicators

The body weight of participants was calcu-
lated (in kilograms) using an electronic
scale for anthropometric measurement.
Height was also measured with an

accompanying stadiometer and expressed
in centimeters. To record their exact
weight, patients were asked to take off
their shoes, empty the contents of their
pockets, remove jewelry and accessories,
and to only wear light clothing.

WC measurements were obtained using a
flexible, non-elastic calibrated measuring
tape. WC was measured at the level of the
umbilicus from the point between the last
rib arch and the iliac crest, with the patient
in the supine position. WC was recorded to
the nearest tenth of a centimeter. We mea-
sured HC using the largest diameter of the
large trochanter. BMI was classified
according to World Health Organization
(WHO) guidelines.’" The following mathe-
matical formulas were used to calculate
the sex-specific values of traditional and
non-traditional adiposity indices for all
participants. VAI in men (WC/39.68 +
[1.88 x BMI]) x (total TG/1.03) x (1.31/
HDL-C) and in women (WC/36.58+
([1.89 x BMI] x (total TG/0.81) x (1.52/
HDL-C); LAP in men: total TG x (WC-
65) and LAP in women: total TG x
(WC-58); DAAT in men: —3829+
(1.09 x weight) + (6.04 x WC) 4 (—2.29 x
BMI) and DAAT in women: —278+
(—0.86 x weight) + (5.19 x WC). The Després
index was calculated as —225.39 + 2.125 x
age+2.843 x WC.

In these formulas, total TG and HDL-C
levels, WC, weight, and age were expressed
as mmol/L, cm, kg, and years, respective-
ly."* Because the equation for the Després
index was developed using a sample of
men,?’ we restricted the analysis using this
index to male patients in our dataset.

Biochemical measurements

Blood was collected from participants after
at least an 8-hour overnight fast. Whole
blood was centrifuged immediately after
collection, and plasma and serum samples
were frozen and stored at —80°C for future
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analysis. Samples for fasting blood glucose
(FBG), 2-hour postprandial blood sugar
(BS2hpp), and HbAlc were tested immedi-
ately. Fresh surplus EDTA-whole blood
samples were used for evaluation of
HbAlc, which was measured using a
NaycoCard Reader II (Axis-Shield; Oslo,
Norway) and boronate affinity chromatog-
raphy. Serum glucose and lipid profile
including total cholesterol (mmol/L), total
TG (mmol/L), low-density lipoprotein cho-
lesterol (LDL-C), and HDL-C were mea-
sured using Paadco kits (Tehran, Iran)
and a biochemical autoanalyzer (BT 3000;
Biotechnica Instruments, Rome, Italy). TG/
HDL-C, LDL-C/HDL-C, and total
cholesterol/ HDL-C were calculated using
mathematical formulas.

Blood pressure measurement

Blood pressure was measured in duplicate
according to American Heart Association
guidelines.”® Blood pressure measurement
was performed between § and 10 A.M. on
the right arm with patients in the seated
position. An automatic blood pressure
monitor (Omron Health Care Co., Ltd.,
Kyoto, Japan) was used for measurement,
and the mean of the two values was used in
the analysis.

Sample size calculation and statistical
analysis

The sample size was calculated using the
Medcalc® program  for  Windows.
Cardiometabolic parameters (lipid profile,
FBG, HbAIlc, systolic blood pressure
[SBP], and diastolic blood pressure [DBP])
were the dependent variables. The indepen-
dent variables (covariates) were traditional
and non-traditional anthropometric param-
eters (BMI, WC, HC, WHR, WHtR, body
weight, VAI, DAAT, LAP, and Després
index). Normality of the variables was con-
firmed using the Kolmogorov—Smirnov test

and the skewness of each continuous
variable.

The mean + standard deviation (normal
distribution) are used to describe the quan-
titative variables. Qualitative variables are
presented as number (%). According to
nutritional status classified according to
BMI, we used analysis of variance and
Pearson’s chi-squared tests for between-
group comparisons. To evaluate correla-
tions, we used Pearson’s correlation
coefficient. To control for confounders, we
applied partial correlation to assess the
independent correlations, adjusted for age
and duration of disease.

Effect sizes were estimated to measure
the strength of the relationship between
anthropometric indices and cardiometabolic
risk factors in multiple linear regression,
using the Cohen formula /> = ;. An /2
of 0.02 was considered a small effect
(weak), 0.15 a medium effect, and 0.35 a
large effect (strong). The f> values were
translated into proportions of variance by
dividing > by (1 + f?); small, medium, and
large effects accounted for 2%, 13%, and
26% of the variance in the criterion variable,
respectively. All statistical analyses were per-
formed using IBM SPSS version 26 for
Windows (IBM Corp., Armonk, NY,
USA). A P value <0.05 was considered sta-
tistically significant in all analyses.

Research ethics and patient consent

The present study was approved by the
ethics committee of Abadan University of
Medical Sciences (reference number: IR.
ABADANUMS.REC.1399.003) and was
performed in accordance with the principles
outlined in the Declaration of Helsinki. All
participants signed a written informed con-
sent form prior to the start of the study.
Written informed consent for the publica-
tion of patient information and images was
also provided by all patients or their legally
authorized representative.
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Results

In total, 240 inpatients (110 men and 130
women) aged 32-90 years who were diag-
nosed with uncontrolled type 2 DM by
internal medicine specialists were randomly
selected, according to the inclusion criteria
(Figure 1).

Patient characteristics according to
sex and BMI

To explore the associations of anthropo-
metric measurements with cardiometabolic
risk factors, we used cross-sectional analysis
of the data. The participant selection pro-
cess is depicted in Figure 1. The following
participants were excluded from the
analysis: those with missing data of serum
biochemistry (n=25), patients with hyper-
tension (n=56), following a different med-
ication regimen from the inclusion criteria
(n=135), those age less than 20 years (n=3),
patients with chronic diseases other than
DM (n=36), grade 3 obesity (n=15), and
those who were undergoing dialysis
(n=12). No participants had missing data
for the independent and dependent varia-
bles. Demographic characteristics of the
included study participants are shown in

Table 1. Participants’ mean age increased
significantly ~ with  increasing ~ BMI
(P <0.001).

Table 2 shows the clinical and laboratory
characteristics of the included patients.
A higher mean duration of disease (years)
was found in men (P=0.003) and women
(P=0.001) with higher BMI. There was a
significant difference in BMI classification
according to cardiometabolic risk factor
variables (P <0.001), except for total
cholesterol/HDL-C. A higher mean FBG
was found in men and women with higher
BMI (P <0.001 for both sexes). In addition,
a higher mean BS2hpp and HbAlc was
found in women, but not men, with higher
BMI (P<0.001). However, TG/HDL-C
was inversely associated with elevated
BMI in both men (P=0.005) and women
(P=0.027). There were significant differen-
ces according to BMI for anthropometric
indices (all P<0.05) in both men and
women, except for WHR.

Traditional anthropometric indicators and
cardiometabolic risk factors
The correlation between traditional and

non-traditional —anthropometric indices
and cardiometabolic risk factors is shown

Admitted inpatients who potentially eligible (n=503)

2 diabetes mellitus (n=51)

A diagnosis in addition to uncontrolled type

Inpatients examined and confirmed for eligibility (n=452)

Randomization (n=152)

| ——

Y

Inpatients included in the study (n=300)

(n=152)

Inpatients who failed to meet the inclusion criteria

\d

Inpatients who completed analysis (n=240)

Figure |. Flow diagram for the selection of participants in this study.
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Table |I. Demographic characteristics according to BMI (n = 240).
BMI 18.5-24.9kg/m> BMI 25.0-29.9 kg/m> BMI >30kg/m?
Characteristics (n=122) (n=202) (n=16) P-value
Age (years) 403+5.6 51.5+94 55.8+8.7 <0.001
Sex
Male 9 (8.2%) 93 (84.5%) 8 (7.3%) 0.84
Female 13 (10%) 109 (83.8%) 8 (6.2%)
Education level
llliterate 0 (0%) I (100%) 0 (0%) 0.12
Less than high school diploma 3 (3.4%) 76 (85.4%) 10 (11.2%)
High school diploma 14 (12.5%) 94 (83.9%) 4 (3.6%)
University 5 (13.2%) 31 (81.6%) 2 (5.3%)
Income level
Under 3 million tomans 13 (9.3%) 116 (82.9%) Il (7.9%) 0.67
3-5 million tomans 9 (9%) 86 (86%) 5 (5%)
Occupation
Unemployed or homemaker 9 (10.3%) 71 (81.6%) 7 (8%) 0.92
Government employee 5 (8.8%) 48 (84.2%) 4 (7%)
Self-employed 8 (8.3%) 83 (86.5%) 5 (5.2%)
Cigarette smoking
No 19 (9.6%) 164 (83.2%) 14 (7.1%) 0.7
Yes 3 (7%) 38 (88.4%) 2 (4.7%)

Values are presented as mean & standard deviation or n (%).

BMI, body mass index.

in Supplemental Figures 1, 2, and 3. In
patients with normal BMI, HC (r=0.656,
P=0.001; Supplemental Figure la) and
WC (r=0.614, P=0.002; Supplemental
Figure 1b) were positively correlated with
HbAlc. Moreover, WC was positively cor-
related with LDL-C (r=0.479, P=0.024
Supplemental Figure 1c). In overweight
patients, WC  showed a  positive
correlation  with  HbAlc (r=0.313,
P <0.001; Supplemental Figure 2a), LDL-
C (r=0.206, P<0.001; Supplemental
Figure 2b), and total serum cholesterol
levels (r=0.18, P=0.011; Supplemental
Figure 2c¢).

Non-traditional anthropometric indicators
and cardiometabolic risk factors

In patients with normal BMI, DAAT was
positively correlated with TG/HDL-C

(r=0.522, P=0.013; Supplemental Figure
ld) and LDL-C/HDL-C (r=0.601,
P=0.003; Supplemental Figure le). In
overweight patients, DAAT (r=0.183,
P=0.009; Supplemental Figure 2f) was
positively correlated with total TG whereas
LAP (r=-0.154, P=0.029; Supplemental
Figure 2e) was negatively correlated with
serum HDL-C levels. In addition, LAP
(r=0.27, P<0.001; Supplemental Figure
2d) and Després index (r=0.261, P=0.01;
Supplemental Figure 2i) were positively
correlated with total serum cholesterol
levels. DAAT was positively correlated
with TG/HDL-C (r=0.292, P <0.001;
Supplemental Figure 2g) and LDL-C/
HDL-C (r=0.308, P<0.001;
Supplemental Figure 2h). In obese patients,
LAP presented a positive correlation with
total  cholesterol (r=0.7, P=0.003;
Supplemental Figure 3a) and VAI showed
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Table 2. Clinical and laboratory characteristics according to BMI (n = 240).

BMI 18.5-24.9 kg/m> BMI 25.0-29.9 kg/m? BMI >30 kg/m?

Characteristics (n=22) (n=202) (n=16) P value
Duration of disease (years)

Men 73+34 172+87 199+9.2 0.003

Women 9.9+47 17.9+£9.2 255+ 10 0.001
Total TG (mmol/L)

Men 2.1 +£0.08 2.0 £0.1 2.0+0.1 0.33

Women 2.1+0.14 2+0.12 2.1 +£0.06 0.031
Total cholesterol (mmol/L)

Men 42+0.1 42+0.2 42+03 0.63

Women 43+0.3 4.1+0.23 43+0.14 0.031
HDL-C (mmol/L)

Men 1.5+0.1 1.6+£0.2 1.4+£0.13 0.06

Women 1.5+0.08 1.6+£0.18 1.4+£0.13 0.035
LDL-C (mmol/L)

Men 42+04 4.1+0.2 42+03 0.63

Women 44022 44022 42+0.18 0.017
Total cholesterol/HDL-C

Men 3.1£02 28+0.3 28+0.3 0.07

Women 28+03 26+04 27+04 0.06
TG/HDL-C

Men 3.5+0.27 3+04 3.1£03 0.005

Women 32+03 29404 29404 0.027
LDL-C/HDL-C

Men 3+£04 27+03 27+0.2 0.01

Women 27+£0.29 25+035 26+0.3 0.31
FBG, mg/dL

Men 146 £9.6 157.3 £8.1 160.5 + 8.6 <0.001

Women 151.4+10.6 154.03 £9.02 166.3+7.1 0.001
BS2hpp, mg/dL

Men 194.1 £8 188.5£10.1 191.8£13.1 0.22

Women 193.8+ 12.7 181.9+10.6 1949 £ 12 <0.001
HbAlc (%)

Men 7+£03 7.1 £0.1 72+0.2 0.09

Women 7+0.17 7+0.14 7240.12 <0.001
SBP (mm Hg)

Men 1222+ 44 1258 £6.1 121.3£3.5 0.04

Women 1185+54 1249 +£5.9 1288+9.9 <0.001
DBP (mm Hg)

Men 822444 88.5+10.6 90+5.3 0.18

Women 827+6 90.3+6 93.8+5.2 <0.001
Weight (kg)

Men 757+24 83.7+4.6 89 +0.93 <0.001

Women 66.6+3.3 72.5+48 80.8+6.3 <0.001
WC (cm)

Men 81.8+28 84.5+3.1 87.9+25 <0.001

Women 797 +£2.1 835+25 875+24 <0.001

(continued)



Golabi et al. 9
Table 2. Continued.
BMI 18.5-24.9 kg/m? BMI 25.0-29.9 kg/m? BMI >30 kg/m?

Characteristics (n=22) (n=202) (n=16) P value
HC (cm)

Men 90.1 +£2.5 94.03 £ 4.1 988 +3.8 <0.001

Women 89.8+4.5 95+34 97.8 £4.1 <0.001
WHtR

Men 0.46 +0.02 0.49 £0.02 0.5+£0.02 <0.001

Women 0.48 +£0.02 0.5+0.02 0.54+£0.02 <0.001
WHR

Men 0.9+£0.02 0.9 £0.05 0.9 £0.02 0.7

Women 0.88+0.03 0.88+0.03 0.89 £0.03 0.4
LAP (cm/mmol/L)

Men 348+£6.5 39.6+£7 46.7+6.5 0.003

Women 448+5.4 51.03 £6.1 61.5+£62 <0.001
DAAT (cm?)

Men 1389+ 17.2 154.9+20.7 1752+ 144 0.001

Women 7834108 932+ 12.13 106.7+9.3 <0.001
VAI (log)

Men 1.84+0.2 1.5+0.2 1.5+0.3 0.002

Women 2.5+0.28 23+032 26+023 0.018
Després index

Men 87.6+12.1 122.7 +20.5 1339+ 16.7 <0.001

Values are presented as mean = standard deviation.

BMI, body mass index; BS2hpp, 2-hour postprandial blood glucose; DBP, diastolic blood pressure; DAAT, deep abdominal
adipose tissue; FBG, fasting blood glucose; HC, hip circumference; HbA ¢, glycated hemoglobin; HDL-C, high-density

lipoprotein cholesterol; LAP, lipid accumulation product; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood
pressure; VAI, visceral adiposity index; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio; WC, waist circumference;

TG, triglycerides.

a positive correlation with SBP (r=0.536,
P =0.032; Supplemental Figure 3b).

Tables 3 and 4 show the adjusted partial
correlations between the anthropometric
indices that remained related to the respec-
tive cardiometabolic risk factors among
normal weight, overweight, and obese
patients, after adjusting for age and dura-
tion of disease.

After adjusting for age and duration of
disease among overweight patients, DAAT,
LAP, and Després index were positively
correlated with total serum cholesterol
levels, total cholesterol/HDL-C, LDL-C/
HDL-C, FBG, HbAlc, and SBS. In addi-
tion, DAAT and the Després index were
positively correlated with total serum TG

levels and TG/HDL-C. VAI was positively
correlated with total serum cholesterol
levels, LDL-C, and HbAlc. WHR was neg-
atively correlated with serum HDL-C
levels. BMI, WC, WHtR, DAAT, LAP,
and the Després index were positively cor-
related with SBP. However, among over-
weight patients, the correlations found in
the bivariate analysis between WC with
total serum cholesterol and LDL-C levels
as well as LAP with HDL-C did not
remain significant in partial correlation
after adjusting for age and duration of dis-
ease (Table 3).

In obese patients, BMI was positively
correlated with total serum TG, LDL-C,
and FBG levels. WHtR showed a strong
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positive correlation with total serum choles-
terol levels, and LAP had a strong positive
correlation with total serum cholesterol
levels (Table 4).

Among patients with normal BMI, we
found a positive correlation of serum
BS2hpp levels with WC (r=0.89,
P=0.008), HC (r=0.86, P=0.01), LAP
(r=0.82, P=0.025), DAAT (r=0.88,
P=0.008), and the Després index
(r=0.89, P=0.008). We also found a neg-
ative correlation between VAI with SBP
(r=-0.84, P=0.02) and DBP (r=-0.84,
P =0.02). Moreover, HC showed a positive
correlation with HbAlc (r=0.81, P=0.03)
and serum LDL-C levels (r=0.82,
P=0.03). However, correlations in bivari-
ate analysis of WC with HbAlc¢ and serum
LDL-C levels and DAAT with TG/HDL-C
and LDL-C/HDL-C did not remain signif-
icant in partial correlation after adjusting
for age and duration of disease (data not
shown).

The results of multiple linear regression
analyses for cardiometabolic measures are
presented in Tables 5 and 6. Table 5
shows that WC, HC, body weight, BMI,
WHR, and WHtR were significant determi-
nants of lipid and glycemic profile, SBP,
and DBP, depending on the analyzed car-
diometabolic parameter.

Results in Table 5 show that in patients
with normal BMI, HC was positively asso-
ciated with HbAlc (£=0.026, 95%
CI=0.00-0.05), explaining 2.5% of the var-
iance in HbAlc, which indicated a low risk
of uncontrolled DM. WC was a strong pre-
dictor for serum LDL-C levels (f*=0.76,
95% CI=0.01-0.18), explaining 43% of
LDL-C variance and indicating an
increased risk of hypercholesterolemia.

In overweight patients, WC was a
medium  predictor for total TG
(F=-0.11, 95% CI=-0.13 to —0.01)
and total serum cholesterol (f*=—0.15,
95% CI=-0.22 to —0.07) as well as a
weak predictor for HbAlc (£ =0.01, 95%

CI=0.002-0.02), explaining 9.9%, 12.6%,
and 0.99% of WC variances, respectively.
WHR was a strong predictor of HDL-C
(fF=—1, 95% CI=—1.38 to —0.68), total
cholesterol/HDL-C (fF=1.6, 95%
CI=0.26-2.9), and TG/HDL-C (f=1.7,
95% CI=0.36-3.04), explaining 50.6%,
61.2%, and 63% of variance in HDL-C,
total cholesterol/HDL-C. and TG/HDL-C,
respectively. Body weight was a significant
predictor for LDL-C/HDL-C (f=1.0,
95% CI1=0.002-0.02), explaining 50% of
LDL-C/HDL-C variance. Moreover, BMI
was a strong positive predictor of FBG
(fF=1.33, 95% CI=0.28-2.4), explaining
57% of FBG variance. However, BMI
was a weak positive predictor for total
serum TG levels (£=0.01, 95%
CI=0.005-0.02) and a weak negative pre-
dictor for HDL-C (f£=-0.01, 95%
CI=-0.03 to —0.001). Finally, WHtR was
a strong predictor for SBP (* =37.58, 95%
CI=1.03-74.13) and DBP (*=87.88, 95%
CI=37.23-138.51), explaining 97% and
99% of SBP and DBP variance,
respectively.

In obese patients, WHtR was a signifi-
cant predictor for higher total cholesterol
(f*=6.04, 95% CI=1.44-10.65) and LDL-
C (7 =5.87, 95% CI=1.18-10.56), explain-
ing 86% and 85% of total cholesterol and
LDL-C variance, respectively. WHR was a
significant predictor of FBG (ff=191.6,
95%  CI=66.4-316.8) and  BS2hpp
(f* =285.44, 95% CI=83.1-487.8), explain-
ing 99.5% and 99.7% of the variance in
FBG and BS2hpp, respectively. Finally,
BMI was a strong predictor of BS2hpp
(f*=6.3, 95% CI=0.92-11.67), explaining
86% of BS2hpp variance. Generally,
WHR and BMI consistently showed an
increasing effect on dysglycemia.

Table 6 shows that VAI, DAAT, LAP,
and Després index were significant determi-
nants of lipid profile and SBP but not gly-
cemic profile and DBP, depending on the
analyzed cardiometabolic parameter. As
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the table shows, in patients with normal
BMI, VAI was negatively associated with
LDL-C (#=-0.74, 95% CI=—1.03 to
—0.06), explaining 42.5% of variance in
serum LDL-C levels. DAAT showed a pos-
itive association with TG/HDL-C, but the
percentage of variance in TG/HDL-C
explained by DAAT was low.

In overweight patients, LAP had a small
effect on serum HDL-C levels. Moreover,
the effects of DAAT on total serum TG
levels and TG/HDL-C, as well as LAP
and the Després index on total serum cho-
lesterol levels were weak. In obese patients,
VAI was positively associated with a risk of
high SBP (*=7.3, 95% CI=0.72-13.89),
explaining 88% of SBP  variance.
However, the effect of LAP on total
serum cholesterol levels in obese patients
was weak.

Discussion

DM is a major risk factor for CVD.*
Obesity is a worldwide epidemic and leads
to a 20% increased risk of acute myocardial
infarction.*® Evidence shows that obesity
plays a major role in the development of
type 2 DM.*** In our study, nearly 90%
of patients had excess adiposity. This find-
ing suggests that obesity was not properly
controlled in these high-risk patients.
Moreover, we found correlations between
traditional and non-traditional adiposity
indices and cardiometabolic risk factors in
normal weight, overweight, and obese
patients, considering factors such as age
and duration of disease. Finally, we deter-
mined the effect size for traditional and
non-traditional anthropometric indices on
the lipid and glycemic profile, SBP,
and DBP.

In patients with normal BMI, WC was
positively associated with HbAlc and
serum LDL-C levels, after adjustment for
age and duration of disease. Our findings
were in agreement with those of a previous

cross-sectional study in which an associa-
tion was identified between WC and
HbAlc among migrants in Finland.*®
According to our results, WC was a
strong predictor of higher serum LDL-C
levels in patients with normal BMI. We
should consider metabolic abnormalities
that may or may not be related to obesity
because evidence shows that unhealthy indi-
viduals with normal metabolic status are at
increased risk for CVD and type 2 DM.?"%°
Because individuals with normal BMI are
usually not the target of screening pro-
grams, they may not receive proper
intervention.*®

In overweight patients, WC was positive-
ly associated with HbAlc, after adjustment
for age and duration of disease. This was in
agreement with previous findings from a
cross-sectional study among adults in
which associations of WC with HbAlc
were confirmed in population-based data.*
Moreover, in our study, the results of linear
regression showed that WC was a positive
predictor for serum LDL-C levels, indicating
a 46% increased risk of hypercholesterol-
emia in patients with normal BMI.

In overweight patients, HC showed a sig-
nificant association with lipid profile and
HbA ¢, after adjustment for age and dura-
tion of disease. However, the results of
linear regression showed that HC was not
a significant determinant of cardiometa-
bolic risk among overweight patients.

WHR was a strong predictor of HDL-C,
total cholesterol/HDL-C, and total TG/
HDL-C in overweight patients; these were
responsible for more than 50% of the var-
iance in serum HDL-C levels per unit
increase in WHR. WHR was also a strong
positive predictor of the lipid profile among
overweight patients and the glycemic profile
among obese patients. The largest effect
sizes were observed between WHR and
the glycemic profile in obese patients.
Moreover, BMI was a strong predictor of
the glycemic profile in overweight and
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obese patients. We observed that worsening
glycemic status was associated with higher
WHR and BMI, suggesting that these two
simple measures of obesity were correlated
with the pathogenesis of type 2 DM.

WHtR tended to show the best perfor-
mance for prediction of hypertension and
hypercholesterolemia in overweight and
obese patients, respectively. WHtR can
potentially serve as a standard screening
tool in patients with type 2 DM, in agree-
ment with other studies.*'** However, the
associations of BMI and WC with dyslipi-
demia and the effect sizes were weak.
Hence, BMI, WC, WHR, and WHtR may
differ in their ability to identify cardiome-
tabolic risk factors. Apart from this,
because the units of each anthropometric
indicator differ, it is inappropriate to direct-
ly compare values of effect sizes. Therefore,
we estimated the effect size using the Cohen
formula and found that WHR and WHtR
may have a stronger association with cardi-
ometabolic risk factors than WC, HC, body
weight, and BMI. Previous epidemiological
studies have shown that central obesity
indicators, such as WHtR, are more closely
associated with CVD risk factors than
BMI, which is consistent with our
results.*'*** This may be because ectopic
fat deposition triggers pathological meta-
bolic reactions, which increases the risk of
metabolic diseases.*

The results of the present study revealed
that VAI was the best predictor of SBP and
LDL-C among the evaluated non-
traditional indices of adiposity in patients
with type 2 DM. VAI was proposed for
the first time by Amato et al.'” as a valuable
indicator for visceral adipose function in a
non-obese healthy population, showing an
independent association with cardiovascu-
lar events. In our study population, VAI
was positively associated with lipid profile
but not glycemic and blood pressure
parameters among overweight patients.
These results are consistent with a

retrospective cross-sectional study among
the general population of Polish adults
where VAI was significantly correlated
with total cholesterol levels and blood pres-
sure and the values of SBP and DBP were
weakly correlated with VAI. Thus, VAI
may be a useful parameter in clinical assess-
ment of cardiometabolic risk factors.'® It is
noteworthy that, in our multiple linear
regression model, normal-weight patients
had a low hypercholesterolemia risk with
increasing VAI, which is supported by the
results of a cohort study*® and large collab-
orative analyses of 57 prospective studies.*’
One of the most important results in the
current study was the strong negative asso-
ciation of VAI with LDL-C among normal-
weight patients. Thus, the calculation of
VAI might be of great importance in
normal-weight patients with high cardio-
vascular risk, which might not otherwise
be satisfactorily screened.

In our study, the largest effect size was
observed for VAI with dyslipidemia and
hypertension markers, in comparison with
those of LAP, DAAT, and the Després
index. Of note, our results demonstrated
that compared with other non-traditional
adiposity indicators, VAI was the best pre-
dictor of hypertension among obese
patients with type 2 DM, which could
make this index a helpful indicator in
screening for cardiometabolic risk factors.
However, the effect size of VAI was not
greater than those of traditional adiposity
indicators. WHtR was superior to VAI in
the prediction of hypertension. Other tradi-
tional and non-traditional parameters
showed no predictive effect on blood pres-
sure. Therefore, further research is needed
to establish the predictive role of VAI for
cardiometabolic risks among patients with
type 2 DM. The superiority of VAI over
conventional anthropometric indices in pre-
dicting unhealthy metabolic cardiac pheno-
type has been demonstrated in other
population-based studies in Asia, the
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United States, and Europe.'®*** The role
of VAI as a strong predictor for hyperten-
sion among obese patients with type 2 DM
is in line with the results in a community-
based survey® and in patients undergoing
hemodialysis® as well as those with poly-
cystic ovary syndrome.”!

In the present study, a higher VAI pre-
dicted a lower LDL-C and LDL-C/HDL-C
among patients with normal BMI.
However, in the prediction of a low HDL-
C among overweight patients, the useful-
ness of WHR in diagnosis was greater
than that of VAI. Evaluation of prediction
ability, considering the proportions of var-
iance among patients with normal BMI,
showed that the effect size of VAI for
decreased LDL-C values was 42.5%, repre-
senting a large effect size.*® In addition, the
effect size of VAI for a high SBP among
obese patients was 88%, indicating a large
effect size.””

Ferreira et al.*® evaluated the possibility
of using VAI to identify people with
unhealthy metabolic phenotype among the
Brazilian population and confirmed the
accuracy of this index and its diagnostic
superiority over conventional anthropomet-
ric indicators, especially in normal-weight
individuals. In addition, Du et al.>® found
that normal-weight participants with the
highest VAI values had a healthy metabolic
profile. These results highlight the utility of
VAI as a reliable indicator for determining
cardiometabolic risk. VAI-induced produc-
tion of adipokine and activation of the
proinflammatory system may serve as evi-
dence for inflammation as a potential mech-
anism  linking adipose  tissue and
cardiometabolic risk.>*

Based on the observed relationship
between other evaluated non-traditional
indicators of adiposity and cardiometabolic
risk factors, we concluded that these were
correlated with cardiometabolic risk fac-
tors, albeit with less effect than VAI. The
observed differences between VAI and

other non-traditional indicators of obesity
in terms of their predictive value for meta-
bolic cardiac risk factors would be
expected; both lipid parameters and anthro-
pometric measurements were entered into
the equation to calculate the VAI whereas
only anthropometric measurements were
included in the equations for calculating
DAAT and the Després index.

As mentioned, we revealed that VAI was
an appropriate diagnostic indicator for car-
diometabolic risk factors. It is important to
note that the formulas used to calculate
VAI and LAP included some of the
assessed cardiometabolic risk factors (e.g.,
total TG, and the formula for VAI also
includes HDL-C). Hence, assessment of
the relationships between VAI and serum
TG, HDL-C, LDL-C/HDL-C. and TG/
HDL-C ratios as well as LAP with serum
TG levels were not considered in our study.

In the present study, DAAT showed a
positive association with dyslipidemia
among participants with normal BMI.
Additionally, among overweight patients,
DAAT and LAP were significantly and
positively correlated with dyslipidemia, dys-
glycemia, and hypertension, after adjust-
ment for age and duration of disease.
However, multiple linear regression
showed that DAAT was a weak predictor
for hypertriglyceridemia among overweight
patients.

In obese patients, LAP showed a strong
positive association with hypercholesterol-
emia after adjusting for age and duration
of disease. However, multiple linear regres-
sion showed that LAP was a weak predictor
for dyslipidemia among overweight and
obese patients. This result is in line with
those of a similar study in a general popu-
lation of Iranian adults with normal BMI,
which showed that LAP is an independent
predictor of cardiovascular events but is not
superior to other anthropometric indices.'®
Another Iranian study among a general
population of adults showed that the
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magnitude of increased risk of CVD owing
to LAP was independent of BMI, WHtR,
and WHR in women. However, WHtR
showed a stronger association with
increased risk of CVD than LAP among
men. Therefore, LAP was not superior to
WHR and WHtR for predicting CVD.>
Wehr et al.*® demonstrated that high LAP
values are predictive of mortality, indepen-
dently of other cardiovascular risk factors,
in normal-weight postmenopausal women
living with diabetes, but not in men.
However, these findings were constrained
to normal-weight women with DM. The
differing results might be related to differ-
ences in the study population and design.
Accordingly, our findings regarding LAP
among overweight and obese patients may
be confounded by the fact that our study
population was probably at high risk for
cardiovascular events.

Our results also showed that in over-
weight male patients, the Després index
had a significant association with dyslipide-
mia, dysglycemia, and hypertension, after
adjustment for age and duration of disease.
However, multiple linear regression
revealed that the Després index was a
weak predictor of hypercholesterolemia in
overweight men. These results revealed
that the Després index, which uses simple
anthropometric measures, has a limited
ability to predict the risk of CVD.

In recent years, several reports have been
published on new biomarkers of a high car-
diovascular risk. However, most of these
biomarkers are costly and not suitable for
routine use.*® Moreover, the measurement
of excess visceral fat requires CT or soft
tissue densitometry, which is also unavail-
able in routine clinical practice. Given the
need for substitute predictors, we proposed
the use of simple and inexpensive non-
traditional anthropometric indices, espe-
cially VAI, to predict cardiometabolic risk
factors among adult patients with type 2
DM, who may generally be considered a

high-risk population. However, the use of
these indices did not differ from the appli-
cation of traditional anthropometric indices
in predicting cardiometabolic risk factors in
this patient population.

This study has some limitations. The
study population was limited to individuals
with type 2 DM, which hinders the gener-
alizability of the results and also most likely
introduces biases into the observed associa-
tions. Moreover, most patients were White
men and few patients had a normal BMI.
Owing to the cross-sectional design of the
study, we were unable to determine causal-
ity in assessing the association between
measures of adiposity and the studied
health outcomes. We did not have a control
group of participants without type 2 DM.
Additionally, we did not assess the physical
activity status of participants or compare
this between groups. However, in a similar
study, no significant difference was
observed in the level of physical activity
measured using the International Physical
Activity Questionnaire (IPAQ) between
overweight, obese, and normal-weight par-
ticipants.'® In this study, the association
between ectopic fat and anthropometric
indices was not determined so as to evaluate
whether these can be used to estimate
ectopic fat; this should be addressed in
future studies. Past studies have shown
that the assessment of LAP may be valuable
in identifying patients with insulin resis-
tance accompanied by ectopic lipid deposi-
tion as well as liver fat accumulation.’® In
addition, data on family history of type 2
DM, treatments, related home remedies
(including antidiabetic drugs), and CVD-
related illnesses could have been included
to control for confounders. However,
because demographic information was col-
lected from patients’ records and this infor-
mation was unavailable in their medical
files, it was not possible to obtain these
data. This information should be consid-
ered in the analysis of the results of the
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future studies. We also suggest direct mea-
surement of fat mass/adiposity, such as
using bioelectric impedance analysis or
dual-energy X-ray absorptiometry, for
comparisons with the study results.

In conclusion, we found that general and
abdominal adiposity were both associated
with cardiometabolic risk in adults with
type 2 DM; however, in comparison with
other traditional and non-traditional indi-
ces, WC and VAI may be stronger predic-
tors of dyslipidemia among patients with
normal BMI. WHR and BMI were strong
predictors for dysglycemia in obese adults,
and WHtR and VAI were strong predictors
for hypertension in overweight and obese
patients, respectively. Finally, all tradition-
al anthropometric indices and VAI may be
slightly more useful as predictors of cardi-
ometabolic risk factors than other non-
traditional ones. However, this relationship
needs to be assessed further because varia-
bles such as changes in ectopic fat with
comorbidities, family history, and medica-
tion history may have an influence on these
associations.
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