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ABSTRACT

Hypertension is among the most important risk factors for cardiovascular diseases. It
was found that subjects who do vigorous physical activity, have brought down mortality and
lowered the danger of cardiovascular sicknesses and are termed to be physically fit. The present
study estimates the blood pressure level among all the physically active Garo women who have
self-claimed to be physically fit. The aim of this paper is to see whether the prevalence of
hypertension is found among the physically fit individuals or is only confined to unfit
individuals among the study population. Data for the present cross - sectional study involving
862 plain Garo women of 18-70 years were collected from villages in the district of Kamrup
in Assam, India. Anthropometric measurements, including Height, Weight, circumferences
(arm, chest, waist, hip, calf) and indices like body mass index, waist to height ratio, waist to
hip ratio, conicity index, body adiposity index and Physiometric measures including blood
pressure (Systolic/diastolic) were measured. The blood pressure (systolic/diastolic) correlated
positively with age. There was a high prevalence of systolic (43.8%) and diastolic blood
(43.75%) pressure in the age group 50 — 54 years. Height was found to have a significant
negative correlation with systolic/diastolic blood pressure. The highest prevalence of
hypertension [Systolic: 33.03% (BMI) and 36.95% (BAI); diastolic: 39.14%(BMI) and
42.86%(BAI)] was found in the overweight/obese category. Among the underweight and
normal categories more than 15% and 20% prevalence respectively were seen. The results of
the CCA indicate that the present model explained around 0.9031 proportion of variance of the
physiometric measures from anthropometric variables. The model also depicts that the most
significant predictors of physiometric measures were Body Adiposity Index, Weight Height
Ratio and Waist Circumference. The Garo women despite being absolutely fit physically are
still wrangled by the triple burden of underweight, overweight and hypertension.
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INTRODUCTION

A large waistline and high blood
pressure (BP) are risk factors that if not
addressed can increase the risk of non -
communicable diseases (NCDs) like heart
disease, stroke and diabetes.! Most NCDs
are caused by activity behaviours which in
turn cause changes in BP and adiposity
status. One of the global targets for NCDs
is to reduce the prevalence of hypertension
by 33% between 2010 and 2030.*Nearly
63% of total deaths in India are due to
NCDs, of which 27% are attributed to
cardiovascular disease (CVD) which
affects 45% of people in the 40-69 age
group. Raised BP is among the most
important risk factors for CVDs.?

During the last few decades, it has
been found that subjects who do vigorous
physical activity, have brought down
mortality and lowered the danger of
cardiovascular and metabolic
sicknesses.*Physically active people are
generally termed to be physically fit too. To
be physically fit one should have a healthy
body composition which is determined by
the relative amount of body fat, muscle,
bone mass, and flexibility.’Even though, in
certain  populations a  considerable
percentage of hypertension has been found
to be present among the
underweight/normal weight individuals and
among people categorised in the no risk
category. Hypertension, a direct indicator
of CVD, has been strongly implicated in the
increased prevalence of
overweight/obesity®® and
undernutrition.*!°

The possible risk of CVD was found
among both  overweight/obese and
underweight individuals of certain tribes in
India by Kshatriya et al. !' Lalnuneng, 2021
showed an age dependent rise in mean SBP
and a gradual decrease in DBP.!? Das et al.
reported an inverse association between
height and mean BP of the women, and

higher prevalence of hypertension among
short women.!? Islam et al. and Norbert et
al. found a divergent association between
height with BP, among females and
concluded that the calibre of coronary
arteries in females is smaller than males
which might increase the risk of having
higher SBP among females.'%!3Studies
among an Asian population by Linderman
reported a strong association between BMI
and BP.!6

Meshram et al. through their study
found an increasing prevalence of
overweight and hypertension among
women from Northeast India, though it was
lesser than the national average. Prevalence
of hypertension was found to be 15%
among the Khasi women in Meghalaya and
17% among the Chakesang women in
Nagaland.!” In another study by Meshram
et al. prevalence of hypertension was found
to be 18% among women from rural
Northeast India (Arunachal Pradesh and
Meghalaya).!® Study carried out by Borah
et al. among hill tribe of Mizoram reported
12% prevalence of hypertension.!” In a
study conducted in Manipur, overweight
and obese were 7.39 times more likely to
have stage Il hypertension. 2°

As per NFHS — 5, 22.2% of women
in Kamrup District (Rural) were found to be
having elevated blood pressure (systolic
>140 mm of Hg and diastolic >90 mm of
Hg)?'.

Physically active individuals avoid
hypertension only if fitness is high.??Fitness
is a trait that reflects a combination of
activity behaviours, genetic potential, and
functional health of various organ
systems.>*Numerous cross-sectional
studies have described a relationship
between reduced fitness and blood pressure
or hypertension.?*?*Furthermore, large
cohort studies have demonstrated that low
fitness precedes new-onset of
hypertension,”’** even in normotensive
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populations,®' and among persons with an
elevated risk for hypertension.3?

Thus the present study delves into
estimating the BP status among all the
physically active Garo women who have
self claimed to be physically fit and do all
their daily activities without any lethargy or
tiredness. Apart from doing household
chores and taking care of the family
members, working in the agricultural fields,
in the orchards or collecting firewood from
nearby hills and walking to and from
agricultural fields and the hills are also a
major part of their daily activities. Keeping
this in mind the main aim of this paper is to
see whether the prevalence of hypertension
is found among physically fit individuals or
is only confined to  unfit
(overweight/obese) individuals among the
study population.

It 1is necessary to identify
individuals and populations at risk for
implementing any strategies for controlling
and preventing hypertension in both
overweight and underweight. The present
study would therefore provide a better
insight into improving and understanding
the association between BMI and BP.

METHODS

The Garos are a Tibeto-Burman
ethnic group who call themselves A4-chik
Mande (literally a-chik“hill
people”andmande*“people”)>. They are one
of the few matrilineal tribes in the world.
The Garos are mainly distributed in
Meghalaya, districts of Assam (Kamrup,
Goalpara, Karbi Anglong) bordering
Meghalaya and Nagaland (Dimapur).
Substantial numbers (about 200,000) are
found in several districts of Bangladesh too.
According to the Census of India, 2011
there are approximately 26,000 Garos in
Kamrup (Rural)*.

Data for the present cross- sectional
study was collected from 862 plain Garo
women with the age ranging from 18-70
years. Ten villages are included in the

study. The villages are about 70-75 km
away from Guwabhati city which falls under
the Kamrup district of Assam, India.

Purposive sampling has been used
in the study to select the villages and
anyone willing to participate as per their
convenience and availability provided they
fell within the inclusion criteria were
included in the study. Pregnant and sick
individuals were excluded from the survey.
The sample size of the present study is a
proportional representation of the total
female Garo population of
12,7593%calculated using Open Epi open-
source software version 3.01, 2006. The
sample of the present study falls under 99%
confidence interval of the total population.
The anticipated percentage frequency is
50%, design effect (DEFF) is 1.0 and
precision is  5%. Anthropometric
measurements were taken and interview
was conducted after taking the written
consent. Age of the women was collected
after verifying the written record. For those
women who did not have a birth record,
their ages were estimated by referring to
some important local events.

Blood pressure was measured using
a standard Omron digital blood pressure
monitor on the left arm using a calf of
appropriate size with the subject in a sitting
position. The American Heart Association
classification was used to categorise the BP
values®®. Height was measured without
shoes to the nearest 0.10 cm using an
anthropometer. The weight (Wt) was
measured with a portable analogue
weighing machine to the nearest 0.5 kg.
Circumferences were measured using a
plastic coated non-stretchable measuring
tape. MUAC simply known as arm
circumference was taken at the point
midway between the acromion and the
radiale of the wupper arm. Chest
Circumference (CC) was measured by
placing one end of the measuring tape at the
fullest part of the bust and wrapping it
around (under the armpits, around the
shoulder blades, and back to the front). The
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average between measurements taken
during deep inspirium and deep expirium
was recorded. Waist Circumference (WC)
was measured at the minimum
circumference between the last rib and the
iliac crest. The cut off used for WC is 80
cm®, Hip Circumference (HC) was
measured at the maximum protuberance of
the buttocks. Calf Circumference (CC) was
measured with tape at the maximum
circumference in the plane perpendicular to
the longitudinal line of the calf.

The indices such as Body Mass
Index (BMI), Waist — Height Ratio
(WHtR), Conicity Index (CI),”Waist — Hip
Ratio (WHR), and Body Adiposity Index
(BAI)*® were also calculated. The cut-offs
given by WHO for the Asian population
was the classification used for BMIL,**for
WHtR 0.5 was used as cut-off*** for CI
cut-off for women was 1.18*?and WHR cut-
off for women was 0.85 cm?®. For BAI the
classification proposed by Gallagher et al.*3
for women was used.

Descriptive statistics were
computed for all the physiometric and
anthropometric ~ measures.  Pearson’s
correlation  analysis and  Canonical
correlation analysis (CCA) were performed
to understand the bivariate relationship and
overall relationship between physiometric

measures and anthropometric
measurements of an individual
respectively. CCA indicates the

relationship between two sets of variables
1.e. first set consists of physiometric
measures and the second set consists of all
anthropometric measurements and age. The
first canonical function is chosen because it
has the highest correlation value and can
explain the majority of the variation in the
dependent set. Canonical loadings depict
the correlation between observed variables
with the same set of canonical variates. On

the other hand, canonical cross loadings
show correlation between observed
variables with the opposite set of canonical
variables**. All the statistical analyses have
been done using SPSS software 17.0 (SPSS
Inc., Chicago, IL, USA) and SAS software
9.0 (SAS Institute Inc., Cary, NC, USA).
The ethical approval for this study
was granted by Institutional Ethical
Committee (IEC), Gauhati University
(Reference no. GUIEC/2021/030).

RESULTS

The descriptive  statistics  of
physiometric and anthropometric measures
are described in Table 1. The mean SBP
rises with age till 39 years maintaining a
normal BP. After 40 years the women start
exhibiting elevated SBP till 59 years and
after reaching 60 years there is a sharp rise
in SBP entering Hypertension Stage I (HS
I). The mean DBP keeps on rising till 54
years then decreases gradually. Waist
circumference remains normal till 49 years
of age after which it slightly crosses the 80
cm cut-off mark. The women have normal
BMI till 34 years of age, and then it starts to
increase from 35 to 54 years and again
comes back to normal in the later age
groups. The overall mean values of WHR,
WHItR, and CI are above the reference cut-
off value. Except in the age group 18-19
years for WHR and CI and till 29 years of
age for WHtR the rest of the mean values
indicate that the women are at risk of
metabolic and cardiovascular diseases. The
BALI is normal for all age groups. Result of
one way ANOVA shows that mean values
of all the physiometric and anthropometric
measurements are significantly
heterogeneous over age groups.
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Table 1: Age trends of physiometric measures and anthropometric measures.

Age Total 18-19 20-24 25-29 30-34 35-39 40 - 44 45-49 50-54 55-59 60-70 ANOVA
groups mean
Total 862 60 100 100 93 100 82 86 80 80 81
\ = SBP X+ 120.85 111.98 112.25 114.29 115.74 119.34 122.90 123.85 126.15 129.51 134.85 F=19.378
‘% § 5 ' SD +17.41 +11.79 £1032 +£13.03 +12.03 £13.82 +18.05 +18.03 +1739 +£19.14 +22.89 p <0.001
é’ % g DBP X+ 76.31 % 7125+ 7135+ 7334+ 7435+ 7753+ 7769+ 7924+ 8043+ 7810+ 7730+ F=9.773
SD 10.66 8.97 7.92 9.66 8.11 9.37 11.46 11.90 10.49 9.97 13.48 p <0.001
Height X+ 148.88 150.28 150.39 149.61 149.28 149.00 149.00 148.66 148.46 147.05 146.87 F=4.340
SD +5.23 +5.26 +4.90 +4.85 +5.03 +5.23 +4.54 +5.02 +7.00 +5.89 +4.69 p <0.001
Weight X+ 4990+ 4550+ 47.16x 48.11%+ 5121+ 51.54+ 51.18+ 5145+ 5326+ 49.09+ 48.62+ F=5.876
SD 9.39 7.99 7.96 8.03 9.60 8.87 9.70 9.70 10.21 8.82 10.44 p <0.001
Arm X+ 25.99 + 2396+ 2456+ 2522+ 2677+  26.79 + 2680+ 27.10+ 27.17+ 2603+ 2553+ F=11.794
SD 3.04 2.16 2.29 2.96 293 3.26 2.87 3.08 3.13 2.65 3.04 p <0.001
3 Chest X+ 87.26 £ 84.14+ 8420+ 8549+ 8891+ 8895+ 88.95 + 88.96+ 9093+ 8648+ 86.35% F=5.049
% SD 8.48 5.35 6.85 7.46 8.53 8.08 8.54 9.04 9.46 8.86 9.75 p <0.001
8 Waist X+ 77.18 £ 69.98 72.18 7325+ 77.38 77.94 77.59 79.63 82.79 80.76 80.05 F=12.562
g SD 10.72 +6.98 +7.85 834 £1097 +£9.99 +£10.14 £1099 +£11.90 +£1148 +£11.42 p <0.001
2 Hip X+ 89.20 + 83.76 8531 8580+ 90.15 90.51 90.24 90.41 90.53 + 90.07 90.01 F=12.692
© SD 8.47 +6.05 +6.31 6.58 +8.61 +8.12 +8.10 +8.51 8.91 + 8.68 +9.37 p <0.001
Calf X+ 32,19+ 31.51+ 31.65 31.93 32.05 32.57 32.68 32.83 33.57 32.02 30.85 F=4.586
SD 3.02 2.45 +2.77 +3.03 +2.94 +2.78 +2.95 +3.03 +3.36 +2.90 +3.26 p <0.001
BMI X+ 22.51+ 20.15+ 2085+ 2149+ 2298+  23.05+ 2322+ 2328+ 2416+ 2270 2254+ F=8.622
SD 3.94 3.43 3.14 3.32 3.95 3.75 3.95 4.55 4.23 +3.37 4.11 p <0.001
WHIR X+ 052+ A7+ A48+ 49+ 52+ 52+ 52+ 54+ 56+ 55+ 55+ F=5.596
" SD 0.07 .05 .05 .05 .07 .07 .07 .08 .08 .07 .08 p <0.001
§ WHR X+ 0.86 = 84+ 85+ 85+ 86+ 86+ 86+ 86+ 91+ 90 + 90 + F=15.888
E SD 0.06 .07 .06 53 .06 .05 .05 .05 .06 .07 .07 p <0.001
CI X+ 1.22 + 1.17 1.18 + 1.19 + 1.22 + 1.21+ 1.22 + 1.24+ 1.27 + 1.27+ 1.28 + F=13.809
SD 0.10 .09 .08 .08 .09 .09 .08 11 .10 13 11 p <0.001
BAI X+ 31.10 2747+ 2826+ 28.89+ 31.62+ 31.57+ 31.62+ 31.87+ 32,04+ 3251+ 3257+ F=18.993
SD 4,85 3.42 3.53 3.64 4.69 4.66 4.39 5.36 5.03 4.47 4.85 p <0.001
P < 0.05 is significant
The prevalence of  systolic hypertension also increases with age. The
hypertension keeps on increasing from age group 50-54 years shows the highest
lower to higher age group as shown in Table prevalence followed by the age group 40 —
2. Women aged 60-70 years show the 44 years. No women fell in the hypertensive
highest prevalence followed by age group crisis category.
50-54 years. Prevalence of diastolic
Table 2: Prevalence of different levels of blood pressure by age
Variables Category No. of 18-19 20-24 25-29 30-34 35-39 40 - 44 45-49 50 - 54 55-59 60 - 70
women
Total 862 60 100 100 93 100 82 86 80 80 81
Low 6(.7) 3(5.0) 1(1.0) 1(1.0) 1(1.1) - - - - - -
SBP Normal 478(55.5)  43(71.7)  75(75.0) 70(70.0)  61(65.6) 59(59.0)  40(48.8)  40(46.5)  31(38.6)  36(45.0)  23(28.4)
Elevated 161(18.7)  8(13.3) 17(17.0) 17(17.0)  20(21.5)  19(19.0) 1923.2)  20(23.3)  14(17.5)  13(16.3)  14(17.3)
Hypertension  217(25.2)  6(10.0) 7(7.0)  12(12.0)  11(11.8)  22(22.0) 23(28.1)  26(30.2)  35(43.8)  31(38.8)  44(54.3)
Hypertensive - - - - - - - - - - -
crisis
DBP Low 25(2.9) 5(8.3) 9(9.0) 4(4.0) 2(2.15) 1(1.0) 1(1.23) 1(1.16) - 1(1.25) 1(1.23)
Normal 573(66.5) 45(75.0) 7A(74.0) 74(74.0) 71(76.34) 65(65.0) 48((58.53) 52(60.46) 45(56.25)  50(62.5) 49(60.49)
Elevated - - - - - - - - - - -
Hypertension ~ 264(30.6)  10(16.7)  17(17.0)  22(22.0) 20(21.51) 34(34.0)  33(40.24) 33(38.37) 35(43.75) 29(36.25) 31(38.27)
Hypertensive - - - - - - - - - - -

Crisis

The relative importance of MUAC,
WC, WHtR, WHR, CI, BMI, and BAI as

predictors of systolic hypertension (SH)
and diastolic hypertension (DH) are shown
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in Table 3. The prevalence of SH and DH
were found to be more among women who
were at risk of developing metabolic
complications, calculated as per WC,
WHtR, WHR, and CI than those who were
not at risk. The prevalence of SH and DH
was found to be highest among overweight/
obese women than in other categories, as

calculated by BMI and BAI. Though the
prevalence of hypertension among the
women in the underweight and normal
categories cannot be ignored as they
showed more than 15% and more than 20%
prevalence respectively as calculated by
MUAC, BMI, and BALI.

Table 3: Prevalence of blood pressure (SBP and DBP) by various anthropometric

parameters.
SBP Total DBP
Low Normal Elevated Hypertension Low Normal Elevated Hypertension
MUAC Under- - 40(64.52) 11(17.74) 11(17.74) 62 3(4.84) 43(69.35) - 16(25.81)
nourished
normal 6(0.75)  438(54.75)  150(18.75) 206(25.75) 800  22(2.75)  530(66.25) - 248(31.00)
WC No risk 6(1.07)  346(61.90) 96(17.17) 111(19.86) 559 22(3.94)  390(69.77) - 147(26.30)
Increased risk/ - 132(43.56) 65(21.45) 106(34.98) 303 3(0.99)  183(60.40) - 117(38.61)
Substantially
Increased risk
WHtR Normal 5(1.28)  257(65.90) 66(16.92) 62(15.90) 390 17(4.36)  278(71.28) - 95(24.36)
High 1(0.21)  221(46.82) 95(20.13) 155(32.84) 472 8(1.69) 295(62.5) - 169(35.81)
WHR No risk 4(1.14)  218(62.29) 58(16.51) 70(20.00) 350 11(3.14)  247(70.57) - 92(26.29)
Substantially 2(0.39)  260(50.78)  103(20.12) 147(28.71) 512 14(2.73)  326(63.67) - 172(33.59)
Increased risk
CI Normal 4(1.38)  196(67.82) 45(15.57) 44(15.22) 289 7(2.42)  218(75.43) - 64(22.15)
High 2(0.35)  282(49.21)  116(20.24) 173(30.19) 573 18(3.14)  355(61.95) - 200(34.90)
BMI Underweight 1(0.87) 71(61.74) 23(20.00) 20(17.39) 115 6(5.22) 78(67.83) - 31(26.96)
Normal 5(1.19)  258(61.43) 68(16.19) 89(21.19) 420 18(4.29)  297(70.71) - 105(25.00)
Overweight/ - 149(45.57) 70(21.41) 108(33.03) 327 1(0.31)  190(58.10) - 128(39.14)
obese
Total 6 478 161 217 862 25 573 - 264
BAI Underweight - 1(50) 1(50) - 2 - 2(100) - -
Healthy 3(0.51)  350(58.92)  106(17.85) 135(22.73) 594 19(3.20)  409(68.86) - 166(27.95)
Overweight/ - 82(40.39) 46(22.66) 75(36.95) 203 1(0.49)  115(56.65) - 87(42.86)
obese
Total 3 433 153 210 799% 20 526 - 253

*the total number of women is less than the other indices because in the BAI classification ages form 20 to 79
years are considered.

The results of Pearson’s correlation
co-efficients (r) between physiometric
measurements and anthropometric
measurements including age among the
Garo women show a statistically significant
positive correlation between age and SBP
and DBP (Table 4). On the other hand, a

statistically significant positive correlation
was found between all anthropometric
measurements and physiometric
measurements except height. WHtR is
strongly correlated with SBP and DBP
among all the other anthropometric
measurements followed by BAI and WC.
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Table 4: Pearson’s correlation co-efficient (r) between physiometric (dependent) and
anthropometric (independent) measurements including age among the Garo women.

Parameters SBP DBP
Age 0.412%%* 0.279%%*
Height -0.088%* -0.049
Weight 0.205%%* 0.175%%*
o Arm 0.216%* 0.187%%*
S Chest 0.222%% 0.188**
£ 3 Waist 0.300%* 0.248%*
2~ Hip 0.282%* 0.229%*
© Calf 0.107%* 0.107%*
BMI 0.250%%* 0.206%*
% WHIR 0.319%* 0.259%*
S WHR 0.204%** 0.173%*
= CI 0.258%* 0.207%%*
BAI 0.317%* 0.247%%

**correlation is significant at the 0.01 level (2-tailed)
*correlation is significant at the 0.05 level (2-tailed)

The results of CCA between two
sets of variables are described in Table 5.
The CCA is restricted to deriving two
functions because the dependent set
contained two variables. The first and

second canonical functions show 0.42272
and 0.14658 correlations and represented
0.9031 and 0.0968 proportion of variance
respectively. Function one is statistically
significant with the p value < 0.001.

Table 5: Canonical Correlation Analysis (CCA) of physiometric measurements and
anthropometric measurements including age of Garo women.

Canonical Canonical | Eigen | Proportion | Cumulative | F-value | P value
function correlation | value proportion

1 0.42272 | 0.20477 | 0.9031524 | 0.9031524 | 7.14121 | <0.001

2 0.14658 | 0.02196 | 0.0968476 100 | 1.55170 0.101

The loadings and cross loadings of
the variables for the first canonical function
in CCA of the Garo women are shown in
Table 6. The loadings of the variables for
the first function reveal that the most
important variable for the anthropometric
set was BAI (loading: 0.7393) followed by
WHtR (loading: 0.7388) and WC (loading:
0.6866). On the other hand, loading values
of the variables for the first function reveal

that SBP and DBP more or less contribute
equally to the set of dependent variables
(SBP loading: 0.9842 and DBP loading:
0.7375). The cross loadings of the variables
for first function reveal that the most

important variables for physiometric
measurements ~ were the  following
anthropometric measurements — BAI

(loading: 0.3152), WHtR (loading: 0.3149)
and WC (loading: 0.2927)
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Table 6: The loadings and cross loadings of the variables for the first canonical function in

canonical correlation analysis

Variables Loadings Cross-loadings
Dependent variable ~ Physiometricmeasures SBP 0.9842 0.4195
DBP 0.7375 0.3144
Height -0.2258  -0.0963
Weight 0.4625 0.1971
© = Arm 0.4894 0.2086
E B Chest 0.5036 0.2147
g E g Waist 0.6866  0.2927
2 2 Hip 0.6501 0.2771
- © Calf 0.2255  0.0961
2 BMI 0.5709 0.2434
'?é § WHtR 0.7388 0.3149
— a= WHR 0.4624 0.1971
= CI 0.5951  0.2537
BAI 0.7393 0.3152

DISCUSSION lowers DBP.**The overall mean SBP and

The present study estimates the BP
status among all the physically active Garo
women who have claimed to be physically
fit and seeks to understand whether the
prevalence of hypertension is only confined
to the overweight or is found among the
normal and underweight too. The findings
reveal that with an increase in age SBP
increases, while DBP keeps on rising till the
mid-50s and then decreases gradually. A
high prevalence of SBP/DBP is seen in the
age group 50-54 years. Prevalence of
hypertension is found not only among the
overweight/obese but also among the
underweight and normal individuals as
calculated by MUAC, BMI, and BAL
Height was found to have a significant
negative  correlation with SBP/DBP.
Indices that take height into account were
revealed to be the best predictors of
hypertension.

As age advances blood vessels
become stiff and increase BP. The large
artery stiffness causes the rise in SBP but

DBP are almost close to the findings of
other studies.*® 4" Meshram et al. showed a
similar mean DBP of 76.9 + 10.6 in their
study.*®

The high prevalence of SBP and
DBP in the age group 50 — 54 years (Table
2) could be because that is the age around
which  women  generally  undergo
menopause and BP tends to increase in
women after menopause due to the loss of
oestrogens.*Though high prevalence of
hypertension (54.3%) is seen among the
women above 60 years, the mean value
(134.85 mmHg) falls in the initial stages of
HS L.

Height was found to have a
significant negative correlation with SBP.
This meant that with the decrease in height
the BP increases. Less height also meant
shorter arterial lengths which resulted in
earlier pressure wave reflections and
greater summation of reflected
pressure.’The women in Meghalaya are
found to be the shortest in India.>' The
Garos are predominantly found in
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Meghalaya and the Garos of the present
study, though they live in plain areas of
Assam bordering Meghalaya are not
physically different from them. Though the
Garos of the present study stand quite short
at 148.88 cm than the national average for
Indian women 160.02 cm’? their BP
reaches the hypertension stage I only after
they cross 60 years which is normal in
elderly people irrespective of their height.
A study on women in India from the
National Family Health Survey — 4 also
found an inverse association between
height and mean BP of the women and
shorter women had a higher prevalence of
hypertension.'3 Another analysis among the
Bangladeshi adults also highlighted a
divergent association between height and
SBP among females only.'*A relatively
smaller number of studies found no
significant association between height and
blood pressure at all. Smith et al. did not
find any statistically significant relationship
between height, leg length, and trunk length
versus blood pressure in a cross-sectional
study of 2,512 men. ¥ No relationship
between height and hypertension was found
in a cross-sectional study of 2,000 Nigerian
men and women by Olatunbosun and
colleagues.>

Significant positive correlation has
been found between SBP/DBP and BMI.
This means with the increase in BMI, BP
also increases. In the study population, the
highest prevalence of hypertension (SBP
and DBP) was found in the
overweight/obese category, which goes in
conformity with the previous sentence.
Obesity has been found to be associated
with increased arterial stiffness that may
contribute to hypertension.?>’Dua et al.
also found a significant positive correlation
between BMI, and blood pressure both SBP
as well as DBP.”’Positive associations
between BMI and hypertension have been
well reported in studies conducted among
different Asian ethnic groups and Asian
populations and had a much stronger
association between BMI and blood

pressure.'®On the other hand, Koh et al.
mentioned in their paper that several studies
have reported the inverse trend of
increasing BMI with decreasing BP. *3The
capability of BMI to predict the risk of
hypertension and CVD was doubted by few
studies. 36

Though, we cannot ignore the fact
that the underweight category also reported
cases of SH (17.39%) and DH (26.96%).
Similar findings have also been found by
Kshatriya and Acharya in 2016 who
concluded that the alarming trend of an
increasing prevalence of
overweight/obesity, under nutrition, and
hypertension is observed among indigenous
populations of India.''Another study
reported that the percentage of haemo-
dialysis patients with systolic hypertension
was higher among the underweight than
among the normal or overweight
individuals ¢'.

The results of the CCA indicate that
the present model explained around 0.9031
proportion of variance of the physiometric
measures from anthropometric variables.
The model also depicts that the most
significant predictors of physiometric
measures were BAI, WHtR and WC. It can
be seen that indices that take height into
account (BAI, WHtR) are the best
predictors of hypertension. BAI as the most
significant predictor of hypertension also
detects the highest prevalence of
hypertension (SBP and DBP) among all the
other parameters.

BMI is not a good predictor as it
cannot distinguish between a person with
excess fat and a person with high muscle
mass which might again lead to
misreporting of cardiovascular risk.?WC
alone did not account for differences in
height as several studies have reported that
individuals with the same WC but with
different heights were unlikely to have the
same cardio-metabolic risks.®*Moreover,
WHR might be inaccurate in individuals
who have lost weight, because both WC
and HC can decrease proportionately, thus
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the ratio sometimes changes very little.*
While BMI, WC, WHR and WHtR were
found to be useful predictors of high blood
pressure among adults of rural residents of
southern Ethiopia.

Cameron et al. found a complex
relationship between WC and HC and the
risk of death. In his study both WC and HC
simultaneously identified almost 20% more
people as being at higher risk of death
compared with using WC alone, and is a
simple and cost-effective way of
identifying body shapes associated with
increased risk of premature death.’On the
contrary, though Garo women in the present
study showed an increasing WC as their
ages increased and mean WHtR, WHR and
CI were in the risk category, no cases of life
threatening NCDs among the women were
reported and the majority of women
claimed to be physically fit when asked to
self report their health status. And on
further investigation, the local pharmacies
and health centres also have not reported
any case which might be remotely linked to
increased waist and hip circumferences.
This must be because of the amount of
physical activity the women engage in.
Until and unless the women are bedridden
even the elderly do not remain sedentary.
Since these women are moderate to
vigorous workers the increasing waistline
may not be a concern as they burn calories
while working. Despite this, hypertension
may be a silent threat in the population that
needs to be addressed by initiating
intervention programs to modify the risk
factors associated with hypertension.

LIMITATION

1. There may be chances that changes
in BMI may be independently
associated with the incidence of
hypertension which in the present
study could not be studied because
of its cross sectional nature.

2. The causal association between
BMI and BP was not studied in the
present context which may have
been acting as factors and some of
them could also be modifiers. An
increased BMI may be a result of
diet or activity, or because of a
genetic predisposition combined
with diet and/or activity.

3. Demographic variables were not
correlated with hypertension which
might have given an in-depth
purview into the prevalence of
hypertension. But due to the word
limit constraint of this paper it has
been left out.

CONCLUSION

The study revealed that
hypertension among the Garo women is not
only found among the overweight/obese/ at
risk individuals but also the
underweight/normal/no risk status as per
the indices. Despite being active in their
daily activities, more than 25% of them
were found to be in the high-risk category
as detected by WC, WHR, CI and WHR but
with a self-reported claim of being
physically fit. Indices that took height into
account are more significant predictors of
BP as analysed by CCA. The Garo women,
therefore, despite being absolutely fit
physically are still wrangled by the triple
burden of NCDs —underweight, overweight
and hypertension.

RECOMMENDATION

Future research may be done to
understand various intervention strategies
to control and prevent hypertension and to
delineate the specific biological pathways
by which underweight individuals also
suffer from the risk of hypertension.
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