Integrated Blood Pressure Control

Dove

ORIGINAL RESEARCH

Which anthropometric and metabolic index is
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Background: Although the effectiveness of some combined anthropometric and metabolic
scores were evaluated in hypertension prediction, none of them had addressed their accuracy in
association with overweight/obese populations. This study examined the accuracy of several
anthropometric parameters in this regard and compared the novel indices to the ancient ones.
Methods: Through a cross-sectional study, 5115 patients have been evaluated at the weight
loss clinic. Data on demographic information, anthropometric indices, and biochemical
measurements were assembled into a checklist. Multivariable regression modeling and the
area under the receiver-operating characteristic (ROC) were analyzed using SPSS version 20.
To find new combined scores, SEM (structural equation modeling) analysis was also
adopted. P-values < 0.05 were considered statistically significant.

Results: Considering ancient indices, WHtR (waist-to-height ratio) showed a sufficient area
under the curve in predicting hypertension among both genders concomitant with WC (waist
circumference) in men, and BRI (body roundness index) in women as highest AUC. The highest
odds ratio (OR) for the presence of hypertension, based on the age-adjusted model, was BRI in
females (OR, 3.335; 95% confidence interval [CI], 1.58-7.28) and WC in males (OR, 13.478;
95% CI: 1.99-45.02). The combined scores were not superior to the single ones.

Conclusion: The most powerful association between hypertension and sufficient discrimi-
nation ability of normotensives from hypertensive patients was detected for BRI in women
and WC among men. However, neither the BSI and BAI nor FMI and FFMI showed
superiority to WC or WHtR in predicting the presence of hypertension.
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Introduction
Obesity has become a major unsolved problem worldwide because of its proven
risk for developing cardiovascular disease and its metabolic adverse effects in
addition to its role in some cancers.' Globally, the proportion of overweight/
obese adults has increased to 36/9% in men and 29/8% in women,” while 51/2%
for men and 57/5% for women in Iran.’> Based on a systematic review, between
0.7% and 2.8% of a country’s total health-related budget was devoted to obesity.
Furthermore, studies showed that medical costs for obese people were 30% greater
than the normal weight population.”*

Consequences of obesity are not only related to the degree of obesity but are also
associated with the pattern of body fat distribution or fat to lean body mass
proportion.””” A growing body of evidence has assessed the relationship of types/
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grades of obesity with hypertension (HTN) and found sig-
nificant correlations.*'® Mechanisms of obesity-related
HTN following increased sodium reabsorption in kidneys
include the role of renal sympathetic nervous system, kidney
compression by visceral fat, and increased anti-natriuretic
hormones and adipokines levels.'" Interestingly, the role of
insulin resistance as a stimulating factor for other mechan-
isms in HTN was introduced recently.'?

Other than the ancient anthropometric indices such as
body mass index (BMI), waist circumference (WC), waist-
to-hip ratio (WHR) and waist-to-height ratio (WHtR),'*'*
there is a new index referred as Visceral Adiposity Index
(VAI). This index is sex-specific, reflects the level of tissue
resistance to insulin and adipose tissue mass'® and has a
positive association with the risk of developing HTN.'®

In 2011, Lipid Accumulation Product (LAP) index
which describes lipid accumulation using WC and trigly-
ceride (TG) concentrations, is reported to be a better index
in predicting HTN compared to BMI and WC based on
a study conducted among Mongolians in China."’

Another newly developed index known as Body Shape
Index (BSI), showed superiority over BMI and WC for
predicting HTN'® though Chang et al rebuffed this theory
and instead came up with another better predicting index
for HTN called Body Round Index (BRI) than BSI, BMI
and WC."

Body Adiposity Index (BAI), directly calculates the
percentage of adiposity by using hip circumference and
height.”® In some studies, BAI, when compared with BMI
and WHtR, was not a better predictor for coronary vascu-
lar disease (CVD) risk factors;*'~** on the contrary, another
study with a longitudinal study, showed BAI to predict
incidence of HTN more precisely than BMI and WHR*
showing some inconsistencies in the anthropometric
indices used deserves further study.

The Influence of lean body mass index versus that of fat
mass index on blood pressure of Gujarati in-school adoles-
cents studied in 2014 displayed a positive relationship
between HTN and fat mass index (FMI) and also the free
fat mass index (FFMI).>* Contrary to the Gujarati study
findings, Stephen et al documented BMI as a stronger pre-
dictor than FMI and FEMI for developing HTN.?

5115
patients excﬁized
recruited

Figure | Flow chart of study participants.

Considering the lack of existing studies on the evalua-
tion of newly developed anthropometric indices in Asia
beyond China, the importance of ethnicity on obesity
indices, and the controversial findings reported by some
previous investigators on the superiority of adiposity
indices that predict HTN, we examined the accuracy of
several anthropometric parameters in this regard and com-
pared the novel indices to the ancient ones in predicting
hypertension among overweight/obese Iranian adults.
Secondly, we reported some new potential combined
scores in predicting hypertension contextually.

Methods
Study Design

This study employed a cross-sectional design, implemen-
ted at the obesity clinic of Sina Hospital, a referral hospital
of Tehran University of Medical Sciences.

Study Participants

A total of 5115 obese/overweight adults involving 4042
(79.1%) females and 1073 (20.9%) males referred to the
weight loss clinic from June 2017 to June 2019 of whom
1870 were overweight and the remaining 3245 were obese.
Most (73.1%) of the studied women were in their menopause
state while the remaining 1089 (23.9%) were in their pre-
menopause. Only 3251 patients with complete data were
considered for the analysis and the rest were excluded

[Figure 1].

Procedure
The medication history of patients was recorded. Patients on
low-dose Statins were included since the mentioned doses
did not affect serum TG level. We excluded patients with
recent (through six months) heart failure, myocardial infarc-
tion, or stroke in addition to participants with chronic con-
ditions or rheumatologic diseases, and pregnant women.
An informed consent form was filled by all participants
after explaining the aims of the study. Moreover, the
Ethics Committee of Tehran University of Medical
Sciences approved the protocol of this study. A trained
nurse collected the demographic data and information on
measurements using a standard checklist for data entry.

1237
incomplete
set of data
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Hypertension Definition

The diagnosis of hypertension was made based on BP >
130/80 on two separate office visits or previous treatment
with antihypertensive drugs according to the American
College of Cardiology (ACC) and the American Heart
Association (AHA) guideline for the
Detection, Evaluation and Management of High Blood

Prevention,

Pressure in Adults. Hypertensive patients were grouped
as stage | and stage 2 when the studied participants had
blood pressure of 130-139/80-89 and greater than 140/90,
respectively based on American Heart Association (AHA)
guidelines.”® We used a standard mercury sphygmoman-
ometer with appropriate cuff size to evaluate the blood
pressure in a sitting position.

Measurements

We used a Seca 755 Column Medical Scale for measure-
ment of body weight with an accuracy of 0.1 kg and
a standard stadiometer for heights of about 0.1 cm.
While recording weights, the patients wore light clothing,
and during height measurements, shoes were taken off.
Weight divided by height squared (kg/m?) was used for
the BMI calculation. 30 > BMI > 25 was determined as
overweight and obesity was defined as BMI > 30. Waist
circumference was assessed at the most narrow part of the
waist. Hip circumference was taken at the maximal protu-
berance of the gluteal using a single tape.

Anthropometric Indices

The body composition analyzer BC-418 MA (TANITA,
Tokyo, Japan) was used for the evaluation of anthropo-
metric indices including total fat percentage, total fat mass,
and total free fat mass.?’

VAI and LAP, sex specific indices, were calculated
using the following equation : (TG and HDL are expressed
in mmol/l) For males: VAI = (WC/39.68 + (1.88xBMI)) x
(TG/1.03) x (1.31/HDL), For females: VAI = (WC/36.58 +
(1.89xBMI)) x (TG/0.81) x (1.52/HDL)'° and LAP =
(WC-65) x TG for men and (WC-58) x TG for women.?®

BSI was calculated using this formula: BSI = WC/
(BMI??x height'?)* below and WC and height in this
index are in meters. BRI was calculated using this equation:
364.2-365.5 /1 — ((WC[m]/27)2(0.5height[m])2).* BAI
was calculated using this equation: ((hip circumference
(cm)/height (m)'-®) — 18).2° WHIR of patients is defined as
the waist circumference divided by height, with the same

units for both measures. WHR is defined as their waist

circumference divided by hip circumference, both measured
in the same units.”'

FMI and FFMI were measured by calculating the total
fat mass and free fat mass by body composition analyzer
and then using the following formulas: FMI = fat mass/
height squared (m?) and FFMI = fat-free mass/height
squared(m?).?’

Laboratory Investigations

After a 12-hour fasting, patients’ sera were collected to
determine the levels of fasting blood sugar (FBS), trigly-
ceride (TG), cholesterol (CHOL), low-density lipoprotein
(LDL) and high-density lipoprotein (HDL). For fasting
plasma glucose level evaluation, the enzymatic colori-
metric technique was implemented. For assessing serum
levels of lipids, an Erba Mannheim auto analyzer XL-640
(Erba Diagnostics Mannheim, Germany) with Pars
Azmoon reagent kit (Tehran, Iran) was employed. Then,
(LDL-cholesterol)
Fried Ewald’s

In cases with serum triglyceride levels of

low-density  lipoprotein-cholesterol
level was calculated based on the
formula.*
more than 400 mg/dl, LDL-cholesterol was directly mea-
sured by the enzymatic method and using commercial kits

(Parsazmun, Karaj, Iran).

Statistical Analysis

The independent #-test and chi-square test were employed
to compare quantitative and categorical variables, respec-
tively between normotensive and hypertensive patients.
Pearson’s correlation test was used to examine the associa-
tion of systolic blood pressure and anthropometric indices.
The area under the receiver-operating characteristic curve
(AUC) with 95% confidence intervals (CIs) and Youden
distance were used to assess the power of each anthropo-
metric measure to discriminate normotensives from hyper-
tensive patients. According to the gender-specific nature of
some indices,’® we analyzed the data in two subgroups for
men and women. The odds ratios (ORs) and their 95% Cls
for the presence of hypertension were estimated by logistic
regression analysis. Variables were adjusted for age and
sex in the first model, and for age, sex, BMI, and WC in
The SEM (Structural Equation
Modeling) method was used to extract latent synthetic

the second model.

obesity scores from the manifest anthropologic indices.>*
However, the ordinary linear SEM was not suitable for the
association detection between obesity score and hyperten-
sion due to the stronger multi-co-linearity relationships
between the anthropologic indices. Therefore, we used
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the PLSPM method to implement the SEM model for new
latent combined scores extraction.®> All statistical analyses
were performed using IBM SPSS Statistics version 20.0
(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 characteristics of 5115 participants are shown in
Table 1. BMI, WHtR, BSI, BRI, total fat mass, total fat-
free mass, total fat percentage, FMI, and FFMI were sig-
nificantly  higher in male hypertensives than
normotensives while WC, HC, WHtR, VAI, LAP, BAI,
BRI, total fat mass, total fat-free mass, total fat percentage,
FMI, and FFMI were significantly higher in female hyper-
tensive individuals. BSI and BMI in women whereas WC,
HC, BAI, LAP, and VAI were
hypertensives as well as normotensives [Table 1].

similar in male

Table 2 displays the area under the curve, cut off,
sensitivity and specificity of each anthropometric measures
for the presence of hypertension in both genders. LAP,
WHItR, and BRI revealed the highest diagnostic accuracy
for predicting hypertension with AUC of 0.67 and CI 95%
of 0.57-0.78, 0.55-0.79, and 0.55-0.79 in females, respec-
tively. Whereas WC and BSI were more accurate measures
for predicting hypertension in males, (AUC = 0.70, 0.71,
CI 95% = 0.54-0.77, 0.37-0.86) which was closely fol-
lowed by WHtR (AUC = 0.68, CI 95% = 0.55-0.79).

Considering sensitivity, the most sensitive index for
hypertension prediction was LAP (sensitivity: 78% and
specificity: 52%) for females and WHtR (sensitivity:
74% and specificity: 54%) for males. Concomitantly, BSI
was the most specific index (sensitivity: 30% and specifi-
city: 85%) for women and BAI (sensitivity: 53% and
specificity: 74%) for men.

Figure 2 shows the AUC values for combined latent
indices/scores for male and female groups. We selected
three of the strongest correlated manifest indices with
patients’ systolic blood pressure to conduct latent com-
bined indices for both genders. BRI, WHtR, and WC
were chosen for females, while BRI, FMI, and WHtR
were selected for men. Based on the aforementioned latent
combined indices, four scores were generated to a different
combination of mentioned indices, and the combined
scores were approximately similar as the manifest indices
with no better discriminating power for hypertension
detection.

When indices were used to estimate the risk for HTN,
the most powerful odds ratios belonged to WC with OR =
13.47 (1.99-45.02) for men and BRI (OR = 3.33 (1.58-
7.28)) for women, comparatively higher than those
observed for all other indices. Combined latent indices
were not better than the manifest [Table 3].

Discussion

Considering the literature review, to our knowledge, our
study is the first one to compare the vast spectrum of
indices including ancient and novel parameters in addition
to combined scores among populations with an appropriate
sample size and revealed BRI and WC to be the best
predictors. The aforementioned anthropometric indices
for predicting hypertension among overweight/obese
patients had a good power of discrimination of normoten-
sive from hypertensive patients in both genders. Similar to
our study findings, Chang et al suggested BRI as
a potential parameter in hypertension assessment.’® On
the other hand, the study findings from Mongolian males,
LAP was reported as a better potential HTN predictor than
BML.!” Moreover, Wang et al suggested LAP as a better
choice than BAI in association with hypertension among
the obese population.®”

Our findings advocated the use of ancient indices since
they showed WC among men and WHtR among women to
be the best predictors than the suggested novel parameters
elsewhere. In the same breath, the study done by Lee’s
group among Korean obese people®® documented similar
findings to ours. According to the two meta-analyses, in
which each study extracted more than thirty studies and
pooled data comparing ancient obesity indices (BMI, WC,
WHR, and WHtR), WHtR has been suggested not only as
the strongest hypertension risk predictor but also as the
best discriminator of normotensives in hypertensive
patients though the pooled studies in these meta-analys
es were mostly from China and the studies were
heterogeneous.>**° Conversely, in a study evaluating 622
Jordanian people, WC was introduced as an independent
likely that
differences could occur as a result of differences in ethni-

predictor of hypertension.*' Tt is such
city/race and other sociodemographic factors.

Our findings agreed that latent combined scores were
not superior to the manifest indices, neither in predicting
hypertension nor in discriminating hypertensive from nor-
motensive patients. Two studies with remarkable sample
sizes, approved some superiority for combined indices in
comparison to ancient indices (including BMI, WC, HER,
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Table 2 The Area Under the Curve, Cut off, Sensitivity and Specificity of Each Anthropometric Measures for the Presence of

Hypertension by Gender

Female, 2535, 78.0% Male, 716, 22.0%

Predictors PCC Cut off Sens Spec AUC(95% CI) PCC Cut Off Sens Spec AUC(95% CI)
wcC 0.16* 106.62 0.69 0.51 0.64(0.52-0.76)* 0.05 114.54 0.61 0.70 0.70(0.54-0.77)
HC 0.07* 117.73 0.69 0.48 0.57(0.45-0.70) 0.01 115.50 0.65 0.53 0.62(0.48-0.73)
WHR 0.00 091 0.49 0.65 0.59(0.47-0.71) 0.21 0.95 0.73 0.54 0.60(0.49-0.74)
WHtR 0.19% 0.71 0.62 0.6l 0.67(0.55-0.79)* 0.14* 0.95 0.74 0.54 0.68(0.55-0.79)
LAP 0.22* 64.46 0.78 0.52 0.67(0.57-0.78)* 0.04 92.07 0.53 0.65 0.53(0.39-0.66)
VAI 0.09%* 2.08 0.77 0.48 0.64(0.53-0.75)* 0.07 2.20 0.57 0.53 0.47(0.33-0.61)
BSI 0.04 0.08 0.30 0.85 0.64(0.52-0.76)* 0.12% 0.08 0.53 0.6l 0.71(0.37-0.86)
BRI 0.18* 7.70 0.62 0.6l 0.67(0.55-0.79)* 0.14* 6.43 0.73 0.65 0.68(0.55-0.79)
BAI 0.13* 42.44 0.65 0.58 0.62(0.50-0.74) 0.03 37.74 0.53 0.74 0.58(0.47-0.74)
FMI 0.18* 13.67 0.78 0.46 0.60(0.57-0.72) 0.24* 10.62 0.73 0.65 0.63(0.54-0.78)
FFMI 0.17* 19.82 0.69 0.46 0.53(0.41-0.65) 0.12% 23.60 0.69 0.68 0.59(0.46-0.73)

Note: *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.

and WHtR) using wrapper-based variable selection and
Partial Least Squares Path Modeling (PLSPM) method
especially among women.*? Different findings of our
study and mentioned studies might be explained by differ-
ent index selections for combined scores construction.*
The strengths of our study include a large cohort of over-
weight/obese participants from over a two-year period, and
employed standardized anthropometric measurements to
decrease inter-rater bias. Nonetheless, our findings need to be

interpreted cautiously in the context of potential limitations
that include lack of socioeconomic information, smoking sta-
tus, dietary habits, and physical activity level variables of
participants. There was also a higher number of women parti-
cipants which might have resulted in a selection bias though
maximum effort was made to compensate for the selection bias
through subgroup analysis. In order to support the causality
association and overcome the limitation of the present cross-
sectional study, further longitudinal studies are warranted.

Normotensive vs hypertensive

74

72

70

68

66

AUC*100

64

62

60

58

Score 1 Score 2 Score 3

Women

Score 4

Score 1 Score 2 Score 3 Score 4

Men

Figure 2 AUC values for combined latent indices in women and men. Women: Score | (BRI, WHtR), Score 2 (BRI, WC), Score 3 (WHtR, WC), Score 4 (BRI, WHtR, WC);
Men: Score | (WHTtR, FMI), Score 2 (WHtR, BRI), Score 3 (BRI, FMI), Score 4 (BRI, WHtR, FMI).
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Table 3 Odds Ratio (95% ClI) of the Presence of Hypertension for Each Anthropometric Measure by Gender

Female Male

Predictors Model IT: OR(95% CI) Model 2: OR(95% CI) Model I: OR(95% CI) Model 2: OR(95% CI)
BMI 0.492(0.075-3.154) — 0.069(—0.006—-3.050) —

wcC 1.530(1.003-1.947)* — 13.478(1.990-45.027)* —

HC 0.453(0.013-0.763) 0.961(0.934-0.989)* 0.260(—0.086-5.029) 0.006(—3.986—18.029)
WHR 0.862(0.430-1.728) 0.818(0.392—-1.707) 0.074(—0.259-8.119) 0.144(—0.034-50.336)
WHtR 0.793(0.053-11.910) 0.502(0.031-9.001) 0.942(—0.124-22.421) 1.377(0.034-5.968)
LAP 1.521(1.145-2.012)* 1.860(1.177-2.889)* 1.007(1.01-1.010)* 1.018(1.004-1.035)*
VAI 1.416(1.031-2.463)* 1.244(1.004-1.705)* 1.321(1.012-1.678)* 1.308(1.01 I-1.754)*
BSI 1.624 (1.056-2.242)* 1.614(1.043-2.298)* 1.956(1.013-5.278)* 0.900(0.174-6.967)
BRI 3.335(1.589-7.286)* 6.752(1.845-9.316)* 1.305(0.982—4.145) 1.024(0.482—4.084)
BAI 1.365(1.018-1.860)* 1.727(1.107-2.01 I)* 1.017(0.954-6.059) 0.936(0.171-3.006)
FMI 3.000(1.655-8.117)* 2.619(1.373-4.068)* 1.007(0.953-1.072) 0.908(0.775-2.065)
FFMI 1.065(0.940—1.740) 0.972(0.352-2.653) 1.049(0.965-1.137) 1.056(0.294-4.246)
Scorel 1.375(0.892-6.553) 0.967(0.332—4.755) 0.944(—0.04-10.756) 0.867(0.01-10.631)
Score 2 2.679(1.014-5.663)* 2.965(1.452-6.843)* 1.024(0.532-7.783) 1.144(0.562-8.145)
Score 3 1.437(1.002—4.489)* 1.002(0.841-9.645) 1.267(0.892-8.552) 1.342(0.882-10.478)
Score 4 2.885(1.329-7.387)* 2.867(1.351-7.998)* 1.117(0.784-5.832) 1.143(0.806-8.491)

Notes: *Statistically significant (P<0.05). TModel I: Adjusted for age, Model 2: Adjusted for age, BMI, and 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; BAI, body adiposity index; LAP, lipid accumulation product; VAI, visceral adiposity index; FMI, fat mass index; FFMI, fat-free mass index; Mets,

metabolic syndrome.

Conclusion

In summary, the most powerful association between hyper-
tension and sufficient discrimination ability of normoten-
sives from hypertensive patients were detected for BRI in
women and WC for men. However, neither the BSI, BAI
nor FMI and FFMI showed superiority to WC or WHtR in
predicting the presence of hypertension.

Abbreviations

AHA, American Heart Association; AUC, area under the
curve; BAI, body adiposity index; BMI, body mass index;
BRI, body roundness index; BSI, body shape index; CVD,
coronary vascular disease; FFMI, free fat mass index; FMI,
fat mass index; HC, hip circumference; LAP, lipid accumu-
lation product; OR, odds ratio; PLSPM, partial least squares
path modeling; SEM, structural equation modeling; VAI,
visceral adiposity index; WC, waist circumference; WHR,
waist-to-hip ratio; WHtR, waist-to-height ratio.
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