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ABSTRACT

Introduction: JNC 8 2014 and the recent ACC/AHA 2017
guidelines used to classify hypertension differ a lot in defining
various stages of hypertension and thus will change the
prevalence of the disease. However, the relationship between
anthropometric parameters and blood pressure considering
the two hypertension guidelines in urban Indian population is
still unclear.

Aim: To compare the anthropometric parameters and prevalence
of prehypertension and hypertension between two hypertension
guidelines for urban young male adults in Moradabad.

Materials and Methods: This cross-sectional study was done
in 2018, using standard protocol for measuring blood pressure
and anthropometric parameters in 444 subjects residing in
urban areas of Moradabad (18-25 years of age). Subjects were
classified using JNC 8 and ACC/AHA 2017 into 8 BP categories.
ANOVA was used to compare the anthropometric parameters
between the BP categories.

Results: Waist Circumference (WC), Skinfold Thickness at
Biceps (STB) and at Triceps (STT) was significantly higher in
JNC Stage 2 as compared to ACC/AHA Stage 2. Additionally,

Original Article

Hypertension and Anthropometric Indicators
in Urban Male Youth of Moradabad: JNC 8
2014 vs. ACC/AHA 2017 Guidelines

ARUN KUMAR', ANURADHA R GAWARLE?, ASHLESH LAXMAN PATIL?

waist hip ratio, waist height ratio, STB and STT were significantly
higher in JNC Stage 2 as compared to JNC Prehypertension
but not for ACC/AHA classification The prevalence of
prehypertension and hypertension (stage 1 and stage 2) was
33.11% and 13.06% according to JNC 8 2014, respectively;
while, it is 9.91% and 36.26% according to AHA/ACC 2017
guidelines, respectively. WC & BMI, the strongest predictors
of hypertension, were significantly more in hypertensive than
normal subjects according to both the classifications.

Conclusion: New ACC/AHA 2017 classification increases the
prevalence of hypertension and decreases the prevalence of
prehypertension in young urban males of Moradabad. JNC
82014 classifies prehypertensives with higher peripheral obesity
as compared to ACC/AHA 2017. While, ACC/AHA 2017 misses
higher hypertension grades that have increased peripheral
obesity at the biceps as compared to JNC 8 2014. The two
classifications show different anthropometric parameters at
various stages. Since obesity management is interrelated
with hypertension management, there is a need of obesity-
hypertension classification.

Keywords: Blood pressure classification, Body mass index, High blood pressure,

Prehypertension, Prevalence, Waist circumference

INTRODUCTION

Essential hypertension is characterised by persistent high pressures
on the walls of the arteries and is one of the leading causes of
mortality and morbidity in India [1]. High prevalence of hypertension
among north Indians warrants more detailed study of the disease
[1,2]. Various medical guidelines have been issued for defining and
classifying hypertension. Many studies done in India have followed
Joint National Committee (JNC) guidelines for classifying hypertension
[3-5]. Recently, American College of Cardiology/American Heart
Association (ACC/AHA) has revised the guidelines for classification
of hypertension in November 2017 [6]. However, these two
classifications differ a lot in defining various stages of hypertension
[Table/Fig-1] which will change the prevalence of the disease.

Obesity is one of the important risk factor for hypertension which
is commonly assessed by calculating Body Mass Index (BMI) [7].
Nevertheless, other anthropometric parameters apart from BMI
have gained importance in unhealthy obese [8]. While studies done
in other countries do consider some anthropometric parameters
important over others in hypertension, the scenario in India needs
to be evaluated & improved. Yalcin BM et al., reported Waist
Circumference (WC), a marker for android obesity, to be better
marker associated with elevated blood pressure than BMI [9]. While,
Hilal Y et al., suggests increasing age as well as WC to be important
factors for screening elevated blood pressures [10]. In the study
done in Saudi Arabia Waist to Height Ratio (WHtR) was found to be
better predictor of elevated blood pressure and hypertension [11].
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For individuals residing in India, central adiposity markers like WC
were more important for predicting high Blood Pressure (BP) [12].
While another study done on Indian population states that WC and
WHtR are better predictors [13]. Total skinfold thickness at triceps,
biceps, subscapular and suprailiac was found to be associated
with elevated blood pressure [14]. Yet the relationship between
anthropometric parameters and blood pressure considering the two
hypertension guidelines in urban Indian population is scarce. The
primary objective of the present study was to study the relationship
between two hypertension guidelines (viz., JNC 8 2014 and ACC/
AHA 2017) and anthropometric parameters among urban young
male adults. The second objective was to compare the prevalence
of prehypertension and hypertension between two hypertension
guidelines for urban young male adults in Moradabad.

MATERIALS AND METHODS

Subjects

The study was approved in Institutional Ethical Meeting (CM/
CRC/17/26A) and in accordance with the Code of Ethics of the
World Medical Association (Declaration of Helsinki) [15]. Written
informed consent was obtained from all subjects. This cross-
sectional observational study was done in 2018 and data was
collected over the duration of 6 months (February 2018 to July
2018). The inclusion criteria for this study were young male subject
(18-25 years of age) who resided for atleast 5 years in Moradabad,
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Uttar Pradesh, India. Exclusion criteria were any history of diabetes
or secondary causes of hypertension or subjects undergoing weight
reduction program. Sample size was calculated using the formula
Sample size (n)=Z%+p(1-p)/d? where, Z is statistic corresponding to
level of confidence (1.96 for confidence interval of 95%), pis expected
prevalence 13.06% based on national survey [16] and d is precision
(0.04). Twenty subjects out of 470 recruited were excluded from
the study because of history of diabetes and secondary causes of
hypertension. Six subjects out of remaining 450 undergoing weight
reduction program were also excluded from this study. Thus, total
of 444 young male subjects were recruited in the study (more than
the estimated sample size of 384).

MEASUREMENTS

General anthropometric measurements (viz., weight, height,
waist circumference, hip circumference) were recorded by using
standard methodology [17]. BMI was calculated using quetelet
formula in kg/m?. Subjects were classified according to the two
BP classification [Table/Fig-1] [3,6]. Blood pressure was recorded
in sitting posture by using mercury sphygmomanometer after
5 minutes of rest; an average of two reading was calculated.
Measurements of Skinfold thickness at four sites Biceps (STB),
Triceps (STT), Subscapular (STSS) and Suprailiac (STSI) regions
were taken by using Harpenden calipers. The subjects were
asked to stand in an erect posture with relaxed shoulders. A
fold of skin was held between the thumb and index finger to
grasp the skin along with subcutaneous adipose tissue. Jaws of
Harpenden caliper were placed perpendicular to length of skin fold
& two such measurements were taken and their mean value was
calculated. The triceps skinfold thickness was measured over the
triceps muscle at the midpoint (acromion process of scapula and
olecranon process) of the posterior aspect of right upper arm. The
skinfold thickness of biceps was measured at the midpoint of the
anterior aspect of right upper arm circumference. For measuring
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sub scapular skinfold thickness a fold of skin was held between
the thumb and fingers on right subscapular area so that the skin
fold forms an angle of 45 degrees to the horizontal plane. The
supra-iliac skin fold was measured in mid-axillary line immediately
superior to iliac crest, so that the skin fold forms an angle of about
45 degree to the horizontal line. Body fat mass was calculated
from skinfold thickness as shown below [18].

Fat mass=8.46+0.317 (weight)-15.161 (height)+9.536 (log of sum
of 4 skinfold thickness)

STATISTICAL ANALYSIS

All data was stored as coded numbers to secure participant’s identity
and prevent researcher’s bias. Data was visualised for distribution
and categorised as parametric based on the normality test.
Correlation studies were done using Pearson’s test. Comparison
of various parameters between BP groups was done using ANOVA
followed by post-hoc analysis with Tukey multiple comparison test.
All statistical tests were done in Graph Pad Prism for Windows,
Graph Pad Software, La Jolla California USA with significance level
set to p<0.05.

RESULTS

The data was collected from 444 male subjects who were living in
urban areas in Moradabad for more than 5 years, with mean age
20.62+1.8 years. Summary of the parameters is depicted in [Table/
Fig-2].

All anthropometric parameters Weight, WC, WHR, WHtR, STT,
STSS, STSI, BMI and FM except STB had a significant positive
correlation with SBP. Also, all anthropometric parameters Weight,
WC, WHtR, STB, STT, STSS, STSI, BMI and FM except WHR had
a significant positive correlation with DBP [Table/Fig-3].

The prevalence of prehypertension and hypertension (stage 1 and
stage 2) was 33.11% (n=147) and 13.06% (n=58) according to

JNC 8 (2014) [3] ACC/AHA (2017) [6]

BP category SBP (mmHg) DBP (mmHg) SBP (mmHg) DBP (mmHg)
Normal <120 And <80 <120 And <80
Prehypertension 120-139 Or 80-89 120-129 And <80
Hypertension Stage | 140-159 Or 90-99 130-139 Or 80-89
Hypertension Stage |l >160 Or>100 >140 Or =90
[Table/Fig-1]: Comparison of the two blood pressure classification guidelines. SBP: Systolic blood pressure; DBP: Diastolic blood pressure.

Age BMI
BP groups | (vears) WC (cm) | Weight (kg) WHR WHtR STB(mm) | STT(mm) | STSS(mm) | STSI(mm) (kg/m?) FM (kg)
Q'_j‘ﬁfots 20.62+1.8 | 78.71x10.52 | 63.11x12.04 | 0.86x0.06 | 0.47+0.06 | 16.84x5.78 | 27.76:9.57 | 36.5+13.50 | 38.23+16.36 | 22.4+3.85 | 22.61x4.64
JNC normal
(n=239) 20.5+1.6 74.66+7.98 58.74+8.92 0.85+0.05 | 0.45+0.04 | 16.45+5.71 | 25.25+7.91 35.45+13.92 | 34.09+14.12 | 21.16+£2.88 | 21.14+3.6
ACC/AHA
Normal (1=239) 20.89+1.94 | 83.68+11.05 | 68.18+13.26 | 0.85+0.06 | 0.49+0.06 | 16.72+5.34 | 30.1+10.63 37.13+13.25 | 44.01£17.69 | 23.54+4.21 | 24.12+5.13
JINC
prehypertension | 20.62+2.2 81.02+11.06 | 67.14+13.57 | 0.86+0.06 | 0.49+0.07 | 17.63+5.49 | 30.48+9.2 37.8+12.53 39.43+15.57 | 24.33+4.7 24.38+5.25
(n=147)
ACC/AHA
prehypertension | 19.25+1.28 | 93.88+7.95 75.5+5.13 0.92+0.06 | 0.56+0.07 | 25.75+9.89 | 42.63+8.84 48.63+11.2 48.38+22.9 26.31+£3.19 | 27.69+3.02
(n=44)
JNC Stage 1
(n=50) 20.5+1.6 74.66+7.98 58.74+8.92 0.85+0.05 | 0.45+0.04 | 16.45+5.71 | 25.25+7.91 35.45+13.92 | 34.09+14.12 | 21.16+£2.88 | 21.14+3.6
ACC/AHA
Stage 1 (1=103) 20.89+1.92 | 81.55+9.11 67.23+11.53 | 0.87+0.05 | 0.48+0.05 | 156.91+£4.67 | 27.66+9.97 34.48+10.28 | 40.19+£16.72 | 23.32+3.34 | 23.61+4.22
JNC Stage 2
(n=8) 20.89+1.96 | 84.59+11.7 68.58+13.96 | 0.88+0.06 | 0.5+0.07 17.06+5.59 | 31.14+10.78 | 38.26+£14.22 | 45.64+17.91 | 23.63x4.54 | 24.34+5.47
ACC/AHA
Stage 2 (1=58) 20.43+2.14 | 82.79+11.63 | 68.29+13.03 | 0.87+0.06 | 0.5+0.07 18.75+6.77 | 32.16+10.01 | 39.29+12.83 | 40.66+16.81 | 24.6+4.55 24.83+5.11

[Table/Fig-2]: Summary of all the parameters across all subjects and in various BP categories.

n=444, WC: Waist circumference; BMI: Body mass index; WHR: Waist Hip Ratio; WHtR: Waist Height Ratio; STB: Skinfold thickness at biceps; STT: Skinfold thickness at triceps; STSS: Skinfold thickness

at subscapular; STSI: Skinfold thickness at suprailiac; FM: Fat Mass
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[Table/Fig-3]: Correlation analysis: Scatterplot between anthropometric parameters as compared to JNC Prehypertension. Though, no significant
and SBP & DBP. Pearson coefficient and p value are shown at the bottom of each plot. diff . h ) b

WC: Waist circumference; BMI: Body mass index; WHR: Waist hip ratio; WHtR: Waist height ifference was seen in ant ropometrlc parameters etween
ratio; STB: Skinfold thickness at biceps; STT: Skinfold thickness at triceps; STSS: Skinfold ACC/AHA Stage 2 as compared to ACC/AHA Prehypertension.
thickness at subscapular; STSI: Skinfold thickness at suprailiac; FM: Fat mass Comparing the two hypertension JNC stages it was found
that WC, WHtR, STB and STT were significantly higher in JNC
Stage 2 as compared to JNC Stage 1. However, anthropometric
parameters did not significantly differ between ACC/AHA stage 1

and ACC/AHA Stage 2 [Table/Fig-5,6].

JNC 8 2014, respectively. While, it was 9.91% (n=44) and 36.26%
(n=161) according to AHA/ACC 2017 guidelines, respectively
[Table/Fig-4].

Comparing Prehypertensives, Hypertensives and
Normal Subjects

For both the classifications WC, Weight, WHtR, STT, Fat Mass
and BMI were significantly higher in prehypertension, Stage 1
and Stage 2 hypertension as compared to normal subjects.
Differences were seen in WHR that was significantly higher in
JNC Stage 2 hypertensives, it was significantly higher in ACC/

Group wise Comparison between the two

BP Classifications

Comparison of anthropometric parameters between the two
classifications revealed no significant difference between
the anthropometric parameters when we compared JNC
Prehypertension with  ACC/AHA prehypertension. Moreover,
. X anthropometric parameters were not significantly different between
AHA Stage 1 hypertensives as compared to normotensives. Also, JNC stage 1 and ACC/AHA Stage 1. But WC, STB and STT were

STB was significantly higher in JNC Stage 2; while, STSI was  gjgnificantly higher in JNC Stage 2 as compared to AHA Stage 2
significantly higher in ACC/AHA Stage 1 as compared to normal [Table/Fig-5,6].
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= INC 239 147 50 3 [Table/Fig-5]: Bar diagram depicting the anthropometric parameters in various BP
groups according to the two BP classifications.
WC: Waist circumference; BMI: Body mass index; WHR: Waist Hip Ratio; WHIR: Waist Height
m ACC/AHA 239 44 103 58

le/Fig-4]: D n of subjects according to JNC 8 (2014) & ACC/AHA

Ratio; STB: Skinfold thickness at biceps; STT: Skinfold thickness at triceps; STSS: Skinfold
thickness at subscapular; STSI: Skinfold thickness at suprailiac; FM: Fat mass

hypertension classification guidelines.

Age wcC Weight STB STT STSS STSI BMI
Tukey’s multiple comparisons test (years) (cm) (kg) WHR WHtR (mm) (mm) (mm) (mm) (kg/m?) | FM (kg)
JNC Normal vs. JNC prehypertension 0.4365 | <0.0001 | <0.0001 | >0.9999 | <0.0001 | 0.9998 | <0.0001 | 0.9361 | 0.0560 | <0.0001 | <0.0001
JNC Normal vs. JNC Stage 1 0.9999 | 0.0005 | <0.0001 | 0.9995 | 0.0001 | 0.8858 | 0.0057 | 0.9526 | 0.3594 | <0.0001 | <0.0001
JNC Normal vs. JNC Stage 2 0.5228 | <0.0001 | 0.0007 | 0.0202 | <0.0001 | 0.0002 | <0.0001 | 0.1204 | 0.1832 0.002 0.0008
JNC prehypertension vs. JNC Stage 1 0.9839 | 0.6822 | 0.9992 | 0.9958 | 0.9999 | 0.9775 | >0.9999 | >0.9999 | >0.9999 | 0.8822 | >0.9999
JNC prehypertension vs. JNC Stage 2 0.1887 | 0.0641 | 0.6063 | 0.0163 | 0.0355 | 0.0004 | 0.0039 0.272 0.7250 | 0.4054 | 0.3207
JNC Stage 1 vs. JNC Stage 2 0.4792 | 0.0097 | 0.4952 0.068 0.0313 | 0.0048 | 0.0112 | 0.4143 | 0.8096 | 0.8384 | 0.4842
ACC/AHA Normal vs. ACC/AHA prehypertension | 0.897 0.0003 | <0.0001 | 0.7987 | 0.0077 | 0.9991 | 0.7421 0.9999 | 0.2569 | 0.0068 | 0.0131
ACC/AHA Normal vs. ACC/AHA Stage 1 0.5866 | <0.0001 | <0.0001 | 0.0014 | <0.0001 | 0.9845 | <0.0001 | 0.6448 | <0.0001 | <0.0001 | <0.0001
ACC/AHA Normal vs. ACC/AHA Stage 2 >0.9999 | <0.0001 | <0.0001 | 0.7441 | <0.0001 | 0.1067 | <0.0001 | 0.5211 | 0.0817 | <0.0001 | <0.0001

ACC/AHA prehypertension vs. ACC/AHA Stage 1 | >0.9999 | 0.6353 | 0.9975 | 0.9085 | 0.7491 0.9515 | 0.4014 | 0.7787 | 0.5341 0.9998 | 0.9831
ACC/AHA prehypertension vs. ACC/AHA Stage 2 | 0.9101 0.998 0.9997 | >0.9999 | 0.8107 | 0.1995 | 0.2088 | 0.6331 | >0.9999 | 0.6388 0.857

ACC/AHA Stage 1 vs. ACC/AHA Stage 2 0.769 | 09449 | >0.9999 | 0.8199 | >0.9999 | 0.6182 | 0.9974 | 0.9998 | 05312 | 0.7218 | 0.9974
JNC Normal vs. ACC/AHA Normal 50.9999 | >0.9999 | >0.9999 | 0.9999 | 0.9999 | 0.9999 | >0.9999 | >0.9999 | >0.9999 | >0.9999 | >0.9999
;’lﬁyﬂggéﬁggﬁ”“” vs: ACC/AHA 500999 | 0.8968 | 0.9997 | 09826 | 0.9385 | 0.9917 | 0775 | 0.9479 | 0.8511 | >0.9999 | 0.9974
JNC Stage 1 vs. ACC/AHA Stage 1 0.0875 | 0.366 | 0.9952 | 0.2952 | 0.9847 | 0.9991 | 0.9999 | >0.9999 | 0.2984 | 0.9504 | >0.9999
JNC Stage 2 vs. ACC/AHA Stage 2 0.6576 | 0.0432 | 0.6713 | 01761 | 0.1014 | 0.0257 | 00481 | 06 | 08981 | 09154 | 0.6619

[Table/Fig-6]: Post-hoc Tukey Multiple comparison test adjusted p values for various parameters.
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DISCUSSION

The present study was conducted to compare anthropometric
parameters among the two BP classifications viz., JINC 2014 & AHA/
ACC 2017 in urban young male adults. Most of the anthropometric
parameters has a significant positive correlations with SBP and
DBP. Similar results have been obtained by Deshmukh PR et al.,
and Vikram NK et al.,, in Indian population [13,19]. Among the
anthropometric parameters weight and WC had the strongest
correlation with SBP while, weight and BMI had the strongest
correlation with DBP. Indeed, other studies also reported that
both WC and BMI to be strong predictor of hypertension in Indian
population [20,21]. Moreover, BMI and WC are independent markers
of body adiposity [22].

Similarities between the Two BP Classifications while
Comparing Anthropometric Parameters

Both the classification were similar while comparing anthropometric
parameters like weight, WC, WHtR, FM and BMI that were more
in cases (prehypertensive and Stage 1 and Stage 2 hypertensives)
as compared to normotensive. Thus, findings of this study are
supported by other studies that found higher WC, weight, WHIR,
Fat mass and BMI in prehypertension and hypertension [23-27].
WC is a reliable measure of total abdominal fat (intra-abdominal fat
and subcutaneous abdominal fat) [28,29]; while, STSI and STSS
both are measures of central subcutaneous fat [30]. Since, STSI and
STSS were not significantly different in prehypertension or Stage 2
as compared to Normal for both the classifications. It may be the
intra-abdominal fat that is more in cases (prehypertensive and stage
2) as compared to normotensive. Indeed, WC is a strong predictor
of intra-abdominal fat [28]. Moreover, more fat mass seen in cases
for both the classifications. Similar finding have been reported by
Dua S et al., [31]. The increased body fat releases leptin and other
adipokines in the system which over activate the sympathetic and
renin angiotensin system leading to hypertension. Thus, reduction
of BMI and WC (especially the visceral fat content) by increasing
awareness and necessary lifestyle changes need to be started even
in young adults.

Differences between the Two BP Classifications while
Comparing Anthropometric Parameters

However, difference was seen in WHR that was more in Stage 2
hypertension for JNC 8 2014 classification and Stage 1 for AHA/
ACC classification as compared to normotensive. Thus, JNC 8 2014
classifies higher stages with more WHR as compared to AHA/ACC
2017. Nevertheless, studies show that increased WHtR have more
association in hypertension as compared to WHR [32]. Though STSS
was not significantly different in Stage 1 as compared to Normal
for both the classifications, STSI was significantly higher in Stage
1 as compared to Normal only for ACC/AHA 2017 classification.
Thus, ACC/AHA 2017 that classifies more hypertensives than
JNC 8 2014 has more abdominal subcutaneous fat in Stage 1
hypertension than normal subjects. However, since similar findings
are not seen in ACC/AHA Stage 2, it is difficult to generalise
these finding for all hypertensives. In JNC 8 2014 classification
STB, a marker of peripheral obesity, was more only in Stage 2 as
compared to normal subjects. While increased STT, another marker
of peripheral obesity, was seen from the prehypertensives to both
the hypertension stages for the JNC 2014 classification. However,
only STT was more in Stage 1 and Stage 2 hypertensives for ACC/
AHA 2017 classification. Thus, ACC/AHA 2017 may miss higher
hypertension grades that have increased peripheral obesity at
the biceps. Also, JNC 8 may grade prehypertensives with higher
peripheral obesity. Also, JNC Stage 2 has higher WC, STB and STT
as compared to Stage 2 ACC/AHA 2017. Since increased obesity
increases the rate of mortality and morbidity [33]. Indeed, there exist
an intricate relationship between obesity and hypertension which
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may be understood by using newer neural network models that
classify obesity-hypertension based on anthropometric parameters
[34]. Such classification will help in identifying key lifestyle changes
required to reduce hypertension prevalence.

Prevalence of Hypertension according to the Two BP
Classifications

In this study, the prevalence for hypertension according to JNC 8
2014 was 13.06% which is close to the prevalence of 14.4% in
urban males (for all Uttar Pradesh State) and 12.5% in urban males
(Moradabad) according to National Family Health Survey-4 (2015-
16) [16]. However, the prevalence according to new ACC/AHA
2017 classification is much higher 36.26% than National Family
Health Survey-4 (2015-16). The prevalence for prehypertension
in this study according to JNC 8 2014 was 33.11% which is
slightly more than the previous prevalence of 26.7% reported by
Singh RB et al., in Moradabad [35]. Thus, there may be rising
trend in prehypertension cases in 2019 as compared to 2011 in
urban areas of Moradabad. However, according to the new ACC/
AHA 2017 classification prehypertension prevalence is 9.91%
much less than reported by Singh RB et al., [35]. Indeed, Gupta
R et al., mentioned that this new classification will increase the
prevalence of hypertension in India as many prehypertension
cases are classified as hypertensives according to ACC/AHA
2017 [36].

LIMITATION

Body fat mass in this study was estimated from skinfold thickness.
However, this method fails to count for the visceral fat or mesentery
fat content. Though calculated fat mass had significant positive
relationship with blood pressure, direct measurement of visceral fat
percentage may provide additional information.

CONCLUSION

Considering new ACC/AHA 2017 classification increases the
prevalence of hypertension and decreases the prevalence of
prehypertension in young urban males of Moradabad. Higher
weight, waist circumference, waist height ratio, fat mass and
body mass index are seen prehypertension & hypertension as
compared to healthy subjects in both JNC 8 2014 and ACC/AHA
2017 classifications. Yet, JNC Stage 2 hypertension has higher
waist circumference and skinfold thickness at biceps & triceps
as compared to ACC/AHA Stage 2. Moreover, JNC 8 classifies
prehypertensives with higher peripheral obesity as compared to
ACC/AHA 2017. While, ACC/AHA 2017 misses higher hypertension
grades that have increased peripheral obesity at the biceps as
compared to JNC 8 2014.

REFERENCES

[1] Anchala R, Kannuri NK, Pant H, Khan H, Franco OH, Di Angelantonio E, et al.
Hypertension in India: a systematic review and meta-analysis of prevalence,
awareness, and control of hypertension. J Hypertens. 2014;32:1170-77.

[2] Roy A, Praveen PA, Amarchand R, Ramakrishnan L, Gupta R, Kondal D, et al.
Changes in hypertension prevalence, awareness, treatment and control rates
over 20 years in National Capital Region of India: results from a repeat cross-
sectional study. BMJ Open. 2017;7:e015639.

[3] Armstrong C, Joint National Committee. JNC8 guidelines for the management of
hypertension in adults. Am Fam Physician. 2014;90:503-04.

[4] Rehan HS, Grover A, Hungin APS. Ambiguities in the guidelines for the
management of arterial hypertension: indian perspective with a call for global
harmonization. Curr Hypertens Rep. 2017;19:17.

[5] Singh RB, Sharma JP, Rastogi V, Niaz MA, Singh NK. Prevalence and
determinants of hypertension in the Indian social class and heart survey. J Hum
Hypertens. 1997;11:51-56.

[6] Whelton PK, Carey RM, Aronow WS, Casey DE, Collins KJ, Dennison Himmelfarb
G, etal. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA
guideline for the prevention, detection, evaluation, and management of high
blood pressure in adults: executive summary: a report of the American College of
Cardiology/American Heart Association Task force on clinical practice guidelines.
Hypertens Dallas Tex 1979. 2018;71:1269-324.

[7]1 Jiang SZ, Lu W, Zong XF, Ruan HY, Liu Y. Obesity and hypertension. Exp Ther
Med. 2016;12:2395-99.

Journal of Clinical and Diagnostic Research. 2019 Nov, Vol-13(11): CC01-CC05



www.jcdr.net

(8l

[9]

[10]

[11]

2]

3]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Rasaei N, Mirzababaei A, Arghavani H, Tajik S, Keshavarz SA, Yekaninejad
MS, et al. A comparison of the sensitivity and specificity of anthropometric
measurements to predict unhealthy metabolic phenotype in overweight and
obese women. Diabetes Metab Syndr. 2018;12:1147-53.

Yalcin BM, Sahin EM, Yalcin E. Which anthropometric measurements is most
closely related to elevated blood pressure? Fam Pract. 2005;22:541-47.

Hilal Y, Acar T, Koksal E, Gezmen K, Akbulut G, Bilici S, et al. The association of
anthropometric measurements and lipid profiles in Turkish hypertensive adults.
Afr Health Sci. 2011;11:407-183.

Saeed AA, Al-Hamdan NA. Anthropometric risk factors and predictors of
hypertension among Saudi adult population- A national survey. J Epidemiol Glob
Health. 2013;3:197-204.

Taing KY, Farkouh ME, Moineddin R, Tu JV, Jha P. Age and sex-specific
associations of anthropometric measures of adiposity with blood pressure
and hypertension in India: a cross-sectional study. BMC Cardiovasc Disord.
2016;16:247.

Vikram NK, Latifi AN, Misra A, Luthra K, Bhatt SP, Guleria R, et al. Waist-
to-Height ratio compared to standard obesity measures as predictor of
cardiometabolic risk factors in Asian Indians in North India. Metab Syndr Relat
Disord. 2016;14:492-99.

Rosenthal J. Methodologic evaluation of the relation of blood pressure
and skinfold thickness: an epidemiologic approach. Rev Saude Publica.
1989;23:322-35.

Carlson RV, Boyd KM, Webb DJ. The revision of the Declaration of Helsinki: past,
present and future. Br J Clin Pharmacol. 2004;57:695-713.

National, State and Union Territory, and District Fact Sheets- 2015-16 National
Family Health Survey (NFHS-4) (English). Available from: https://dhsprogram.
com/publications/publication-OF31-Other-Fact-Sheets.cfm.

National Health and Nutrition Examination Survey (NHANES). Anthropometry
Procedures Manual. 2017. Available at https://wwwn.cdc.gov/nchs/data/
nhanes/2017-2018/manuals/2017_Anthropometry_ Procedures_Manual.pdf.
Sandhu JS, Gupta G, Shenoy S. Prediction equation for calculating fat mass in
young Indian adults. Asian J Sports Med. 2010;1:101-07.

Deshmukh PR, Gupta SS, Dongre AR, Bharambe MS, Maliye C, Kaur S, et
al. Relationship of anthropometric indicators with blood pressure levels in rural
Wardha. Indian J Med Res. 2006;123:657-64.

Midha T, Krishna V, Nath B, Kumari R, Rao YK, Pandey U, et al. Cut-off of body
mass index and waist circumference to predict hypertension in Indian adults.
World J Clin Cases WJCC. 2014;2:272-78.

Mohan V, Deepa M, Farooq S, Narayan KMV, Datta M, Deepa R. Anthropometric
cut points for identification of cardiometabolic risk factors in an urban Asian
Indian population. Metabolism. 2007;56:961-68.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[38]

[36]

Arun Kumar et al., Hypertension and Anthropometric Indicators in Urban Male Youth of Moradabad: JNC 8 2014 vs. ACC/AHA

Dhall M, Devi KS, Nilupher null, Gupta U, Tyagi R, Kapoor S. Hypertension and
its correlate with general and central adiposity: A study among urban population
of Delhi. Diabetes Metab Syndr. 2018;12:881-84.

Levine DA, Calhoun DA, Prineas RJ, Cushman M, Howard VJ, Howard G.
Moderate waist circumference and hypertension prevalence: The REGARDS
study. Am J Hypertens. 2011;24:482-88.

Feng RN, Zhao C, Wang C, Niu YC, Li K, Guo FC, et al. BMI is strongly
associated with hypertension, and waist circumference is strongly associated
with type 2 diabetes and dyslipidemia, in Northern Chinese adults. J Epidemiol.
2012;22:317-23.

Choi JR, Koh SB, Choi E. Waist-to-height ratio index for predicting incidences of
hypertension: the ARIRANG study. BMC Public Health. 2018;18:767.

Ye S, Zhu C, Wei C, Yang M, Zheng W, Gan D, et al. Associations of Body
Composition with Blood Pressure and Hypertension. Obes Silver Spring Md.
2018;26:1644-50.

Aronow WS. Association of obesity with hypertension. Ann Transl Med.
2017;5:350.

Janssen |, Heymsfield SB, Allison DB, Kotler DP, Ross R. Body mass index and
waist circumference independently contribute to the prediction of nonabdominal,
abdominal subcutaneous, and visceral fat. Am J Clin Nutr. 2002;75:683-88.
Grundy SM, Neeland IJ, Turer AT, Vega GL. Waist circumference as measure of
abdominal fat compartments. J Obes. 2013;2013:01-09.

Hume PA, Ackland T. Chapter 3- Physical and Clinical Assessment of Nutritional
Status. In: Coulston AM, Boushey CJ, Ferruzzi MG, Delahanty LM, editors. Nutr
Prev Treat Dis Fourth Ed. Academic Press; 2017:71-84.

Dua S, Bhuker M, Sharma P, Dhall M, Kapoor S. Body Mass index relates to
blood pressure among adults. North Am J Med Sci. 2014;6:89-95.

Patel SA, Deepa M, Shivashankar R, Ali MK, Kapoor D, Gupta R, et al. Comparison
of multiple obesity indices for cardiovascular disease risk classification in South
Asian adults: The CARRS Study. PLoS ONE. 2017;12:e0174251.

Kyrou I, Randeva HS, Tsigos C, Kaltsas G, Weickert MO. Clinical problems
caused by obesity. In: Feingold KR, Anawalt B, Boyce A, Chrousos G, Dungan
K, Grossman A, et al., editors. Endotext. South Dartmouth (MA): MDText.
com, Inc.; 2000-. Available from: https://www.ncbi.nlm.nih.gov/books/
NBK278973/.

Postolache O, Mendes J, Postolache G, Girao PS. Artificial neural network
approach for obesity-hypertension classification. Biosignals. 2009:514-20.
Singh RB, Fedacko J, Pella D, Macejova Z, Ghosh S, de Amit K, et al. Prevalence
and risk factors for prehypertension and hypertension in five Indian cities. Acta
Cardiol. 2011;66:29-37.

Gupta R, Gaur K, S Ram CV. Emerging trends in hypertension epidemiology in
India. J Hum Hypertens. 2019;33:375-87.

PARTICULARS OF CONTRIBUTORS:
Demonstrator, Department of Physiology, Teerthanker Mahaveer Medical College and Research Center, Moradabad, Uttar Pradesh, India.

2. Professor and Head, Department of Physiology, Teerthanker Mahaveer Medical College and Research Center, Moradabad, Uttar Pradesh, India.
3. Assistant Professor, Department of Physiology, All India Institute of Medical Sciences, Nagpur, Maharashtra, India.

1.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Ashlesh Laxman Patil,

All India Institute of Medical Sciences, Nagpur, Maharashtra, India.
E-mail: dr.ashlesh.p@gmail.com

AUTHOR DECLARATION:

Financial or Other Competing Interests:  No
Was Ethics Committee Approval obtained for this study? Yes
Was informed consent obtained from the subjects involved in the study? Yes

For any images presented appropriate consent has been obtained from the subjects.

Journal of Clinical and Diagnostic Research. 2019 Nov, Vol-13(11): CC01-CC05

PLAGIARISM CHECKING METHODS: VanHetall

ETYMOLOGY: Author Origin

e Plagiarism X-checker: Jun 21, 2019
e Manual Googling: Sep 09, 2019
¢ iThenticate Software: Oct 03, 2019 (12%)

Yes

Date of Submission: Jun 20, 2019
Date of Peer Review: Jul 26, 2019
Date of Acceptance: Sep 20, 2019

Date of Publishing: Nov 01, 2019



