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Abstract

Background: A determinant of blood pressure is adiposity; however, there are uncertainties surrounding whether
general or central adiposity is the more important determinant of blood pressure. Further, inconsistent results
exist for the relationships of anthropometric measures with blood pressure and hypertension, and whether

these relationships differ substantially by age and sex is unclear. We aimed to elucidate the associations of
anthropometric measures of general and central adiposity with blood pressure and hypertension, and determine
the effect of age and sex on these relationships.

Methods: We used cross-sectional data from the Centre for Global Health Research health check-up survey
conducted during 2006-2007 of the general population in India (n=7 601; age 18-59 years). We examined the
associations of anthropometric measures (body mass index, waist circumference, hip circumference, waist-hip ratio,
waist-height ratio) with blood pressure components (systolic pressure, diastolic pressure, pulse pressure, mean
arterial pressure, mid-blood pressure) and hypertension within four (18-29 years, 30-39 years, 4049 years, 50—

59 years) age groups, by sex. We adjusted all analyses for education and location, with further adjustments,
variously, for either a measure of central (waist circumference) or general (body mass index) adiposity.

Results: On average, every 5 kg/m? greater body mass index or 10 cm wider waist circumference was associated
with a 5 and 4 mmHg higher systolic blood pressure, respectively. When considered separately, each anthropometric
measure was strongly and positively associated with most blood pressure components in all age groups, and for both
sexes. However, with few exceptions, when considered jointly (body mass index adjusted for waist circumference),
the associations of body mass index with blood pressure components and hypertension were greatly diminished for
both sexes, and particularly in the 230 years age groups. By contrast, further adjustment of waist circumference for
body mass index did not materially alter the associations of waist circumference with blood pressure components
and hypertension.

Conclusions: Our findings indicate that central adiposity, as assessed with anthropometric measures, may be a more
important determinant of blood pressure and hypertension than general adiposity for adults in India.
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Background

India is undergoing a rapid health transition with
substantial increases in chronic non-communicable
diseases, such as cardiovascular disease (CVD) [1, 2],
whereby elevated blood pressure and hypertension are
well-established risk factors [3—6]. High blood pressure
accounts for the greatest proportion of deaths attrib-
uted to chronic disease risk factors in India [1], and re-
cent estimates show that about 30% of the population
is hypertensive [7]. In order to abate the burden of
hypertension and related health outcomes, it is import-
ant to understand and establish the relationships be-
tween major risk factors for elevated blood pressure.
However, studies examining these relationships are
often from high income countries, thus the results may
not be generalizable to low and middle-income coun-
tries (LMIC), such as India. In spite of the need for
studies investigating the associations between risk fac-
tors for hypertension, there is limited reliable evidence
from India and other LMICs.

A main determinant of blood pressure is adiposity
[8-10], and various mechanisms have been proposed to
link different body fat distributions to blood pressure and
risk of hypertension [9, 10]. However, despite the suggested
mechanisms, there are uncertainties surrounding whether a
general or central distribution of adiposity is more strongly
associated with blood pressure. Anthropometric indices are
often used as a proxy measure of adiposity. Broadly, these
anthropometric measures of adiposity can be considered
either a measure of general adiposity, such as the body
mass index (BMI), or measures of central adiposity, such as
waist circumference (WC), hip circumference (HC), and
their ratios, waist-hip ratio (WHR) and waist-height ratio
(WHtR). Similar to the uncertainties in proposed mecha-
nisms, there are inconsistencies as to whether anthropo-
metric measures of general or central adiposity are more
strongly associated with blood pressure and hypertension
[11-14]. In addition, considerable uncertainty exists regard-
ing whether the strength of these associations differs sub-
stantially by age and sex.

Reliable assessment of the relationships of anthropo-
metric measures with blood pressure and hypertension
in India and other LMICs is of particular importance.
Clarification of these associations will contribute add-
itional evidence to aid in facilitating the allocation of re-
sources for public health promotion and prevention of
hypertension and CVD. Additionally, by improving our
understanding of whether a simple measure of general
or central adiposity is more strongly associated with
blood pressure and hypertension may help focus screen-
ing efforts and risk stratification of clinical populations
where the measurement of blood pressure is not feasible.
However, most previous studies from India are small,
from one region, provide conflicting evidence, and do
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not fully investigate the effect of age and sex on these re-
lationships [11-14]. Indeed, there is a paucity of re-
search from India that directly examines the association
of commonly used anthropometric measures of adiposity
with blood pressure and hypertension. Thus, these asso-
ciations remain inadequately characterized. Furthermore,
given the importance and potential differences in prog-
nostic value of distinct blood pressure components [sys-
tolic blood pressure (SBP), diastolic blood pressure
(DBP), pulse pressure, mean arterial pressure, mid-blood
pressure] [4, 5], it is equally important to elucidate the
relationships between anthropometric measures and
continuous blood pressure components, in addition to
hypertension.

We therefore examine the independent and joint asso-
ciation of anthropometric measures of general and cen-
tral adiposity with various blood pressure components
and hypertension, and determine the effect of age and
sex on these relationships in a sample of adults from the
general population of India.

Methods

Study design, setting and participants

We conducted a cross-sectional study investigating the
relationships between anthropometric measures of adi-
posity, blood pressure, and hypertension in India. In
order to aid in the characterization of disease and death
of individuals, households and communities, the Centre
for Global Health Research health check-up survey of
the general population of India was conducted during
2006 and 2007. Participants were recruited in four
states (Andhra Pradesh, Karnataka, Gujarat, Rajas-
than) and two union territories (Chandigarh, Delhi)
from randomly selected sampling units (within the
Registrar General of India’s “Sample Registration Sys-
tem”), which were based on the 1991 census [15].
We used data from adults 18-59 years of age from
the health check-up survey in our analyses (n=7
784). Of these participants, 119 were excluded be-
cause of pregnancy, and 64 due to missing data for
either level of education, SBP, DBP, height, weight,
WC, or HC.

Study data sources

Field teams consisting of trained surveyors visited
houses identified in their respective sampling units to
obtain consent and enroll participants (surveyors made
at least three visits to each household). All data collec-
tion was done in the household following a standard-
ized protocol. In addition to physical measurements,
participants were interviewed to obtain information on
demographic, socioeconomic, lifestyle characteristics
and antihypertensive medication use.



Taing et al. BMC Cardiovascular Disorders (2016) 16:247

Blood pressure and anthropometric measurement

Blood pressure was measured twice at heart level, in a
seated position after 5 min of rest using the Omron
(Kyoto, Japan) digital automatic blood pressure monitor.
SBP and DBP were calculated as the average of the two
readings, pulse pressure as the difference between SBP
and DBP, mean arterial pressure as a third SBP plus two
thirds DBP, and mid-blood pressure as half SBP plus half
DBP. Hypertension was defined as SBP 2140 mmHg or
DBP 290 mmHg, or reported use of antihypertensive
medication.

Height was measured with a measuring tape to the
nearest 0.1 cm. Individuals were requested to stand up-
right without footwear, with their head, back, buttocks
and heels against a wall, arms at their sides, feet together
and eyes directed forward. Height was then measured as
the distance from the top of the head to the ground.
Weight was measured on a hard level surface to the
nearest 0.1 kg using the KRUPS (New Delhi, India)
weighing scale, without footwear and only light clothing.
WC was measured to the nearest 0.1 c¢cm using a
measuring tape. Measurements were taken at the
midway point between the lower rib and iliac crest
without clothing when possible. If participant did not
want to move aside clothing, it was indicated and
measurements were taken above light clothing. HC
was measured to the nearest 0.1 c¢cm using a measur-
ing tape. Measurements were taken at the point yield-
ing the maximum circumference over the buttocks
with individuals wearing light clothing. In order to
account for clothing, 1 cm was subtracted from mea-
sured values. BMI was calculated as weight in kilo-
grams divided by the square of height in meters.
WHR was calculated as WC in centimeters divided
by HC in centimeters, and WHtR as WC in centime-
ters divided by height in centimeters.

Statistical analysis

We performed all analyses separately for men and
women. We calculated Pearson’s partial correlation coef-
ficients for the relationships between anthropometric
measures (BMI, WC, HC, WHR, WHtR) and blood
pressure (SBP, DBP, pulse pressure, mean arterial pres-
sure, mid-blood pressure), adjusted for age and location.
We used multiple linear regression models to quantify
the association between each anthropometric measure
with each continuous blood pressure component, and
Poisson regression models to quantify the relationship
between each anthropometric measure and hyperten-
sion. We evaluated age as an effect measure modifier by
including age and anthropometric measure interaction
terms in regression models, and by examining the
stratum-specific estimates by age groups (18-29 years,
30-39 years, 40—49 years, and 50—59 years).

Page 3 of 14

We estimated the means of each blood pressure com-
ponent, and calculated the prevalence ratios (PR) for
hypertension per sub-group specific standard deviation
(SD) change in anthropometric measures within each
age group. 235 individuals (3% of total) who reported
current use of antihypertensive medication were ex-
cluded from the continuous blood pressure analyses. We
used two models for all analyses, model 1 adjusted for
level of education (illiterate, primary school, middle
school, secondary school, college) and location (11 cat-
egories, representing rural/urban area of each state and
union territory), and in model 2 additional adjustments
were made for either WC or BMI. Further adjustment
for alcohol (nondrinker, current drinker) and tobacco
(nonuser, current user) use did not materially affect
these estimates (results not presented). We performed
all statistical analyses using SAS version 9.3 (SAS Insti-
tute, Cary, NC, USA), and provide estimates with their
respective 95% confidence intervals (CI).

Results

Distribution of the mean (SD) anthropometric measures,
blood pressure components, and hypertension preva-
lence by sex and age groups are presented in Table 1.
The mean age of participants was 40 (11) years. On aver-
age, blood pressure increased with age for both sexes,
with the exception of DBP, which increased until the
fourth decade and remained relatively constant between
the fourth and fifth decade. Mean blood pressure (re-
gardless of blood pressure component) was higher for
men than women in all age groups. Similarly, hyperten-
sion prevalence was higher for men than women, except
in the 50—59 years age group where it was comparable.

The means for all anthropometric measures were
lowest in the youngest age group (18-29 years) and
increased in older age groups for both men and
women. BMI and HC were similar between both
sexes in the youngest age group, and slightly higher
among women in the older age groups. By contrast,
mean WC and WHR were higher (~6-7 cm and
0.08-0.1 respectively) for men than women across all
age groups. There were no discernible differences for
mean WHtR between the sexes.

The intercorrelations of anthropometric measures and
blood pressure components are shown in Table 2.
Among the correlations, the weakest were consistently
observed between anthropometric measures and pulse
pressure.

Anthropometric measures and continuous blood pressure
The changes in SBP and DBP [mmHg per SD (95% CI)]
for each anthropometric measure by sex and age groups
are presented in Tables 3 and 4. On average, every 5 kg/
m?” greater BMI or 10 cm wider WC was associated with



Table 1 Distribution of anthropometric measures and blood pressure (n=7 601)

BMI (kg/m?) WC (cm) HC (cm) WHR WHtR SBP (mmHag) DBP (mmHg) PP (mmHg) MAP (mmHg) MBP (mmHg) HTN (%)?
Age No.
Male
18-29 1620 206 (36) 712 (98) 847 (73) 084 (0066) 043 (0058) 1232 (11.8) 747  (95) 484  (88) 909 (94 99.0 9.7) 87 (11.5)
30-39 967 219 (4.2) 772 (118 870 (81) 088 (0072) 046 (0067) 1243 (135 788 (10.5) 455  (82) 94.0 (10.9) 1016 (114) 163 (16.9)
40-49 640 22.7 (4.4) 80.8 (124) 830 (82 092 (0079 049 (0071) 1297 (189 825 (12.3) 472 (109) 983 (139 106.1 (15.0) 210 (328)
50-59 519 227 (46) 819 (134 877 (85 093 (0084) 050 (0078 1338 (2000 826 (11.8) 512 (130) 997 (13.7) 1082 (15.1) 212 (409)
Total 3746 216 (4.2) 759 (122) 863 (80) 088 (0.081) 046 (0072) 1261 (154) 782 (11.1) 479  (9.9) 94.2 (11.8) 1021 (12.5) 772 (20.6)
Female
18-29 1608 204 (40) 639 (92 842 (81) 076 (0065 042 (0060) 1126 (112) 727  (88) 400 (75) 8.0 (90 92.7 9.3) 71 (44)
30-39 992 225 4.9 699 (115 835 (9.7) 079 (0.071) 046 (0075) 1164 (134) 765 (99 399  (7.7) 89.8 (10.6) 964 (11.2) 122 (12.3)
40-49 737 238 (5.3) 739 (123) 909 (103) 081 (0078 049 (0079) 1238 (182 799 (10.7) 439  (115) 945 (12.6) 101.8  (13.8) 185 (25.1)
50-59 518 238 (56) 757 (133) 913 (113) 083 (0083) 050 (0.087) 1321 (219 816 (112) 505 (155) 984 (138 1068  (156) 202 (39.0)
Total 3855 220 4.9 689 (1200 875 (99 078 (0076) 045 (00790 1183 (165) 762 (104) 421 (105) 903 (11.8) 97.3 (12.8) 580 (15.1)

Values presented as mean (SD), unless indicated *No. (%) hypertensive. BMI body mass index, WC waist circumference, HC hip circumference, WHR waist-hip ratio, WHtR waist-height ratio, SBP systolic blood pressure,
DBP diastolic blood pressure, PP pulse pressure, MAP mean arterial pressure, MBP mid-blood pressure, HTN hypertension
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Table 2 Pearson partial correlation coefficients adjusted for age and location (n =7 366)

WC HC WHR WHIR SBP DBP PP MAP MBP

BMI Male: 0.88 0.84 0.62 0.89 0.27 034 0.06 033 032

Female: 0.86 0.85 047 087 0.26 0.34 005" 0.33 0.31

WC Male: 0.85 0.82 0.96 0.27 035 004" 0.34 033

Female: 0.82 0.74 0.96 027 0.34 0.07 033 032

HC Male: 040 0.76 0.26 0.32 005" 0.31 0.30

Female: 024 076 022 031 002" 029 027

WHR Male: 0.84 020 027 001™ 026 024

Female: 0.75 0.21 0.23 0.09 0.23 0.23

WHIR Male: 026 034 003" 033 031

Female: 0.28 034 0.08 034 032

SBP Male: 0.75 0.71 091 0.96

Female: 0.76 0.76 0.92 0.96

DBP Male: 0.07 0.96 091

Female: 0.14 0.95 091

PP Male: 0.36 047

Female: 043 0.54

MAP Male: 099

Female: 0.99

Correlations exclude those on antihypertensive medication. All correlations coefficients significant at p < 0.0001, unless indicated “p < 0.05, “p > 0.05. BMI body
mass index, WC waist circumference, HC hip circumference, WHR waist-hip ratio, WHtR waist-height ratio, SBP systolic blood pressure, DBP diastolic blood pressure,

PP pulse pressure, MAP mean arterial pressure, MBP mid-blood pressure

a 5 and 4 mmHg higher SBP, and a 4 and 3 mmHg
higher DBP, respectively. Independently, each measure
was strongly and positively associated with SBP and
DBP for both sexes across all age groups (model 1).
However, after additional adjustment for WC or BMI,
the association of each anthropometric measure with
SBP and DBP were markedly different, and largely
dependent on the age group (model 2).

Among men in the 18-29 and 30-39 years age groups,
the association between WC and SBP was slightly
weaker than the relationship between BMI and SBP. By
contrast, the association between WC and DBP was
stronger than the relationship between BMI and DBP.
Further, in the 30-39 years age group, the association
between BMI and DBP was largely diminished (3.44 to
0.52 mmHg) with the additional adjustment for WC. In
comparison, additional adjustment for BMI did not ma-
terially alter the relation between WC and DBP. Among
women in the 18-29 years age group, BMI remained sig-
nificantly associated with both SBP and DBP after
adjusting for WC. However, further adjustment for BMI
greatly reduced the strength of association of WC with
SBP and DBP, from 3.05 mmHg to 1.01 mmHg and
2.40 mmHg to 0.53 mmHg, respectively.

The additional adjustment for WC greatly attenuated
the relationship of BMI with SBP and DBP in the two
older age groups (40-49 years, 50-59 years) for both

men and women. By contrast, the association of WC
with SBP and DBP for men, and WHtR and SBP, and
WC and DBP for women were only slightly attenuated
and remained significant (p <0.05) after further adjust-
ment for BMI. Overall, the relationship of HC and WHR
with SBP and DBP diminished with additional adjust-
ment for BMI for both sexes across all age groups. Com-
parably, the associations of WHtR with SBP and DBP
were also weakened after adjustment for BMI, with the
exception of WHtR with SBP in the 50-59 years age
group for both sexes.

The analyses of the relationships of anthropometric
measures with pulse pressure, mean arterial pressure
and mid-blood pressure can be found in Tables 5, 6 and
7. The associations between anthropometric measures
and pulse pressure were weaker than those with the
other blood pressure components. There was a significant
(p < 0.05) negative association between WHtR and pulse
pressure after adjustment for BMI for men in the 18-29
[-1.53 (-243, —0.64)] and 30-39 [-1.25 (-2.45, -0.06)]
years age groups (Table 5). This negative association may
be due, in part, to the stronger relationship between
WHtR and DBP [18-29 years: 1.69 (0.80, 2.57), 30—
39 years: 3.22 (1.81, 4.64)], than WHItR and SBP [18—
29 years: 0.16 (-0.97, 1.28), 30—39 years: 1.97 (0.10, 3.84)]
in those age groups. Greater increases in DBP than SBP
per SD higher WHtR would decrease the difference
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Table 3 Mean differences in systolic and diastolic blood pressure for anthropometric measures among men (n =3 664)

mmHg per SD (95% Cl)

Systolic blood pressure

Diastolic blood pressure

Model 1 Model 2 Model 1 Model 2
Measurement (SD) Age
Body Mass Index®
(3.6 kg/m?) 18-29 407 (3.51, 462) 244 (1.36,353) 370 (3.26, 4.14) 9 (0.74, 245)
4.2 kg/mz) 30-39 444 (3.58,5.31) 242 (0.64, 4.20) 344 (2.77,4.10) 0.52 (-0.83, 1.86)
(44 kg/m?) 40-49 539 (3.83, 6.94) 211 (=139, 5.60) 4.14 (3.15,5.12) 9 (-1.10, 3.28)
(4.6 kg/m?) 50-59 4.37 (2.34, 6.40) 047 (-3.60, 4.55) 3.50 (233, 4.66) 0.89 (144, 3.23)
Waist Circumference®
(9.8 cm) 18-29 3.96 (341,457) 1.87 (0.80, 2.95) 379 (336, 4.22) 243 (1.58,3.28)
(11.8 cm) 30-39 439 (3.53,5.25) 2.29 (0,53, 4.06) 3.75(3.10, 4.40) 330 (1.97, 4.63)
(124 cm) 40-49 5.55(4.00,7.11) 367 (0.17,7.16) 4.38 (340, 5.36) 341 (1.21, 5.60)
(134 cm) 50-59 491 (2.89, 6.93) 4.50 (041, 859) 3.79 (2,63, 4.95) 3.01 (0.66, 5.35)
Hip Circumference®
(7.3 cm) 18-29 4.03 (3.46, 4.60) 1.87 (0.89, 2.85) 362 (3.17,4.08) 1.59 (0.81, 2.36)
(8.1 cm) 30-39 4.10 (3.21,4.98) 1.14 (=047, 2.74) 3.21 (2,54, 3.89) 1.04 (-0.18, 2.26)
(8.2 cm) 40-49 472 (3.12,6.33) 032 (-263,3.29) 3.52 (250, 4.54) —0.10 (-1.96, 1.76)
(85 cm) 50-59 4.62 (260, 6.64) 3.19 (=041, 6.80) 3.70 (2.54, 4.86) 256 (049, 4.62)
Waist-Hip Ratio®
(0.066) 18-29 249 (194, 3.04) 037 (-0.28, 1.02) 254 (210, 2.98) 075 (0.23, 1.26)
(0.072) 30-39 340 (2.55, 4.24) 4(0.05, 2.22) 3.21 (258, 3.84) 8 (1.06, 2.69)
(0.079) 40-49 449 (3.00, 5.98) 1.95 (-0.03,3.93) 3.74 (2.80, 4.68) 2.03(0.79,3.27)
(0.084) 50-59 3.70 (1.77, 5.63) 1.80 (068, 4.28) 268 (1.56, 3.80) 0.97 (046, 2.40)
Waist-Height Ratio®
(0.058) 18-29 3.52(297,4.07) 0.16 (=097, 1.28) 356 (3.13,3.99) 9 (0.80, 2.57)
(0.067) 30-39 4.25 (340, 5.09) 1.97 (0.10, 3.84) 363 (299, 4.26) 322 (1.81,4.64)
(0.071) 40-49 5.28 (3.76, 6.80) 295 (-0.64, 6.55) 4.19 (3.24,5.14) 3.02 (0.76, 5.28)
(0.078) 50-59 5.19(3.21,7.17) 6.44 (2.12, 10.76) 378 (264, 4.92) 3.38 (090, 5.87)

Estimates exclude those on antihypertensive medication. Model 1, estimates from multiple linear regression, adjusted for education and location. Model 2, model
1 plus additional adjustments for Waist circumference or ®Body mass index. SD standard deviation, CI confidence interval

between SBP and DBP, thus lowering pulse pressure. The
associations of anthropometric measures with mean arter-
ial and mid-blood pressure were similar to those observed
with SBP and DBP, which may be partly due to the high
correlations between these blood pressure components.
Of note, the relationship between WC and mid-blood
pressure was stronger than the association between BMI
and mid-blood pressure for men across all age groups,
and for women in the >30 years age groups.

Anthropometric measures and hypertension

Figures 1 and 2 show the PRs (95% CI) for hypertension
according to age groups for men and women, respect-
ively. Regardless of the anthropometric measure of
adiposity, all were significantly (p < 0.05) associated with
hypertension when considered separately (model 1).
Overall, the associations of central adiposity measures

(mainly WC or WHtR) with hypertension were slightly
stronger than between BMI and hypertension for both
sexes. The relationships of HC and WHR with hyperten-
sion were somewhat weaker than those observed with
WC and WHtR.

After additional adjustment for WC, the relationship
between BMI and hypertension was largely diminished
across all age groups, particularly for men (model 2).
Conversely, with a few exceptions, the relationship of
WC and WHtR with hypertension remained predomin-
antly unaffected after the additional adjustment for BML
However, for women in the youngest (18—29 years) age
group, additional adjustment for BMI reduced the
association of WC and WHtR with hypertension. In
addition, although not statistically significant (p = 0.37),
there was a slight negative association between HC and
hypertension for women in the youngest age group.
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Table 4 Mean differences in systolic and diastolic blood pressure for anthropometric measures among women (n =3 702)

mmHg per SD (95% Cl)

Systolic blood pressure

Diastolic blood pressure

Model 1 Model 2 Model 1 Model 2
Measurement (SD) Age
Body Mass Index®
(4.0 kg/m?) 18-29 332 (278, 3.86) 246 (144,347) 269 (2.27,3.12) 224 (145,3.03)
4.9 kg/mz) 30-39 540 (455, 6.25) 2.60 (0.85, 4.36) 4.79 (4.18, 540) 2.73 (148, 3.98)
(53 kg/m?) 40-49 5.03 (365, 6.42) —0.05 (=2.60, 2.49) 4.26 (348, 5.05) 0.79 (-0.65, 2.23)
(5.6 kg/m?) 50-59 3.76 (1.70, 5.83) 0.70 (-3.21, 4.62) 295 (191, 4.00) 00 (-0.98, 2.98)
Waist Circumference®
(9.2 cm) 18-29 3.05 (2,52, 3.59) 1(0.01, 2.00) 240 (197, 2.82) 053 (-0.25,1.31)
(11.5 cm) 30-39 547 (462, 6.32) 9 (1.44, 4.95) 4.74 (413, 5.35) 235 (1.10, 3.60)
(12.3 cm) 40-49 6.01 (464, 7.39) 6.06 (3.50, 8.62) 4.81 (4.04, 5.59) 4.14 (269, 5.59)
(133 cm) 50-59 5(212,6.19) 3.56 (031, 7.43) 3.12 (2,08, 4.15) 2.28 (0.32,4.24)
Hip Circumference®
(8.1 cm) 18-29 2.89(2.33,344) 041 (-0.55,1.37) 243 (2,00, 2.86) 0.60 (-0.15, 1.35)
(9.7 cm) 30-39 451 (3.65, 5.38) —0.58 (=2.28, 1.13) 4.07 (345, 469) —0.24 (-1.46, 0.98)
(103 cm) 40-49 4.69 (3.28, 6.09) 1.07 (-1.83,3.96) 397 (3.17,4.77) 091 (-0.74, 2.55)
(11.3 cm) 50-59 3.01 (1.00, 5.01) —0.35 (-4.17,347) 2.80 (1.78,3.81) 1.32 (061, 3.26)
Waist-Hip Ratio®
(0.065) 18-29 191 (137, 245) 049 (-0.10, 1.09) 3 (091, 1.76) 0.12 (-0.34,0.59)
(0.071) 30-39 4.24 (3.39, 5.09) 2.05 (1.09, 3.02) 3.50 (2.88,4.13) 7 (0.78, 2.15)
(0.078) 40-49 4.95 (359, 6.31) 344 (1,95, 4.93) 3.64 (2.85, 443) 222 (1.38,3.07)
(0.083) 50-59 337 (1.38,5.36) 223 (0.04, 442) 7 (0.84, 2.90) 0.80 (-0.32,1.91)
Waist-Height Ratio®
(0.060) 18-29 3.06 (253, 3.59) 1.08 (0.04, 2.12) 245 (2.03, 2.86) 0.72 (-0.09, 1.53)
(0.075) 30-39 531 (448, 6.14) 1(1.23, 4.80) 462 (4.02,5.21) 224 (097,351)
(0.079) 40-49 5.76 (444, 7.09) 5.75 (3.24, 8.26) 4.53 (3.78,5.28) 3.62 (220, 5.04)
(0.087) 50-59 439 (239, 6.38) 4.97 (0.92, 9.03) 297 (1.96, 3.99) 6 (—0.10, 4.03)

Estimates exclude those on antihypertensive medication. Model 1, estimates from multiple linear regression, adjusted for education and location. Model 2,
model 1 plus additional adjustments for ®Waist circumference or ®Body mass index. SD standard deviation, C/ confidence interval

Discussion

In our study, central adiposity, as assessed by WC was
more strongly associated with the majority of blood
pressure components and hypertension than general adi-
posity, as assessed by BML In addition, the relationship
of WC with blood pressure and hypertension was largely
independent of BMI. Our findings suggest that central
adiposity may be a more important determinant of blood
pressure and hypertension than general adiposity for
adults in India.

Irrespective of the anthropometric measure of adipos-
ity, when considered separately each was strongly and
positively associated with SBP, DBP, and hypertension.
Our results showed that, on average, every 5 kg/m>
greater BMI was associated with a 5 mmHg higher SBP
and a 4 mmHg higher DBP, which is similar to results
from a large study of a mainly European population [16].

However, it is well known that there are considerable dif-
ferences in body fat distribution according to ethnicity.
South Asians tend to have more abdominal adiposity
when compared with Europeans [17]. Moreover, inde-
pendent of sex, greater abdominal adiposity, whether vis-
ceral or subcutaneous is associated with many deleterious
metabolic risk factors, including higher SBP, DBP and
odds of hypertension [18]. Thus, anthropometric mea-
sures that capture central body fat distribution may be
more informative for describing adverse health outcomes
in a South Asian population.

With few exceptions, WC or WHtR was the measure
with the strongest relation to nearly all blood pressure
components independent of BMI. Among men in the
younger (18-29 and 30-39 years) age groups, the rela-
tion between WC and SBP was somewhat weaker than
between BMI and SBP. Nevertheless, in the same age
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Table 5 Mean differences in pulse pressure for anthropometric measures (n =7 366)

Male Female
mmHg per SD (95% Cl) mmHg per SD (95% Cl)
Model 1 Model 2 Model 1 Model 2
Age Measurement (SD) Measurement (SD)
Body Mass Index® Body Mass Index®
18-29 (36 kg/mz) 0.37 (-0.07, 0.81) 0.85 (-0.02, 1.72) 4.0 kg/mz) 0.63 (0.25, 1.00) 0.22 (-048, 0.92)
30-39 4.2 kg/m?) 1(045, 1.56) 1.90 (0.76, 3.04) (4.9 kg/m?) 061 (0.08, 1.14) —0.13 (-1.23,097)
40-49 (4.4 kg/m?) 5(0.31, 2.19) 102 (=1.09, 3.12) (5.3 kg/m?) 077 (=0.13,1.66)  —0.84 (—2.51,0.83)
50-59 (4.6 kg/mz) 0.87 (-048, 2.23) —042 (-3.16, 2.32) (56 kg/mz) 0.81 (=069, 2.31) —0.29 (-3.15, 2.56)
Waist Circumference® Waist Circumference®
18-29 (9.8 cm) 0.17 (-0.27,061) —0.56 (-1.42,031) (9.2 cm) 0.66 (0.29, 1.03) 048 (-0.22,1.17)
30-39 (11.8 cm) 0.63 (0.08, 1.19) —1.01 (-2.14,0.12) (11.5 cm) 0.73 (0.20, 1.26) 0.84 (-0.25, 1.94)
40-49 (124 cm) 7(0.23,211) 0.26 (-1.85, 2.37) (123 cm) 1.20 (0.30, 2.10) 2 (0.24, 3.60)
50-59 (134 cm) 3(-0.23, 248) 149 (-1.25,4.24) (133 cm) 1.04 (=045, 2.52) 8 (—1.54,4.11)
Hip Circumference® Hip Circumference®
18-29 (7.3 cm) 0.40 (-0.05, 0.86) 0.28 (-0.50, 1.07 (8.1 cm) 046 (0.08, 0.84) —0.19 (-0.86, 0.47)
30-39 (8.1 cm) 0.88 (0.32, 1.44) 0.10 (=093, 1.12 (9.7 cm) 044 (-0.08, 0.97) —0.33 (=140, 0.73)
40-49 (82 cm) 0 (0.24, 2.15) 043 (=1.35,2.20 (10.3 cm) 0.71 (-0.19, 1.62) 0.16 (-1.71, 2.03)
50-59 (85 cm) 0.92 (=043, 2.28) 0.64 (-1.78, 3.06 (11.3 cm) 021 (=1.24,1.67) —1.67 (-445,1.11)
Waist-Hip Ratio® Waist-Hip Ratio®
18-29 (0.066) —0.05 (-0.48, 0.37) —0.38 (-0.90, 0.14) (0.065) 0.57 (0.21, 0.94) 0.37 (-0.04, 0.78)
30-39 (0.072) 0.19 (-=0.35,0.72) —0.74 (=143, -0.05) (0.071) 0.74 (0.22, 1.25) 0.59 (-0.02, 1.19)
40-49 (0.079) 0.75 (-0.15, 1.64) —0.08 (-1.27,1.12) (0.078) 1.31 (044, 2.19) 2(0.24,2.19)
50-59 (0.084) 1.02 (-0.27, 2.30) 0.83 (—-0.84, 2.49) (0.083) 1.50 (0.06, 2.94) 43 (-0.16, 3.03)
Waist-Height Ratio® Waist-Height Ratio®
18-29 (0.058) —0.04 (047, 0.39) —1.53 (=243, -0.64) (0.060) 0.62 (0.25, 0.98) 036 (-0.36, 1.08)
30-39 (0.067) 0.62 (0.08, 1.16) —1.25 (-2.45, -0.06) (0.075) 0.69 (0.18, 1.21) 0.77 (-0.34, 1.89)
40-49 (0.071) 1.09 (0.18, 2.00) —0.07 (=2.24, 2.10) (0.079) 1.23 (0.36, 2.10) 2.13 (049, 3.77)
50-59 (0.078) 41 (0.07, 2.74) 3.06 (0.15, 5.97) (0.087) 141 (-0.04, 2.87) 3.01 (0.05, 5.97)

Estimates exclude those on antihypertensive medication. Model 1, estimates from multiple linear regression, adjusted for education and location. Model 2, model
1 plus additional adjustments for Waist circumference or ®Body mass index. SD standard deviation, CI confidence interval

groups, WC was more strongly associated with DBP
than BMI. Indeed, DBP may be a more important com-
ponent of blood pressure than SBP in these age groups;
since many studies have shown the significance of DBP
over SBP as the main driver of vascular risk in young
adults [19]. Moreover, WC was also more strongly asso-
ciated with mid-blood pressure than BMI for men across
all age groups. This finding could be of particular im-
portance, given that mid-blood pressure has been shown
to be a more informative component than either SBP or
DBP alone to predict vascular mortality [5].

Apart from the youngest (18—29 years) age group, the
associations between anthropometric measures and
blood pressure among women were similar to those for
men. The observed difference for younger women may
be explained, at least in part, by the marked heterogen-
eity in body fat distribution between men and women,

and differences in the rate of abdominal fat accumula-
tion. For instance, women generally have a higher per-
centage of body fat with a more peripheral distribution
as compared to men, who have a more central distribu-
tion [20]. Hence, a measure of general adiposity, such as
the BMI, may better reflect this peripheral fat distribu-
tion and be somewhat more strongly related to SBP and
DBP than WC in young women. However, independent
of body weight, an increase in abdominal adiposity oc-
curs throughout life, with rates of gain being faster for
men than women [21]. This difference in abdominal adi-
posity gain may provide an explanation for why the in-
dependent association of WC or WHtR with SBP and
DBP was observed across all age groups for men, and
not until older (=30 years) age groups for women.

The associations of anthropometric measures with
hypertension were, for the most part, comparable to
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Table 6 Mean differences in mean arterial pressure for anthropometric measures (n =7 366)

Male Female
mmHg per SD (95% Cl) mmHg per SD (95% Cl)
Model 1 Model 2 Model 1 Model 2
Age Measurement (SD) Measurement (SD)
Body Mass Index® Body Mass Index®
18-29 (3.6 kg/mz) 3.82(3.39,4.25) 8 (1.03, 2.72) 4.0 kg/mz) 290 (247,333) 231 (151,3.1)
30-39 (4.2 kg/m?) 3.77 (3.08, 4.46) 5 (=0.25, 2.56) (4.9 kg/m?) 4.99 (4.34, 5.65) 269 (1.34, 4.03)
40-49 (44 kg/m?) 455 (343, 5.67) 3 (~1.08,3.93) (53 kg/m?) 452 (3.58, 5.46) 051 (=1.20, 2.22)
50-59 (46 kg/mz) 379 (242, 5.15) 0.75 (-1.99, 3.49) (56 kg/mz) 3.22(1.94,4.57) 090 (-1.53,3.33)
Waist Circumference® Waist Circumference®
18-29 (9.8 cm) 3.85 (342, 4.27) 224 (141,3.08) (9.2 cm) 1(2.19,3.04) 0.69 (-0.10, 1.48)
30-39 (11.8 cm) 3.96 (3.29, 4.64) 297 (157, 4.36) (11.5 cm) 4.98 (4.33, 5.64) 263 (1.29,3.97)
40-49 (124 cm) 4.77 (3.66, 5.89) 349 (0.99, 6.00) (123 cm) 1(4.29,6.13) 4.78 (3.06, 6.50)
50-59 (134 cm) 4.16 (2.80, 5.52) 3.51 (0.76, 6.25) (133 cm) 346 (220, 4.73) 270 (0.30, 5.11)
Hip Circumference® Hip Circumference®
18-29 (7.3 cm) 3.76 (3.31, 4.20) 8 (0.92, 2.45) (8.1 cm) 2.58 (2.14, 3.02) 0.54 (-0.23, 1.30)
30-39 (8.1 cm) 351 (281, 4.21) 7 (—=0.20, 2.34) (9.7 cm) 4.22 (3.55, 4.88) —0.35 (-1.66, 0.96)
40-49 (82 cm) 392 (2.76, 5.08) 0.04 (-2.09, 2.17) (103 cm) 1326, 5.1 0.96 (-0.99, 2.92)
50-59 (85 cm) 4.01 (265, 537) 2.77 (0.34, 5.19) (113 cm) 287 (1.62,4.12) 0.77 (1,61, 3.14)
Waist-Hip Ratio® Waist-Hip Ratio®
18-29 (0.066) 2.53 (2,09, 2.96) 062 (0.11,1.13) (0.065) 1.53 (1.09, 1.96) 0.25 (-0.23,0.72)
30-39 (0.072) 3.27 (261, 394) 3 (0.78, 248) (0.071) 3.75(3.08, 441) 6 (0.92, 2.40)
40-49 (0.079) 399 (292, 5.07) 2.00 (058, 342) (0.078) 4.07 (3.14, 5.00) 263 (163, 3.63)
50-59 (0.084) 3.02(1.72,4.33) 4 (-043, 2.92) (0.083) 237 (1.12,362) 8 (—-0.09, 2.64)
Waist-Height Ratio® Waist-Height Ratio®
18-29 (0.058) 355(3.12,397) 8(0.30, 2.05) (0.060) 265 (223, 3.07) 0.84 (0.01, 1.67)
30-39 (0.067) 383 (3.17,4.50) 2.81(1.33,4.28) (0.075) 485 (4.21, 549) 250 (1.13, 3.86)
40-49 (0.071) 4.55 (346, 5.64) 3.00 (042, 5.58) (0.079) 4.94 (4.05, 5.83) 4.33 (264, 6.02)
50-59 (0.078) 4.25 (292, 5.59) 440 (149, 7.31) (0.087) 44 (220, 4.68) 2.97 (044, 549)

Estimates exclude those on antihypertensive medication. Model 1, estimates from multiple linear regression, adjusted for education and location. Model 2, model

1 plus additional adjustments for Waist circumference or ®Body mass index. SD standard deviation, CI confidence interval

those observed with continuous blood pressure. A slight
negative (albeit not statistically significant) relationship
was present between HC and hypertension after adjust-
ing for BMI among women in the youngest age group.
This may be due, in part, to the protective effects of an
increased HC. A larger HC for a given BMI may be

indicative of increased gluteofemoral fat, which has
been shown to be independently associated with a better
metabolic profile, and decreased odds of diabetes,
dyslipidemia, and hypertension [22, 23]. Furthermore, it
may influence blood pressure through direct effects on
vascular health, whereby increased gluteofemoral fat is
associated with lower arterial stiffness and aortic calcifi-
cation [22].

Relative to the other anthropometric measures consid-
ered in our study, the association of WHR with all blood
pressure components and hypertension was weak. The

comparative differences in central body fat distribution
may not be indicated by the WHR. For example, a simi-
lar WHR can be obtained by having both a large WC
and HC or a small WC and HC. Moreover, differences
in abdominal fat, specifically visceral adiposity may not
be aptly reflected by changes in WHR [24]. This may ex-
plain, to some extent, the weaker associations found be-
tween WHR, blood pressure and hypertension. In
comparison, after adjusting for BMI the association of
WHtR with hypertension, although attenuated, was
stronger than with HC and WHR for both sexes, espe-
cially for the oldest (50—59 years) age group. Indeed, our
results suggest that WHtR may be of particular rele-
vance in older (=50 years of age) adults. On average, in
later adulthood after peak height is reached, there is a
reduction of height with age [25]. Additionally, it has
been shown that adult height is negatively associated
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Male Female
mmHg per SD (95% Cl) mmHg per SD (95% Cl)
Model 1 Model 2 Model 1 Model 2
Age Measurement (SD) Measurement (SD)
Body Mass Index® Body Mass Index®
18-29 (3.6 kg/mz) 3.88(343,4.33) 202 (1.15, 2.89) 4.0 l<g/m2 1 (256, 345) 235(151,3.8)
30-39 (4.2 kg/mz) 3.94 (3.22, 4.66) 7 (0.00, 2.94) (49 kg/m2 5.10 (440, 5.79) 267 (1.24,4.09)
40-49 (44 kg/m?) 476 (3.54, 5.98) 0 (-1.12,431) (5.3 kg/m? 465 (361, 5.68) 037 (=153, 2.26)
50-59 (46 kg/mz) 393 (243, 544) 0.68 (—2.34,3.71) (56 l<g/m2 336 (191, 4.81) 0.85 (-1.90, 3.60)
Waist Circumference® Waist Circumference®
18-29 (9.8 cm) 3.88(343,432) 2.15(1.28,3.02) (9.2 cm) 272 (228,3.17) 0.77 (-0.05, 1.59)
30-39 (11.8 cm) 4.07 (3.36,4.78) 2.80 (1.34, 4.26) (11.5 cm) 1 (442, 5.80) 2.77 (1.35,4.19)
40-49 (124 cm) 497 (3.76, 6.18) 3.54 (0.82, 6.26) (123 cm) 1(4.39, 643) 5.10 (3.20, 7.01)
50-59 (134 cm) 435 (2.85, 5.85) 3.75(0.72, 6.79) (133 cm) 3.64 (220, 5.07) 292 (0.20, 5.64)
Hip Circumference® Hip Circumference®
18-29 (7.3 cm) 3.83 (336, 4.29) 3094, 252) (8.1 cm) 266 (2.20, 3.12) 0.50 (=0.29, 1.30)
30-39 (8.1 cm) 366 (292, 4.39) 9 (—0.24, 242) (9.7 cm) 4.29 (3.58, 5.00) —041 (=1.79,0.98)
40-49 (82 cm) 4.12 (2.87,5.38) 11 (=219, 242) (103 cm) 4.33(3.28,5.38) 099 (-1.17, 3.15)
50-59 (85 cm) 4.16 (2.66, 5.66) 2.88 (0.20, 5.55) (113 cm) 2.90 (149, 432) 049 (-2.20, 3.18)
Waist-Hip Ratio® Waist-Hip Ratio®
18-29 (0.066) 2.52 (2,06, 2.97) 0.56 (0.03, 1.08) (0.065) 162 (1.17,2.07) 0.31 (-0.18, 0.80)
30-39 (0.072) 3.30 (261, 4.00) 1 (061, 240) (0.071) 387 (3.17,457) 6 (0.98, 2.54)
40-49 (0.079) 412 (2.95,5.28) 9 (045, 3.53) (0.078) 4.29 (3.27,5.32) 2.83(1.72,3.94)
50-59 (0.084) 3.19 (1.75, 463) 8 (-0.46, 3.23) (0.083) 262 (1.21,4.03) 1 (=0.03, 3.06)
Waist-Height Ratio® Waist-Height Ratio®
18-29 (0.058) 354 (3.10, 3.98) 0.92 (0.02, 1.83) (0.060) 276 (232, 3.19) 0.90 (0.04, 1.76)
30-39 (0.067) 394 (3.24, 463) 260 (1.05, 4.15) (0.075) 4.96 (4.29, 5.64) 263 (1.18,4.07)
40-49 (0.071) 4.73 (3.55,592) 2.99 (0.19, 5.79) (0.079) 515 @41 13) 4.69 (2.82, 6.55)
50-59 (0.078) 449 (3.01, 5.96) 491 (1.70, 8.13) (0.087) 3.68 (228, 5.08) 347 (061, 633)

Estimates exclude those on antihypertensive medication. Model 1, estimates from multiple linear regression, adjusted for education and location. Model 2, model

1 plus additional adjustments for Waist circumference or ®Body mass index. SD standard deviation, CI confidence interval

with SBP and pulse pressure, and the strength of these
associations increases with age [26]. Thus, it is possible
that the association between WHtR and hypertension
may be augmented by the concomitant increases in ab-
dominal adiposity, reflected by a larger WC, and de-
creases in height with age. Accordingly, when compared
with the other anthropometric measures, WHtR was
more strongly associated with both SBP and pulse pres-
sure after the additional adjustment for BMI in the old-
est age group. A stronger association between WHtR
and pulse pressure among older adults may be of par-
ticular relevance, due to the relationship between pulse
pressure and higher CVD risk in this subgroup [27, 28].
Several mechanisms that link greater adiposity to ele-
vated blood pressure and risk of hypertension have been
proposed [9, 10]. In light of our findings, mechanisms
that relate general adiposity to blood pressure may be of

particular relevance for young (<30 years of age) adult
women. However, in general, our results suggest that
blood pressure may predominantly be associated with
abdominal adiposity in adults. Of these mechanisms, in-
creased blood pressure may be the results of oxidative
stress, inflammation or physical compression of the
kidneys by excess abdominal adiposity, particularly vis-
ceral adiposity [9]. For instance, excess visceral and
retroperitoneal fat, along with physical compression,
may infiltrate the kidneys, leading to impaired pressure
natriuresis and hypertension [9]. Nonetheless, further
clarification of the potential sex and age related differ-
ences in mechanisms linking body fat distribution and
blood pressure in India, and elsewhere are warranted.
Our study has some limitations that should be consid-
ered when interpreting the results. First, the cross-
sectional design does not allow for causal inferences to
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B Model 1, adjusted for education and
location
® Model 2, model 1 plus adjustment for
WC or BMI as indicated
Age Group  Measurement (SD) PR (95% ClI) :
Body Mass Index® :
18-29 (3.6 kg/m?) 1.64 (1.50, 1.79) ) —a—
0.99 (0.79, 1.26) —
30-39 (4.2 kg/m?) 1.46 (1.32, 1.62) — .
1.12 (0.88, 1.42) —_—
40-49 (4.4 kg/m?) 1.33(1.20, 1.47) —n—
0.91(0.72, 1.16) —i—
50-59 (4.6 kg/m?) 1.25(1.15, 1.37) .
1.07 (0.88, 1.30) ———
Waist Circumference®
18-29  (9.8cm) 1.74 (1.59, 1.91) —a—
1.75(1.37,2.23) ®
30-39  (11.8cm) 1.51(1.34, 1.69) —a—
1.36 (1.06, 1.74) C-
40-49  (12.4cm) 1.41(1.27, 1.57) ——
1.54(1.21, 1.96) ®
50-59 (13.4cm) 1.30(1.17, 1.45) —a—
1.22(0.97, 1.54) S
Hip Circumference® s
18-29  (7.3cm) 1.74 (1.57, 1.93) : —a—
1.37(1.11, 1.70) P————————
3039 (8.1cm) 1.46 (1.28, 1.68) S —
1.13 (0.88, 1.44) —
40-49  (8.2cm) 1.27 (1.15, 1.40) Po—.—
0.97 (0.79, 1.18) —_—
50-59  (8.5cm) 1.22 (1.11, 1.34) e
0.99 (0.81, 1.21) ———
Waist-Hip Ratio® :
18-29  (0.066) 1.49 (1.35, 1.64) —a—
1.23(1.09, 1.38) ——
30-39  (0.072) 1.45(1.27, 1.64) —a—
1.23(1.04, 1.45) _
40-49  (0.079) 1.40 (1.26, 1.55) —a—
1.29(1.13, 1.47) ——
50-59  (0.084) 1.28 (1.14, 1.45) —n—
1.17 (1.01, 1.35) — ——
Waist-Height Ratio®
18-29  (0.058) 1.67 (1.53, 1.82) —a—
1.52(1.19, 1.94) @
30-39  (0.067) 1.50(1.34, 1.68) —a—
1.37(1.03, 1.82) <
40-49  (0.071) 1.38(1.25, 1.54) —a—
1.46 (1.14, 1.88) : °
50-59  (0.078) 1.32(1.19, 1.46) —a—
1.40 (1.08, 1.82) : @
0.5 1. 2.5
PR (95% CI)
Fig. 1 Prevalence ratios for hypertension per SD of each anthropometric measure among men (n = 3 746). Additional adjustment for *WC or
PBMI. PR, prevalence ratio; WC, waist circumference; BMI, body mass index; SD, standard deviation; Cl, confidence interval
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Age Group
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50-59

18-29
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Fig. 2 Prevalence ratios for hypertension per SD of each anthropometric measure among women (n = 3 855). Additional adjustment for *WC or

Measurement (SD)
Body Mass Index®
(4.0 kg/m?)

(4.9 kg/m?)

(5.3 kg/m?)

(5.6 kg/m?)

Waist Circumference®
(9.2cm)

(11.5cm)

(12.3 cm)

(13.3cm)

Hip Circumference®
(8.1cm)

(9.7 cm)

(10.3 cm)

(11.3cm)
Waist-Hip Ratio®
(0.065)

(0.071)

(0.078)

(0.083)
Waist-Height RatioP
(0.060)

(0.075)

(0.079)

(0.087)

PR (95% Cl)

B Model 1, adjusted for education and

location

® Model 2, model 1 plus adjustment for

WC or BMI as indicated

1.55 (1.36, 1.77) —.
1.38 (0.98, 1.95) ®
1.86 (1.61, 2.14) —
1.30(0.97, 1.75) S
1.43 (1.28, 1.59) : ——
0.98 (0.79, 1.21) ——
1.33 (1.22, 1.46) . ——
1.09 (0.92, 1.28) ———
1.54 (1.31, 1.80) : — =
1.14 (0.79, 1.64) °
1.94 (1.68, 2.24) . E—
1.53 (1.14, 2.06) ®
1.59 (1.41, 1.79) : —a
1.62 (1.30, 2.03) : ®
1.40 (1.25, 1.56) ——
1.29 (1.06, 1.57) P ————
1.48 (1.23, 1.77) —a—
0.85(0.59,1.22) ———eo—i——
1.74 (1.50, 2.02) o
0.94 (0.69, 1.28) —
1.38 (1.24, 1.54) —a—
1.00 (0.77, 1.30) N
1.32(1.21, 1.43) —a—
1.17 (0.96, 1.42) ———
1.40 (1.20, 1.63) —a—
1.16 (0.96, 1.41) ———
1.61 (1.42, 1.83) ——
1.27 (1.09, 1.48) P —e——
1.44 (1.28,1.62) —a—
1.32(1.17, 1.49) P —e—
1.19 (1.06, 1.33) P —-—
1.08 (0.97, 1.20) +—
1.55 (1.32, 1.82) : —a—
1.18 (0.80, 1.75) °
1.88 (1.63, 2.16) .
1.47 (1.08, 2.00) : ®
1.56 (1.39, 1.76) o
1.56 (1.26, 1.95) °
1.38(1.25, 1.53) —a—
1.31(1.06, 1.62) P—————

0.5 1.5

PR (95% Cl)

PBMI. PR, prevalence ratio; WC, waist circumference; BMI, body mass index; SD, standard deviation; Cl, confidence interval

2.5
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be made about the relationships of adiposity with blood
pressure and hypertension. Second, there may be other
confounding factors than those available for consider-
ation in our study. However, the largely causal associ-
ation between adiposity and blood pressure is well
established [8]. Thus, it can be speculated that excess
adiposity precedes increased blood pressure and hyper-
tension. Moreover, because of the predominantly causal
relationship between adiposity and blood pressure, add-
itional adjustment for other potential confounding fac-
tors may do little to alter these relationships. Indeed,
additional adjustments for alcohol consumption and to-
bacco use did not materially affect the estimates or alter
the observed associations. Third, although effort was
made to obtain all circumference measurements on bare
skin, some participants did not want to move aside their
light clothing, which may be partly due to cultural rea-
sons. Nevertheless, clothing was accounted for by sub-
tracting 1 cm from measured values. Fourth, even though
our study used measured blood pressure, it was only mea-
sured during one occasion. In comparison, the use of am-
bulatory blood pressure monitoring may provide better
prognostic value [29]. Despite this, large studies have
demonstrated the utility of blood pressure measurements
obtained during a single occasion for the prediction of
CVD risk [3-6]. Additionally, ambulatory blood pressure
monitoring is not as feasible in LMICs, such as India.
Lastly, no direct measure of body composition was done.
Hence, it is important to keep in mind that although an-
thropometric measures correlate well with body fat; there
is variation in body composition for a given value of any
particular anthropometric measure of adiposity [21]. Not-
withstanding these limitations, our findings provide guid-
ance for future prospective studies of the relationships
between adiposity, its distribution, and CVD risk in India.
Further, our study is much larger than previous studies
[11-14], and is a sample of the general population of men
and women from different regions of India.

Conclusion

In summary, we provide evidence for the discrete rela-
tionships between anthropometric measures of general
and central adiposity with various blood pressure com-
ponents and hypertension in India. Greater emphasis
should be placed on measures of central adiposity, such
as WC and WHtR for both sexes, than BMI as an adi-
posity measure in future studies investigating the associ-
ations between risk factors for high blood pressure and
CVD outcomes.
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