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Abstract

Introduction: Several anthropometric measurements are variably recommended to

assess adiposity in routine practice, with less agreement on their comparative perfor-

mance. We assessed and compared the relationship of seven anthropometric mea-

sures of adiposity—waist circumference (WC), waist-to-height ratio (WHtR), Body

Mass Index (BMI), Ponderal Index (PI), Conicity Index (C index), A Body Shape Index

(ABSI), and Body Roundness Index (BRI)—with blood pressure (BP) levels and preva-

lent hypertension in adult Cameroonians.

Methods: Data were collected as Cameroon's contribution to the global May

Measurement Month 2017(MMM17) survey. Participants were nonpregnant

adults, who had no BP measurement in the past year and with no prior hyper-

tension diagnosis. Hypertension was defined as systolic BP ≥140 mm Hg and/or

diastolic ≥90 mm Hg. Odds ratios (ORs) for the presence of hypertension per

1 SD increase in each adiposity metrics were estimated in separate logistic

regression models. Assessment and comparison of discrimination used the area

under the receiver operating characteristics curve (AUC) and nonparametric

methods.

Results: We included 14 424 participants (8210 [58.25%] female; 39.84

± 14.33 years). There was a graded association between measures of adiposity and

prevalent screen-detected (newly diagnosed) hypertension, with effect sizes being

mostly within the same range across measures of adiposity. AUC for hypertension

prediction ranged from 0.709 with PI to 0.721 with BRI for single measures, and from

0.736 to 0.739 with combinations of measures of adiposity.

Abbreviations: ABSI, A body Shape Index; BMI, Body Mass Index; BRI, Body Roundness Index; C Index, Conicity Index; PI, Ponderal Index; WC, Waist circumference; WHtR

waist-to-height ratio.
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Consultancy (CRENC) organization, and the

Fondation Coeur et Vie (FOCEV). Conclusion: WC, WHtR, and BRI were strongly associated with BP and better

predicted prevalent hypertension, with effects enhanced with the inclusion of BMI.

K E YWORD S

adiposity, blood pressure, Cameroon, hypertension, ROC curve

1 | INTRODUCTION

Hypertension is the most common modifiable risk factor for cardio-

vascular disease (CVD).1 The World Health Organization (WHO) esti-

mated that Africa has the highest prevalence of hypertension at about

40% in adults aged 25 years and older in some countries, compared to

35% to 40% elsewhere around the world.1,2

In its 10-point action plan to reduce the burden of high blood

pressure (BP) on the continent, the Pan African Society of Cardiology

(PASCAR) called on urgent investment in population-level interven-

tions for preventing hypertension occurrence, such as reducing salt

intake and obesity.3

Globally, excess weight is associated with the development of hyper-

tension.4,5 In 2010, 27% of adult Africans were overweight, and 8% were

obese.6 Body Mass Index (BMI) is the most widely used marker to diag-

nose obesity, and has often been overlooked as a proxy of total adiposity.

Central adiposity, an accumulation of body fat in the lower torso around

the abdominal area, has been associated with an increased risk of heart

disease, dementia, type 2 diabetes, and hypertension. Increasing evidence

supports the superiority of measures of central adiposity especially waist-

to-height ratio (WHtR), over BMI, in discriminating cardiovascular risk in

both men and women7 and combining BMI with other indices has also

been shown to improve the prediction of cardiovascular risk.8 Recently,

new indices of central obesity have been proposed and are being

explored on their abilities to predict cardiovascular risk and all-cause mor-

tality.9,10 However, findings have been controversial and studies compar-

ing the discriminatory capacity of different indices of obesity on health

status and outcomes in African populations are lacking.

We aimed to assess the relationship of seven anthropometric

measures of adiposity—waist circumference (WC), WHtR, BMI,

Ponderal Index (PI), Conicity Index (C index), A Body Shape Index

(ABSI), and Body Roundness Index (BRI) with BP levels and prevalent

hypertension in adult Cameroonians.

2 | MATERIALS/SUBJECTS AND METHODS

The current study is based on secondary analysis of data for

Cameroonians who took part in the May Measure Month 2017

(MMM17). Specific methods for the MMM study, have been described in

detail elsewhere.11,12 Briefly, participants were self-selected adult men

and women. Sampling was consecutive and exhaustive. The study proto-

col conformed to the ethical guidelines of the 1975 Declaration of Hel-

sinki: Ethical clearance was obtained from the Cameroon national ethics

committee; various administrative authorizations were obtained from reg-

istered sites and informed consent was obtained from each participant.

The following data were collected: date of last BP measurement; date of

birth; gender; history of antihypertensive medication, diabetes (yes/no),

smoking (yes/no), heart attack, stroke, and alcohol consumption; height,

weight, WC, and three BP and heart rate measurements.

Participants aged less than 18 years, self-reported pregnant

women and those on antihypertensive medications were excluded

from the current analysis.

2.1 | Measures of adiposity

Weight to the nearest kilogram was measured using calibrated weighing

scales; while height to the nearest centimeter was measured using

a stadiometer. Then, BMI (kg/m2) was calculated as weight

(kg)/height2 (m2). WC was measured, to the nearest centimeter, in the

horizontal plane midway between lowest ribs and the superior borders of

the iliac crests using measuring tapes. WHtR was estimated as WC

(m) divided by the height (m), and PI as weight (kg) divided by

Height*height*height(m3).13 Other calculations done are described below:

1. The C index, an index of adiposity which derives from WC, weight,

and height and is calculated using the formula:

C index = WC mð Þ
0:109×

ffiffiffiffiffiffiffiffiffi
Wt kgð Þ
Ht mð Þ

q 14

2. ABSI is an index of adiposity, which combines information from

WC, height, and weight and was calculated as:

ABSI = WC mð Þ
BMI2=3 kg=m2ð Þ Ht1=2 mð Þ

15

3. The BRI is an index of adiposity calculated using the formula below

with the use of height, weight, WC, and hip circumference.

BRI = 364:2−365:5×
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1− WC mð Þ= 2πð Þð Þ2

0:5Ht mð Þð Þ2
� �r

16

To streamline all the above calculations, we used a web-based

calculator.

2.2 | Blood pressure profile assessment

Most BP were measured with automated electronic Omron sphygmo-

manometer, by trained health care providers following BP measurement

guidelines. Prior to BP measurement, participants were seated for at

least 5 minutes. Three BP readings were taken and recorded with a
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minimum of 1 minute between readings. Hypertension was defined as

systolic and/or (diastolic) BP ≥140 mm Hg (≥90 mm Hg).17

2.3 | Statistical analysis

Statistical analysis was done using “R” v.3.4.2. Only the first of the

three BP readings were used for the main analysis presented in this

report, due to the large number of missing data for the second and

third BP readings. A sensitivity analysis was conducted using the aver-

age of the second and third BP readings in participants with available

data on the three readings. The association between anthropometric

indices was examined using the pairwise Pearson's correlation and

interpreted based on the classification of correlation coefficients.18

The Pearson's correlation between BP and measures of adiposity

were compared with Steiger's test. Separate logistic regressions

models were used to assess the independent association between

screen-detected hypertension (defined as hypertension diagnosed

during the screening in a participant not previously known to have

hypertension) and each anthropometric index. The odds ratio

(OR) and the 95% confidence interval (CI) were given per SD increase

in anthropometric measure, but also across quintiles of adiposity mea-

sures using the lowest quintile as reference. All models were adjusted

for age and gender. The ability of anthropometric indices in isolation

or in combination to discriminate between participants who had and

those who did not have screen-detected hypertension (SDH) was

assessed and compared using the area under the receiver operating

characteristic curves (AUC), and nonparametric methods.

3 | RESULTS

3.1 | Data available

Overall, 16 507 participants from nine regions of Cameroon

responded to the invitation for screening, 2083 were excluded for

reasons described in Figure 1, and the remaining 14 424 were

included in the main analysis.

3.2 | General Characteristics of the study
participants

The general characteristics of the 14 424 included participants (41.7%

men) are summarized in Table 1. The mean age of study participants

was 39.8 years overall, 40.1 years for men, and 39.7 years for women

(P = .074 for gender difference). The mean WC, BMI, WHtR, SBP, and

DBP were 89.4 (±14.1) cm, 27.9 (±9.2) kg/m2, 0.54 (±0.09), 124.

7 (±20.5) mm Hg, and 78.2 (±13.2) mm Hg, respectively. Compared to

women, men were more likely to smoke (2.6% vs 8.6%, P < .001), and

to regularly consume alcohol (44.0% vs 53.6%, P < .001). The propor-

tion of individuals with SDH was 29.3% in men and 22.0% in women,

respectively.

3.3 | Relationship between anthropometric indices

The Pearson's correlation coefficients between anthropometric vari-

ables are summarized in Table 2. In general, women had slightly higher

estimates of correlation coefficients between anthropometric indices

than men. Correlation of BMI with C Index was nonsignificant in men

(r = .02, P > .10), while correlations of BMI with ABSI and C Index, and

that of C Index with PI were consistently negative in men and women,

and always of lower magnitude, ranging from −0.18 to −0.05

(Table 2). All other correlation coefficients were positive ranging from

0.02 (BMI vs C Index) to 0.99 (ABSI vs C Index) in men, and from 0.07

(BMI vs C Index) to 0.99 (ABSI vs C Index) in women.

3.4 | Correlation between anthropometric indices
and blood pressure levels

Unadjusted correlation coefficients between anthropometric mea-

sures and BP levels are shown in Table 3, separately for men and

women. For both SBP and DBP and consistently in men and women,

the higher correlations coefficients were always with WC, followed

by BRI and WHtR. Correlation coefficients were generally of modest

sizes, always positive within the same range in men and women, and

ranged from 0.05 (PI vs DBP) to 0.26 (WC vs DBP) in men, and from

0.05 (ABSI vs DBP) to 0.23 (WC vs DBP) in women for DBP; and from

0.04 (PI vs SBP) to 0.26 (WC vs SBP) in men, and from 0.05 (PI vs

SBP) to 0.24 (WC vs SBP) in women for SBP (Table 3). In both men

and women, the Steiger test showed that correlations of SBP with

WC were always significantly higher than with other anthropometric

F IGURE 1 Flow chart demonstrating how exclusion criteria were
applied
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TABLE 1 Distribution of the baseline characteristics of the study population according to gender

Variables Females Males P-value Total

N (%) 8210 (58.25) 5885 (41.75) 14 424

Age (years) 39.7 (±14.5) 40.1 (±14.1) .074 39.8 (±14.3)

37.0 (28.0-49.0) 38.0 (29.0-49.0) .009 37.0 (28.0-49.0)

Weight (kg) 74.2 (±15.7) 76.3 (±14.4) <.0001 75.1 (±15.2)

73 (63-83) 75 (66-85) <.0001 74.0 (64-84)

Height (cm) 162.5 (±11.9) 170.5 (±12.0) <.0001 165.9 (±12.6)

163 (159-168) 172 (167-176) <.0001 167 (160-172)

Waist circumference (cm) 89.6 (±14.6) 89.2 (±13.1) .205 89.4 (±14.1)

89 (80-99) 88 (80-98) .061 890 (80–98)

BMI (kg/m2) 28.7 (±9.5) 26.8 (±8.8) <.0001 27.9 (±9.2)

27.3 (23.7-31.2) 25.5 (22.9-28.8) <.0001 26.5 (23.3-30.1)

Waist-height-ratio 0.55 (±0.09) 0.52 (±0.08) <.0001 0.54 (±0.09)

0.54 (0.45-0.60) 0.52 (0.47-0.57) <.0001 0.53 (0.48-0.59)

Ponderal Index (kg/m3) 18.4 (±12.7) 16.3 (±11.0) <.0001 17.5 (±15.9)

16.7 (14.5-19.3) 14.8 (13.3-17.0) <.0001 15.9 (13.8-18.3)

Conicity Index (m2/3/kg1/2) 1.21 (±0.15) 1.22 (±0.13) .092 1.21 (±0.14)

1.21 (1.14-1.29) 1.21 (1.14-1.29) .455 1.21 (1.14-1.29)

A body Shape Index (m7/6/kg2/3) 0.095 (0.011) 0.096 (±0.011) .0005 0.095 (±0.011)

0.095 (0.089-0.100) 0.095 (0.090-0.101) .002 0.095 (0.090–0.101)

Body Roundness Index 4.49 (±2.05) 3.94 (±1.81) <.0001 4.28 (±1.97)

4.25 (3.14-5.51) 3.69 (2.77-4.80) <.0001 4.00 (2.96-5.20)

Systolic blood pressure (mm Hg) 121.5 (±20.4) 128.1 (±19.9) <.0001 124.7 (±20.5)

118 (108-131) 126 (116-139) <.0001 122 (110-135)

Diastolic blood pressure (mm Hg) 77.5 (±13.1) 79.4 (±13.4) <.0001 78.2 (±13.2)

76 (69-85) 78 (71-87) <.0001 77 (70-86)

Heart rate (bpm) 81 (±14) 77 (±13) <.0001 79 (±14)

80 (72-89) 76 (68-85) <.0001 78 (70-88)

History of diabetes, n (%) n = 8163 n = 5820 .143 n = 14 305

Yes 178 (2.2) 149 (2.6) 341 (2.4)

BMI, n (%) n = 4963 n = 6647 <.001 n = 11 834

<18.5 kg/m2 125 (1.88) 110 (2.22) 241 (2.04)

18.5-25 kg/m2 2101 (31.61) 2132 (42.96) 4330 (36.59)

25-30 kg/m2 2295(34.53) 1805, (36.37) 4163 (35.18)

30-35 kg/m2 1291(19.42) 670 (13.50) 2000 (16.90)

35-40 kg/m2 543 (8.17) 159 (3.20) 712 (6.01)

>40 kg/m2 292 (4.39) 87 (1.75) 388(3.28)

Smoking n (%) n = 8172 n = 5856 <.001 n = 14 349

Yes 211 (2.6) 509 (8.7) 740 (5.2)

Residence, n (%) n = 8158 n = 5847 <.001 n = 14 361

Urban 6657 (81.6) 5078 (86.4) 12 021 (83.7)

Alcohol consumption, n (%) n = 8168 n = 5824 <.001 n = 14 311

Never or rarely 4329 (53.0) 2533 (43.5) 7023(49.1)

Less than once a week 244 (3.0) 167 (2.9) 413(2.9)

Regularly 3595 (44.0) 3124 (53.6) 6875(48.0)

Note: Values are count (percentages, %) and mean (±SD, SD); or median and 25th to 75th percentiles. NA, not applicable; proportions are computed across

columns. Means are compared using independent samples t test and medians using the Wilcoxon-Mann-Whitney rank sum test, the rest of the

characteristics are frequencies (percentage) compared using chi squared test or Fisher's exact test.
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measures (all P < .0001) with the exception of WHtR (both P ≥ .116)

and BRI (both P ≥ .052). The pattern was similar for DBP in women,

while in WC vs DBP was significantly higher than BRI vs DBP

(P = .019), and borderline higher than WHtR vs DBP (P = .050). Other

correlation coefficients comparisons are shown in Table 3.

3.5 | Association between anthropometric indices
and screen-detected hypertension

There was a gradual increase in the odds of prevalent hypertension

across increasing quintiles of anthropometric variables, with the

pattern being however less apparent for ABSI, and C index (Table 4).

With the exception of these two variables, the adjusted odd ratio

comparing the top with the lowest quintiles was within the same

range across anthropometric variables, with point estimates ranging

from 1.16 to 1.18 and the confidence intervals around these esti-

mates always overlapping. A SD higher level of anthropometric vari-

ables was associated with adjusted odds ratio ranging from 1.01 (95%

CI 0.95-1.07) for ABSI, to 1.39 (1.31-1.48) for WC. WHtR [1.37

(1.29-1.46)] and BRI [1.34 (1.26-1.42)] had the second and the third

highest OR associated with a SD change in their levels, in relation with

prevalent hypertension (Table 4).

3.6 | Discrimination of screen-detected
hypertension by adiposity indices

The discrimination capacities of single or combined anthropometric vari-

ables screen-detected hypertension are shown in Table 4 and Table S1.

The AUC of single adiposity variable ranged from 0.709 (0.698-0.720)

with PI to 0.721 (95%CI: 0.707-0.734) with BRI, but AUC did not differ

between the models. Models with two anthropometric variables combi-

nation had better discrimination capability than any model containing a

single anthropometric variable, with AUC ranging from 0.736 to 0.739.

3.7 | Sensitivity analysis

When the above analyses were repeated in the subset of participants

with data available on more than one BP measurements, the pattern

TABLE 2 Pearson's Correlation coefficients between
anthropometric variables (superior lateral half, males; inferior lateral
half, females)

WC WHtR BMI PI C Index ABSI BRI

WC 1 0.85 0.51 0.28 0.79 0.69 0.83

WHtR 0.93 1 0.69 0.58 0.62 0.50 0.98

BMI 0.62 0.71 1 0.95 0.02* −0.13 0.72

PI 0.32 0.56 0.94 1 −0.07 −0.18 0.63

C Index 0.78 0.69 0.07 −0.05 1 0.99 0.63

ABSI 0.66 0.56 −0.10 −0.16 0.99 1 0.51

BRI 0.90 0.98 0.73 0.63 0.65 0.53 1

Abbreviations: ABSI, A body Shape Index; BMI, Body Mass Index; BRI,

Body Roundness Index; PI, Ponderal Index; C Index, Conicity Index; WC,

waist circumference; WHtR, waist-to-height ratio.
*P > .1; all the rest are significantly statistically different from zero P < .05.

TABLE 3 Pearson's Correlation coefficients between anthropometric and systolic and diastolic blood pressure (superior lateral half, males;
inferior lateral half, females) and P-value of the comparison between them

r(Males) WC WHtR BMI PI Cndex ABSI BRI

r(Females) DBP 0.26 0.21 0.11 0.05 0.14 0.10 0.20

WC 0.23 1 0.050 <0.0001 <0.0001 <0.0001 <0.0001 0.019

WHtR 0.21 0.327 1 <0.0001 <0.0001 0.0099 0.0001 0.705

BMI 0.12 <0.0001 <0.0001 1 0.002 0.212 0.679 0.0001

PI 0.06 <0.0001 <0.0001 0.0004 1 0.0002 0.040 <0.0001

Cindex 0.10 <0.0001 <0.0001 0.3137 0.0451 1 0.153 0.027

ABSI 0.05 <0.0001 <0.0001 0.0004 0.618 0.027 1 0.0003

BRI 0.21 0.327 1 <0.0001 <0.0001 <0.0001 <0.0001 1

r(Males) SBP 0.26 0.22 0.11 0.04 0.13 0.09 0.21

WC 0.24 1 0.116 <0.0001 <0.0001 <0.0001 <0.0001 0.052

WHtR 0.22 0.325 1 <0.0001 <0.0001 0.0009 <0.0001 0.704

BMI 0.12 <0.0001 <0.0001 1 0.0003 0.406 0.408 <0.0001

PI 0.05 <0.0001 <0.0001 0.0000 1 0.0002 0.040 <0.0001

Cindex 0.12 <0.0001 <0.0001 1 0.0004 1 0.154 0.003

ABSI 0.08 <0.0001 <0.0001 0.044 0.134 0.075 1 <0.0001

BRI 0.23 0.622 0.631 <0.0001 <0.0001 <0.0001 <0.0001 1

Note: Bold writing was used to highlight the item line, which can also be made simple
Abbreviations: ABSI, A body Shape Index; BMI, Body Mass Index; BRI, Body Roundness Index; DBP, diastolic blood pressure; PI, Ponderal Index; C Index,
Conicity Index; r, correlation coefficient; SBP, systolic blood pressure; WC, waist circumference; WHtR, waist-to-height ratio.
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of results obtained using average BP across those measurements was

mostly similar to those based on single BP measurement

(Tables S2–S4).

4 | DISCUSSION

Studies assessing the performance of measures of adiposity as predic-

tors of CVD risk in sub-Saharan Africa are limited and most of those

available have focused on BMI as predictors of hypertension. In this

study, we compared measures of adiposity for their association with

BP in a large population of self-selected Cameroonian adults free of

any history of diagnosed hypertension. WC, WHtR, and BRI emerged

as the best predictor of screen-detected hypertension, with indica-

tions that combining them with BMI further enhanced screen-

detected hypertension prediction, although the clinical importance of

such improvement could be questioned. Because WC is much easy to

acquire than WHtR and BRI, our findings suggest a focus on WC in

routine setting is likely to capture the essential discriminatory power

of adiposity in relation with hypertension, and likely CVD risk.

Measures of adiposity have shown a significant association with

hypertension and other CVD risk factors in African populations.19-21

In accordance with these existing studies, our analyses showed that

there was an association between all tested indices of adiposity and

screen-detected hypertension. These associations were mostly con-

tinuous, suggesting that clinical approach of using thresholds of those

indices for CVD risk screening, do not optimally capture the discrimi-

natory information from those markers. WC, WHtR, and BRI demon-

strated a relatively stronger association with SDH when compared to

other indices. These results are in support of the growing evidence

that measures of visceral (or central) fat accumulation are better pre-

dictors of cardiovascular risks in Africans and Asians.19-21

A number of mechanisms to explain the stronger association of

central fat accumulation with CVD risk have been postulated. One of

the suggested mechanisms is that visceral adipose tissue has a higher

degree of metabolic activity. Compared with subcutaneous peripheral

adipose tissue, visceral adiposity has greater sympathetic innervation

with a large number of β3-adrenergic receptors. This facilitates a

higher metabolic activity, and correlates well with other markers of

cardio-metabolic derangements.22,23 Visceral fat has a stronger corre-

lation with adipokines like leptins that have been implicated in the

inflammatory pathophysiological hypothesis of CVD.24,25

The relative performance of predictive models containing mea-

sures of adiposity was assessed by comparing AUCs. All the predictive

models with single adiposity measures had good performance in

predicting SDH. Though BRI and WHtR had highest AUCs, they were

not significantly different from WC and BMI. Adiposity indices incor-

porating a measure of central obesity had better predictive perfor-

mance than BMI and PI. Asian countries have explored the less

frequently used measures of adiposity and have shown the superiority

of indices of central obesity over those of overall obesity.26,27 Nonethe-

less, the report from Cheung and collaborators was contradictory.28 In

line with our findings, ABSI has been reported in many studies to poorlyT
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predict hypertension and other CVD risk factors.26,27 There was no sta-

tistically significant difference between the ability of WHtR, BRI, and

WC to predict hypertension and that of BMI. When models with com-

bined adiposity measures were evaluated, BMI appeared to significantly

improve the performance of all the other models with single adiposity

measures. The combination of WC + C index appeared to be the best

model in predicting SDH, with a significant difference when compared

with all the other models. These findings are in contrast with previous

reports. In Nigeria, Ononamadu and collaborators did not find any sig-

nificant improvement in model prediction when WC or WHtR were

added to BMI in adjusted models. In Cameroon, another study evaluat-

ing the combination of adiposity measures in predicting another cardio-

vascular risk factor, demonstrated that combining BMI to other indices

did not improve prediction.19

We can thus speculate that though abdominal obesity is central

to the presence of cardiovascular risk factors, the contribution of

overall adiposity cannot be underestimated. The complex interaction

between genetic predisposition, phenotypic characteristics, sociocul-

tural, and environmental factors coupled with the differences in meth-

odological approaches may also be suggested as the potential

contributors to the observed differences across studies. The results of

combining WC and C index in models has not been reported in previ-

ous studies and therefore deserve further exploration.

Our study has some limitations. This was a self-selected popula-

tion, which may not be a representative sample of the Cameroonian

nation and hence true prevalence cannot be reported. BP screening

took place on a single occasion, with the risk of false-positive diagno-

ses of high BP. This is a cross-sectional study and causal inference

between adiposity marker and BP levels cannot be made. It remains

however that our very large sample size has provided a very good sta-

tistical power to generate this very first detailed report on the associa-

tion of measures of adiposity with BP levels and screen-detected

hypertension in an African population.

5 | CONCLUSION

WC, WHtR, and BRI were strongly associated with BP and better

predicted high BP risk. Given that these indices of central obesity

(WC, WHtR, and BRI) are simple to measure and provides additional

important information on metabolic risk, we recommend their system-

atic use in combination with BMI but not BMI alone to identify and

monitor patients with high BP risks. Further research would identify

the effectiveness of interventions on these indices to reduce chances

of developing high BP in our population.
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