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Aim: Rapid and growing rise in obesity and diabetes mellitus, as serious human health-
threatening issues, is alarming. The aim of the present study was assessing the accuracy of
several obesity indices to predict hyperglycemia in overweight and obese Iranian populations
and determining the value of such indices in comparison to the conventional parameters. We
also evaluated new latent combined scores in this matter.

Patients and Methods: Overall, there were 2088 patients recruited from the weight loss
clinic of Sina Hospital, an educational hospital of Tehran University of Medical Sciences for
this cross-sectional study. Demographic information, anthropometric indices and biochemical
measurements were collected and calculated. The multivariable regression modeling as well
as area under the receiver-operating characteristic (ROC) analysis was used. To detect the
existence of new combined scores, we used SEM (structural equation modeling) analysis
through SmartPLS.

Results: Combined latent scores and WHtR (waist-to-height ratio) gave us a higher area
under the curve in predicting hyperglycemia associated with WC (waist circumference)
in women, whereas FFMI (fat-free mass index) gave low values. Additionally, BRI (body
roundness index) and latent scores had slightly higher AUC values in predicting hyper-
glycemia in men. According to the age-adjusted odds ratio (OR) in the presence of
hyperglycemia, OR was the highest for WHR (waist to hip ratio) in women (OR, 7.74;
95% confidence interval [CI], 1.71-15.13). The association of WHR and hyperglycemia
remained significant by adjusting for BMI (body mass index), WC and menopausal
status.

Conclusion: WHR had the strongest association with hyperglycemia in women with only
sufficient discrimination ability. However, neither BSI (body shape index) and BAI (body
adiposity index) nor FMI (fat mass index) and FFMI were superior to BMI (body mass
index), WC or WHItR in predicting hyperglycemia. It was revealed that BRI and combined
scores had a more predictive power compared to the BSI, BAI, FMI and FFMI, simplifying
hyperglycemia evaluation.

Keywords: diabetes mellitus, obesity, anthropometric indices

Introduction

Nowadays, rapid and growing rise in obesity and diabetes mellitus, as a serious human
health-threatening issue, are alarming.' > A study in the Iranian adult population showed
35.1% increase in diabetes mellitus (DM) prevalence during the seven years of study
from 2005 to 2011. Additionally, DM was 20 times more prevalent among morbidly
obese individuals.*”
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Present studies showed that the pattern of body fat
distribution has a major role in DM development and
considerable increasing body of evidence support the role
of visceral adiposity tissue in insulin resistance risk and
Respecting DM
a completely curable disease and has a heavy burden,’

hyperglycemia formation.®® is not
preventing and prediction of this disease became more
necessary.

Most of the previous studies managed to demonstrate
a close association between diabetes and body mass index
(BMI) and waist circumference (WC), which are com-
monly considered as the valid measures of obesity.
Nevertheless, considering the inability of BMI in differ-

210 jts relia-

entiating adipose tissue from lean body mass,
bility as an indicator of obesity has recently been
questioned. BMI together with some other obesity para-
meters such as body adiposity index and waist-to-height
ratio has shown to present poor prognosis of fat mass
among young healthy adults since it reflects skeletal mus-
cle mass.” WC can also predict the status of abdominal
adipose tissue. However, whether the range of WC associ-
ates to body size remains obscure.”'' Therefore, it is
suggested that other appropriate parameters are applied
to present improved indices of obesity. It seems that
a combination of traditional anthropometric indices like
height, weight, BMI, or WC together with novel para-
meters would be helpful for us to achieve our goal.

In addition to BMI, WHR (waisttohip ratio), WHtR
(waist-to-height ratio) and WC, there are some other new
parameters that are defined as adiposity indices. New
indices including fat mass index (FMI) are calculated by
taking the body fat mass component resulting from bioe-
lectrical impedance analysis, divided by height squared.'?
Visceral adiposity index (VAI) and lipid accumulation
product (LAP) as lipid over accumulation estimates
based on anthropometric and lipid profiles,'*' body
shape index (BSI) based on waist circumference, BMI,
and height,"> body roundness index (BRI), composed of
height and waist circumferences,'® and body adiposity
index (BAI), as the hip circumference to height ratio'’
are introduced recently.

The new indices have more complex formulas and it is
not known to have more findings than traditional indices.
Some studies like the recent study of 11,345 Chinese
adults showed that BSI and BRI were not superior to
BMI, WC, WHtR and WHR to foresee DM.'” Alvin
et al suggested that BAI was more practical than BMI
and WC in predicting type 2 DM in Brazilian adults, but

the study in Singapore declared superiority of combination
of both BMI and WHtR to BAL'"'® The association
between BF% (body fat percent) and FMI and traditional
cardiovascular risk profiles have been revealed, but it was
not a better predictor in relation to BML'® The study of
12,294 adults from the United States determined that FMI,
BF% and FFMI were not good alternatives to BMI in
measuring adiposity and predicting metabolic syndrome
(MetS).?°

Following controversy in previous studies, we aimed to
evaluate the accuracy of various proposed new obesity
indices to predict hyperglycemia in overweight and obese
Iranian populations and to demonstrate the value of such
indices compared to the conventional parameters. And
also, we evaluated new latent combined scores in this
matter.

Patients and Methods
Study Design and Study Subjects

This study was a cross-sectional correlational study con-
ducted at the weight loss clinic of Sina hospital, an educa-
tional hospital of Tehran University of Medical Sciences.
A total of 4770 adult participants consisting of 3752
females and 1018 males were evaluated in this study in
a consecutive manner between January 2017 and
December 2019. The number of overweigh participants
was 1546, while there were 3184 obese patients. We
found an incomplete set of data for 2682 participants.
The Ethics
Committee of Tehran University of Medical Sciences.

study protocol was approved by the
The classification of obesity status was established accord-
ing to overweight (30 > BMI >25 kg/m2) and obesity
(BMI >30 kg/m2). For calculating VAI and LAP, we
excluded patients with hyperlipidemia who received treat-
ment for hypertriglyceridemia due to its effect on serum
TG (Triglyceride) level which influences VAI and LAP
indices. We included patients using Statins since the stu-
died patients were on low-dose Statins with a minimal
effect on TG level. We evaluated the medication history
of patients and excluded patients using medications effec-
tive on serum glucose level [eg, Corticosteroids, HRT
(Hormone Replacement Therapy)]. The other exclusion
criteria were diagnosis of heart failure, myocardial infarc-
tion, or stroke in the six months before the evaluation,
other chronic diseases, and pregnancy.

A consent form was obtained from all participants after
being informed of the study objectives and benefits. They
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also signed an agreement regarding personal information
confidentiality. Information on demographic data was col-
lected during a single clinic visit by trained nurses who
used a standard questionnaire for data gathering from face-
to-face interview. Primarily, all investigators were invited
to attend a training session that covered topics including
the purpose of study, manner of filling out the question-
standard method of measurement,

naire, and study

procedures.

Hyperglycemia Definition

Hyperglycemia defined as the presence of fasting blood
glucose >100 mg/dl or diabetes as a self-reported history
of diabetes and/or receiving anti-diabetic medication, or
HbAlc > 5.7 (38.8 mmol/mol) were checked twice.*'

Measurements

Body weight was measured to the nearest 0.1 kg and
height was measured to the nearest 0.1 cm using
a standard stadiometer. Weight was measured with
a light clothing and height was measured without
shoes. BMI was then calculated as weight divided by
height squared (kg/m?). Waist circumference was taken
at the maximal narrowing of the waist from anterior
view. Hip circumference was measured at the point of
maximal gluteal protuberance from the lateral view.?

Anthropometric Indices

The anthropometric indices including total fat percentage,
total fat mass and total fat-free mass were measured using
body composition analyzer BC-418 MA (TANITA, Tokyo,
Japan).'?

VAL can be calculated using a sex specific equation as
below: TG and HDL (high-density lipoprotein) are expressed
in mmol/l: Males [VAI = (WC/39.68+(1.88xBMI))x(TG/
1.03)x(1.31/HDL)], Females [VAI = (WC/36.58
+(1.89xBMI))<(TG/0.81)x(1.52/HDL)]."”* LAP is also
a sex specific equation and is defined as [LAP = (WC-
65) x TG] for men and [(WC-58) x TG] for women.'* BSI
was calculated using this formula and WC and height are in
meters in this index: [BSI = WC/(BMI**x heightm)].15 BRI
was calculated by this equation: [BRI = 364.2—365.5
/1 — ((WC[m]/27)2(0.5height[m])2)]."® BAI was calcu-
lated using this equation: [BAI = (hip circumference (cm)/
height (m) ') — 18)].!” Fat mass index (FMI) and fat-free
mass index (FFMI) were measured by calculating total fat

mass and fat-free mass by body composition analyzer, and

then using the following formula: [FMI = fat mass/height
squared (m)], [FEMI = fat-free mass/height squared (m)].'
Waist-to-height ratio (WHtR) is defined as waist cir-
cumference divided by height. Waisttohip ratio (WHR) is
defined as their waist circumference divided by hip cir-
cumference, both measured in the same units.??

Laboratory Investigations

Blood samples were collected following a 12-hour fasting.
In order to determine the levels of fasting blood sugar
(FBS), triglyceride (TG), cholesterol (CHOL),
density lipoprotein (LDL) and high-density lipoprotein

low-

(HDL) levels, the patients’ sera was extracted. The enzy-
matic colorimetric technique was used to assess fasting
plasma glucose level. An Erba Mannheim auto analyzer
XL-640 (Erba Diagnostics Mannheim, Germany) with
Pars Azmoon reagent kit (Tehran, Iran) was used for
assessing serum levels of lipid profiles. Thereafter, low-
density lipoprotein-cholesterol (LDL-cholesterol) was cal-
culated according to the Fried Ewald’s formula.”> LDL
cholesterol was directly measured by enzymatic method
and using commercial kits (Parsazmun, Karaj, Iran) in
cases with serum triglyceride levels>400 mg/dl. HbAlc
was also assessed using high-performance liquid chroma-
tography (Tosoh G7, Tokyo, Japan).

Statistical Analysis

The independent #-test and chi-square test were used to
compare quantitative and categorical parameters, respec-
tively in patients with or without hyperglycemia. Pearson’s
or Spearman correlation tests were used to examine the
association of hyperglycemia and anthropometric para-
meters. We used dimension reduction analysis for group-
ing anthropometric indices. The SEM (structural equation
modeling) method was used to extract latent synthetic
obesity score from the manifest anthropologic indices.**
However, due to the stronger multi-co-linearity between
the anthropologic indices, the ordinary linear SEM was not
able to detect the association between obesity score and
hyperglycemia. Therefore, for structuring the SEM model
aiming at extracting our new scores, the adopted PLSPM
method was employed.?

We used the area under the receiver-operating charac-
teristic curve (AUC) with 95% confidence intervals (Cls)
and Youden distance to assess the power of each anthro-
pometric measure to assess the risk of hyperglycemia.

Since some indices were strongly correlated with sex,'®
we analyzed the data in two men and women subgroups.
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The odds ratios (ORs) and their 95% Cls for the pre-
sence of hyperglycemia were estimated by logistic regres-
sion analysis with adjustments made for age and sex in the
first model, and for age, sex, BMI and WC for the second
model. Furthermore, in women, we adjusted logistic
regression analysis for menopausal status. All statistical
analyses were performed using IBM SPSS Statistics 17.0
(SPSS Inc., Chicago, IL, USA) and SmartPLS Version 2.0
(Ringle, Wende, and Becker, 2015). P-values < 0.05 were
considered statistically significant.

Results

The baseline characteristics of individuals are summarized
in Table 1. Among women, 2848 (75%) patients were pre-
menopausal while 904 (25%) individuals were post-

menopausal. Of total 4770 participants, 1749 (36%)
patients used Statins, 1584 (33%) persons were overweight
while 3186 (67%) were obese.

KMO (Kaiser-Meyer-Olkin) measures of adequacy of
0.740 and significance of the Bartlett test of sphericity (P <
0.0001) were used for running the exploratory factor ana-
lysis. After using the rotated component matrix for factor
reduction of anthropometric indices, we categorized the
indices into three groups: body mass-related consisting of
BMI, WHtR, FMI, FFMI, BAI and BRI; Central obesity-
related consisting of WHR and BSI and Bloodlipid-related
consisting of LAP and VAI (see Table 2).

The manifest indices are selected from the biggest AUC
of each category. Therefore, WC, LAP and WHtR were used
in this way. We explained four states consisting of these

Table | Clinical Anthropometric Measures, Indices and Measure Indicators Adjusted for Gender and Hyperglycemia

Female (3752, 78.6%) Male (1018, 21.4%)

BS>100 BS<100 P value BS>100 BS<100 P value

Mean *SD MeantSD
Age 46.7£12.5 38.3%13.5 0.000 46.2+11.5 38.9+13.3 0.000
Anthropometric measures
wC 114£13.6 106.2+12.4 0.000 115.6x16.4 114.6+17.8 0.684
Height 157.6+6.4 159+6.2 0.002 171.617.4 170.8£9.9 0.785
HC 123.9+£14.2 119.1£11.6 0.000 119.4%£15.3 119.6x£14.2 0.900
Anthropometric indices
BMI 38.517.5 35+6.4 0.000 33.2+6.8 339475 0.409
WHR 0.9+0.1 0.9+0.1 0.000 1£0.1 0.9+0.1 0.208
WHtR 0.710.1 0.70.1 0.000 0.70.1 0.70.1 0.939
LAP 104.1+58.7 75.4151.6 0.000 115.7+85.2 92.9161.2 0.076
VAI 3.2+1.8 2.612.1 0.002 3.1+£2.2 2.3+1.3 0.026
BSI 0.1£0.0 0.1£0.0 0.006 0.1£0.0 0.1£0.0 0.716
BRI 8.71+2.5 7.242.1 0.000 74125 74125 0.953
BAI 44.8+7.9 41.616.5 0.000 35.37.6 36.37.1 0.371
Total fat mass 42.5%13.2 37.6x11.8 0.000 28.6+14.2 31.8+15.9 0.106
Total fat free mass 52.617.6 50.7+6.2 0.001 68.1£10.6 68.4+14.4 0.853
Total fat percentage 43.8+5.5 41.6+5.8 0.000 28.618.1 30.6+8.3 0.053
FMI 17.1£5.2 14.9£4.5 0.000 9.7+4.7 10.845.3 0.078
Measurement indicators
TG 164.3181.6 135.4+75.9 0.000 198.7+106.8 180.3+111.2 0.199
LDL 123.3+39.7 114.4£30.1 0.007 113.9£36.8 115.8+39.8 0.711
HDL 46.4+10.5 47.5%11.4 0.305 43.119.3 43.848.1 0.595
Chols 204.1+47.3 191.9+39.2 0.001 193.7+41.9 195.2+45.7 0.789
FBS 121.5£32.5 88.417 0.000 127.9+48.2 89.4+7.4 0.000

Abbreviations: WC, waist circumstance; HC, hip circumstance; BMI, body mass index; WHR, waist to hip ratio; WHtR, waist-to-height ratio; BSI, body shape index; BRI,
body roundness index; BAI, body adiposity index; LAP, lipid accumulation product; VAI, visceral adiposity index; FMI, fat mass index; FFMI, fat-free mass index; TG,
triglyceride; LDL, low density lipoprotein; HDL, high-density lipoprotein; Chols, cholesterol; FBS, fasting blood sugar; MetS, metabolic syndrome.
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Table 2 Rotated Component Matrix for Factor Reduction of

Anthropometric Indices

Indices Factorl Factor2 Factor3 h2

WHtR 0.909 0.349 0.209 0.986
BMI 0.960 —-0.189 0.129 0.966
FMI 0.933 —-0.182 0.130 0.904
FFMI 0.884 —-0.176 0.102 0.816
WHR 0.055 0917 0.157 0.803
LAP 0.402 0.158 0.867 0.958
VAI 0.052 0.186 0.958 0.966
BSI —-0.199 0.923 0.161 0914
BRI 0910 0.342 0.204 0.976
BAI 0.923 —-0.109 0.112 0.850

Notes: Factorl: body mass related, Factor2: Central obesity related, Factor3:
Blood lipid related. Extraction method: Principal component analysis, Rotation
method: Varimax with Kaiser normalization, Kaiser, Meyer-Olkin measure of sam-
pling adequacy = 0.740, The Bartlett test of Sphericity x2=764.563; P < 0.0001. h2
extractions: Final item communalities (row sums of squared loadings).
Abbreviations: BMI, body mass index; WHR, waist to hip ratio; WHtR, waist-to-
height ratio; BSI, body shape index; BRI, body roundness index; BAI, body adiposity
index; LAP, lipid accumulation product; VAI, visceral adiposity index; FMI, fat mass
index; FFMI, fat-free mass index.

indices’ composition: Scorel (LAP, WHtR), Score2 (LAP,
WCQ), Score3 (WHtR, WC) and Score4 (LAP, WHtR, and
WCQ). Table 3, shows the path coefficient in 7 Partial Least
Squares Path Modeling (PLS-PM) models for both genders.
Based on the statistical simulation, the proposed model had
enough power and stability to detect the relationship of body
shape with hyperglycemia.

Table 4 presents the AUCs (95% Cls), sensitivity,
specificity and optimal cut points for anthropometric
indices in relation to hyperglycemia in both genders. The
biggest AUCs were seen in score 1, 2 and 4 and then in
WHtR, LAP and WC in women, respectively. In men,
scorel, BRI and WC consisted of the highest AUCs. As
the AUC between 0.6 and 0.7 shows sufficient and AUC
between 0.5 and 0.6 suggests bad accuracy of diagnostic
tests, most indices had sufficient accuracy, except for FMI
and FFMI among women and WHR among men with bad
accuracy.

Figure 1, shows the AUCs of anthropometric indices in
each group.

The highest seneitivity was reported at score4 (sen=
76%, spe=54%) and BAI (sen= 74%, spe=44%) in women
and FMI (sen= 95%, spe=9%) and FFMI (sen=93%,
spe=15%) in men, while the highest specificity was
shown in WHR (spe= 83%, sen=38%) in women and
BAI (spe= 92%, sen= 14%) in men.

The multivariable logistic regression modeling was
employed to assess the Odds Ratio (OR) and 95%
Confidence Interval (CI) for hyperglycemia with the pre-
sence of each anthropometric (Table 5). Hence, most of the
analyses in men’s group are insignificant; we have
focussed on women’s group in which WHR had
OR=7.774 that increased to OR=7.981 after adjustment.
The second one in prediction of hyperglycemia was the
newly developed score 4 with OR=1.644 that was 1.648
after adjustment. After additional adjustment based on
menopausal status among women, WHR and score 4
were approximately the same [OR=7.789 (1.256-13.674),
1.391 (0.947-2.129)]. BRI improved to OR=4.513 (2.-
187-8.388), and LAP, VAI and score 1 and 2 changed to
be insignificant. Other indices’ status did not change.

Discussion
We evaluated the correlation between anthropometric
indices and hyperglycemia for possible use of these potential
indices to predict hyperglycemia in clinical settings. To our
knowledge, this is the first study evaluating an extensive
number of indices, including old and new ones, with an
acceptable sample size. Also, we introduced latent potential
combined indices among the hyperglycemic population for
future studies. When both genders were considered together,
the strongest consistent correlation was found between
WHIR followed by BRI and LAP and hyperglycemia. BAI
parameter correlates more efficiently in women following
gender stratification, but it was not the same for BSI.
Additionally, based on the adjusted AUCs, BAI and
BSI had lower predicting powers compared to WC and
WHI(R in females, but BRI showed a higher value than
WC and WHtR in males. After adjusting for BMI and WC,

Table 3 The Path Coefficient in the 7 PLSPM Models for Both Gender

Index LAP WHtR wcC Scorel Score2 Score3 Score4
Total 0.231 0.109 0.105 0.236 0.229 0.109 0.233
Female 0.223 0.115 0.109 0.245 0.242 0.117 0.227
Male 0.064 0.019 0017 0.058 0.052 0.018 0.047

Notes: Scorel (LAP, WHtR), Score2 (LAP, WC), Score3 (WHtR, WC), Score4 (LAP, WHtR, WC).

Abbreviations: WHtR, waist-to-height ratio; LAP, lipid accumulation product; WC, waist circumference.
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Table 4 The Area Under the Curve, Cut off, Sensitivity and Specificity of Each Anthropometric Measures for the Presence of

Hyperglycemia in Both Genders

Female Male

Predictors | PCC Cut off | Sens | Spec | AUC(95% CI) PCC Cut off | Sens | Spec | AUC(95% CI)
wcC 0.273* 106.5 70 58 0.672(0.646 —0.698) * | 0.057 94.5 90 80 0.661(0.608-0.714)*
HC 0.190* 118.5 59 57 0.614(0.59-0.643)* 0.007 138.75 14 92 0.658(0.600-0.716)*
WHR 0.223* [ 0.9428 38 83 0.634(0.595-0.672)* 0.121 0.9244 77 40 0.575(0.493-0.676)*
WHtR 0.304* [ 0.6781 66 62 0.674(0.637-0.71 1)* 0.012 0.6426 51 55 0.639(0.424-0.578)*
LAP 0.255% [ 68.95 67 59 0.659(0.600-0.716)* 0.146 0.628(0.499-0.756)
VAI 0.148* [ 2.41 64 6l 0.628(0.566—0.690)* 0.194* 0.548(0.416-0.682)
BSI 0.101* [ 0.080 55 55 0.632(0.564-0.699)* 0.052 0.551(0.413-0.682)
BRI 0.300% [ 7.31 66 62 0.637(0.576-0.690)* 0.010 6.42 51 55 0.705(0.596-0.813)*
BAI 0.224* [ 38.95 74 44 0.608(0.544-0.671)* —0.056 | 45.17 14 92 0.647(0.529-0.765)*
FMI 0.231* 13.97 69 52 0.594(0.533-0.656)* —0.069 | 4.29 95 9 0.658(0.539-0.777)*
FFMI 0.212* 0.541(0.478-0.607) 0.022 19.01 93 15 0.646(0.515-0.777)*
Scorel 0.283* | —0.5525 | 84 48 0.683(0.647-0.719)* 0.276* | —0.5720 | 65 44 0.672(0.470-0.812)*
Score2 0.264* | —0.6740 | 86 46 0.678(0.642-0.7 1 4)* 0.263 —0.6576 | 56 77 0.557(0.418-0.692)*
Score3 0.276* | —0.0560 | 73 55 0.665 (0.629-0.702)* 0.268 —0.0554 | 73 54 0.661(0.624-0.700)*
Score4 0.295% | —0.1075 | 74 55 0.676(0.640-0.712)* 0.287* | —0.1066 | 70 55 0.662(0.631-0.698)*

Notes: Scorel (LAP, WHtR), Score2 (LAP, WC), Score3 (WHtR, WC), Score4 (LAP, WHtR, WC). *Means statistically significant (P<0.05).
Abbreviations: PCC, Pearson correlation coefficient; WC, waist circumstance; HC, hip circumstance; BMI, body mass index; WHR, waist to hip ratio; WHtR, waist-to-
height ratio; BSI, body shape index; BRI, body roundness index; BAI, body adiposity index; LAP, lipid accumulation product; VA, visceral adiposity index; FMI, fat mass index;

FFMI, fat-free mass index.

indices like BAI, BSI and BRI did not further increase the
odds of hyperglycemia, suggesting that these indices have
no additional value taking into account BMI and WC.

Compared to subcutancous adipose tissue,”® visceral
adiposity seems to be associated with the raised probability
of metabolic and cardiovascular risks more. Triglyceride can
have a satisfactory predictive factors of visceral adipose
tissue in healthy people.?” The use of triglyceride levels in
LAP and VAI indices have been revealed to identify indivi-
duals with highest visceral fat levels*® and it is related to the
increased possibility of MetS.?’ It is proved in Amini’s
study, like our findings, that LAP is correlated with diabetes,
and this phenotype seems to be beneficial in detecting DM*°
while the studies of Saudi and Chinese individuals have
concluded that VAI could predict the risk of glucose meta-
bolism deficiency.*'*?

Fat mass index is correlated with metabolic markers
like triglyceride and very low-density lipoprotein; how-
ever, it is insignificantly correlated with blood glucose,
cholesterol, HDL and LDL.*? Liu et al addressed FMI as
an acceptable screening tool in predicting the presence of
metabolic syndrome when comparing BMI and percentage
of body fat in both genders,®> while studies on these
indices in diabetic patients are not founded.

However, Maessen et al and Fujita M et al found that
BSI was as a weak predictor for diabetes compared to BMI

or WC;**3% in He et al’s study, the predictive value of BSI,
BMI, and WC for DM was similar.® We believe that the
differences in ethnics and the way for selection of cases
can chiefly justify such discrepancies.

According to the Maessen’s study, BRI could be pre-
sented as a novel body index for identifying CVD risk
proﬁles;34 however, our results showed that BRI was
a potential parameter in detecting hyperglycemia, particu-
larly in men.

We, then, evaluated the role of WHtR as a better pre-
dictor of hyperglycemia as one of CVD risk factors in an
adult population in Iran, as suggested by recent systematic
reviews and meta-analyses.>’ >’

The initial analyses assert that the two indices of
WHItR and WC have a higher predictive power than BMI
while WC generally has higher values compared to WHtR.
In the same vein, some studies demonstrated that measur-
ing central adiposity by WC is more likely to be associated
with CVD risk factors when compared to BMI.***

Based on the literature, a single parameter may not be
adequate for assessing obesity.***>*° As shown by Lin
et al, the combination of WHR and BMI parameters
could more appropriately predict CVD risk than BMI
alone.*® In addition, Wang et al proved that combined
scores had a higher value compared to using a single
parameter to predict the relationship between obesity and
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Figure |1 (A) ROC curve of Central obesity related indices in both genders. WHR AUC (CI95%): 0.634 (0.595-0.672) for women (A-1) and 0.575 (0.493-0.676) for men
(A-2). BSI AUC (CI95%): 0.632 (0.564-0.699) for women (A-1) and 0.551 (0.413-0.682) for men (A-2). (B) ROC curve of blood lipid related indices in both gender. LAP
AUC (CI95%): 0.659 (0.600-0.716) for women (B-1) and 0.628 (0.499-0.756) for men (B-2). VAI AUC (CI95%): 0.628 (0.566—0.690) for women (B-I) and 0.548
(0.416-0.682) for men (B-2). (C) ROC curve of body mass related indices in both gender. The most AUC in WHtR. AUC (CI95%): 0.696 (0.669-0.721) for women
(C-1) and 0.639 (0.612-0.667) for men (C-2). (D) ROC curve of new scores for females. (a) Scorel, (b) Score2, (c) Score3, (d) Score4. The most AUC in Scorel. AUC

(C195%): 0.683 (0.647-0.719) for women (D-1).
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Table 5 Odds Ratio (95% CI) of the Presence of Hyperglycemia for Each Anthropometric Measure

Female Male

Predictors Modell{: OR(95% CI) Model2: OR(95% CI) Modell{: OR(95% CI) Model2: OR(95% CI)
BMI 1.060(1.036—1.084)* - 1.009(0.976—1.050) -

WC 1.031(1.021-1.047)* - 1.009(0.990-1.027) -

HC 1.024(1.013-1.036)* 0.961(0.934-0.989)* 1.006(0.986—1.029) 1.006(0.986—1.029)
WHR 7.774(1.717-15.136)* 7.981(1.763-15.229)* 8.074(0.259—48.114) 8.944(0.034-50.396)
WHtR 9.126(2.409-23.228)* 0.337(0.001-19.867) 1.942(0.124-30.421) 1.377(0.034-5.970)
LAP 1.008(1.005—1.012)* 1.005(1.002—-1.009)* 1.005(1.00-1.010)* 1.008(1.001-1.015)*
VAI 1.133(1.031-1.246)* 1.094(0.994—1.205)* 1.321(1.042—-1.675)* 1.306(1.031-1.654)*
BSI 1.137 (1.05-1.242)* 1.102 (1.00-1.198) 0.956(0.893-1.278) 0.900(0.874-0.967)
BRI 1.208(1.133-1.288)* 1.055(0.845-1.316) 1.208(0.922—-1.145) 0.724(0.482—-1.088)
BAI 1.039(1.018-1.060)* 0.948(0.907-0.991)* 0.991(0.954-1.030) 0.936(0.871-1.006)
FMI 1.078(1.045-1.113)* 0.966(0.873—1.068) 1.001(0.952-1.052) 0.908(0.775—1.065)
FFMI 1.165(1.094-1.240)* 1.026(0.913-1.153) 1.046(0.965-1.133) 1.056(0.894—1.246)
Scorel 1.393(1.241-1.564)* 1.189(1.007—-1.404)* 1.003(0.962—-1.067) 0.976(0.921-1.408)
Score2 1.382(1.232-1.550)* 1.199(1.019-1.418)* 1.119(0.897-1.034) 0.997(0.875-1.778)
Score3 1.647(1.384-1.959)* 0.800(0.214-2.981) 1.276(0.954-1.653) 1.112(0.965-1.432)
Score4 1.577(1.360-1.830)* 1.546(0.997-2.396)* 1.045(0.976-1.367) 0.877(0.567—1.116)
MetS 2.042(1.405-2.968)* 1.553(1.033-2.334)* 1.155(0.579-2.307) 1.063(0.492-2.294)

Notes: *Statistically significant (P<0.05). tModell: Adjusted for age, Model2: Adjusted for age, BMI and WC. Scorel (LAP, WHtR), Score2 (LAP, WC), Score3 (WHTtR,

WC), Score4 (LAP, WHtR, WC).

Abbreviations: WC, waist circumstance; HC, hip circumstance; BMI, body mass index; WHR, waist to hip ratio; WHtR, waist-to-height ratio; BSI, body shape index; BRI,
body roundness index; BAIl, body adiposity index; LAP, lipid accumulation product; VAI, visceral adiposity index; FMI, fat mass index; FFMI, fat-free mass index; MetS,

metabolic syndrome.

some cardiovascular risk factors including hypertension;*’
nevertheless, combined scores used in DM prediction in
Zafari et al study indicated that combining central and
general obesity parameters could enhance the specificity,
though sensitivity and PPV is reduced.”® Our results
showed that new combined latent scores did not predict
hyperglycemia better than WHR according to adjusted
ORs but these new scores consist of the higher AUC in
comparison to single indices, so the existence of latent
scores predicting hyperglycemia is valuable for future
studies to formulize new variables to be used in clinical
practice.

The strong points of the present study are: First, we
chose a large sample size (number of patients). Second,
trained researchers were recruited for interviewing and
measuring  anthropometric =~ parameters based on
a standard protocol leading to minimal bias. However,
some potential parameters including socioeconomic status,
history of smoking, dietary habits and physical activity
were not included in the final analysis and this is the
major limitation of study. Also, a higher number of
women was included in the study and most men did not
participate in the physical examination leading to
a selection bias. Hence, further cohort studies should be

performed to confirm the causality nature of findings to
remove the limitations of the present cross-sectional study.

Conclusion

In conclusion, WHR had the strongest association with
hyperglycemia in women with only sufficient discrimina-
tion ability.

However, neither the BSI and BAI nor FMI and FFMI
were considered as privileged to BMI, WC or WHtR in
predicting the presence of hyperglycemia. In comparison
to BSI, BAI, FMI and FFMI, the BRI and combined scores
had higher values in predicting hyperglycemia.
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