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Background: Globally, hypertension is becoming a serious problem affecting the health and
wellbeing of the adult population. Anthropometric indices like body mass index (BMI), waist
circumference (WC), and waist-to-hip ratio (WHR) have long been utilized to screen hyperten-
sion; in contrast, other evidence indicates the superior utility of waist-to-height ratio (WHtR) to
screen hypertension. There are inconclusive results from different studies done in different
settings regarding the best screening index for hypertension. In addition, there is a paucity of
information on the evaluation of anthropometric indices for screening hypertension in the study
area. Therefore, this study evaluates the utility of anthropometric indices for screening hyperten-
sion among Mizan Tepi University employees, southwestern Ethiopia.

Methods: An institution-based cross-sectional study was conducted among Mizan Tepi
University employees. A gender-based stratified simple random sampling technique was
used to select 585 employees. Logistic regression analysis was conducted to assess the
association between anthropometric indices and hypertension. Receiver operating character-
istic curve (ROC) was employed to evaluate anthropometric indices for screening hyperten-
sion, and optimal cutoff points were also developed based on Youden index (sensitivity +
specificity — 1) and presented with sensitivity, specificity, positive predictive value (PPV),
and negative predictive values (NPV).

Results: The overall prevalence of hypertension was 20.9%, which was 22.5% in males and
18.7% in females. Among males, WHtR, WHR, and BMI were significantly associated with
hypertension, while, in females, only BMI was associated with hypertension. WHtR had
a higher screening ability for hypertension followed by WC in both sexes. For males, the
cutoff point for WHR, WC, BMI, and WHtR for screening hypertension was 0.897, 85.17cm,
24.6kg/m?, and 0.51, respectively. In females, the cutoff point developed for screening
hypertension for WHR, WC, BMI, and WHtR were 0.92, 85.67cm, 24.8kg/m2, and 0.52,
respectively.

Conclusion: The waist-to-height ratio was found to be the best obesity index to screen
hypertension than BMI, WC, and WHR. The finding supports the use of WHtR for screening
hypertension in resource-limited settings.
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Introduction

Hypertension is a clinical condition of having elevated systolic blood pressure
(SBP) and/or diastolic blood pressure (DBP)." It is a major public health problem
globally, 1.13 billion adult populations were hypertensive in 2015.> The worldwide
prevalence of overweight or obesity, which is the major risk factor for hypertension,
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was tripled from 1975 to 2016.> Nowadays, low- and
middle-income countries are facing challenges from non-
communicable diseases (NCD) in addition to undernutri-
tion and communicable disease.® In 2015, the prevalence
of hypertension in sub-Saharan Africa was 30% among
these, 73% of them were unaware of their hypertensive
status before the survey.* The prevalence of hypertension
is also increasing in Ethiopia, which was 19.6% in 2015°
and it was responsible for 12% of deaths that occurred due
to NCDs in Addis Ababa.®’ The prevalence of hyperten-
sion was 13.9% in Gondar city, 22% in Bahirdar, 12.5%
in Debre Markos town, 32.3% Addis Ababa, 30.8% in
Kombolcha town, 21.8% in Bonsa district, and 23% in
Mizan Aman town.® '

Hypertension and related complications are very
expensive for diagnosis and treatment, leading to under-
diagnosis which may result in increased prevalence of the
disease in society.'” Therefore, in resource-limited set-
tings, like Ethiopia, prevention and early identification
are very important to  control  hypertension.
Anthropometric indices like body mass index (BMI),
waist circumference (WC), waist-to-height ratio (WHtR),
and waist-to-hip ratio (WHR) are very important for early
lead to

hypertension.'®!” However, there is inconclusive evidence

identification of obesity, which may
from different kinds of literature regarding the best anthro-
pometric index to screen hypertension.'® BMI was tradi-
tionally chosen and used as the main index and it was
indicated as a better index to predict hypertension than
WHtR and WC."*?° However, body fat assessment using
BMI could be incorrect since it measures total adiposity in
the body and predicts the distribution of total body fat.
This may result in overestimation of adiposity in a healthy
individual that has more muscle mass and underestimation
of adiposity in an at-risk individual that has more fat
mass.'

Measures of abdominal fat distribution, including WC,
WHtR, and WHR were studied in different settings giving
different results regarding their predictive ability of hyper-
tension. In some literature, WC was indicated to have
better screening ability than WHtR, BMI, and
WHR.">**?7 However, it fails to consider the height of
an individual; taller people have larger WC relative to their
height.”® Other studies found WHR as the best anthropo-
metric index to screen hypertension than WC, BMI, and
WHtR.">?° WHR is important for risk assessment but not
for risk management, and it misclassified the risk of

disease among individuals with the same WC but different
hip circumference (HC).*%!

The waist-to-height ratio is another central obesity
index that has recently gained attention. Recent systematic
reviews propose WHIR as a better predictor of hyperten-
sion than WHR, BMI, and WC in both sexes.*>>* It was
also found to be a better predictor of morbidity and mor-
tality than other indices.*>” Even if the prevalence of
hypertension is rising in low-income countries including
Ethiopia, there is a paucity of information on the evalua-
tion of anthropometric indices for screening hypertension
in the study area. Therefore, the aim of this study was to
evaluate the utility of anthropometric indices for screening
hypertension among employees of Mizan Tepi University,
southwestern Ethiopia.

Materials and Methods
Study Setting and Period

The institution-based cross-sectional study design was
employed to conduct this study among employees of
Mizan Tepi University, South-Western Ethiopia. Mizan
Tepi University has four colleges and one school. The
university has a total of 2478 employees, of which 1028
were administrative staff, 792 academic staff, and 658
hospital staff. Among the academic staff, 248 employees
are on study leave and 544 employees are on duty. The
study was conducted from February 21 to March 20,
2020.

Source and Study Population

The source population was all employees of Mizan Tepi
University. And the study population was those represen-
tatively randomly selected employees.

Sample Size and Sampling Procedure

The sample size of this study was calculated by using
sensitivity estimation formula®® (n= (Zo/2)’SN (1-SN)/
d*p) by considering 95% confidence interval, 5% margin
of error, the sensitivity of 90.9%”° and prevalence of
hypertension in Mizan Aman, which was 23%.'* After
adding a 10% non-response rate the final sample size
was 608.

(Za/2)*SN (1 — SN)

N =
d*p

(1.96 % 1.96) * 0.909 x 0.091
0.05 % 0.05 * 0.23

= 552.5
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A gender-based Stratified
employed to select the study participants. Among the
total of 2230 employees, 544, 1028, 658 were academic,
administrative, and hospital staff, respectively. First,

sampling technique was

employees were stratified by gender 1299 males and 931
females. Then, from 608 samples calculated from the
sensitivity estimation formula considering allocation
ratio, we have got 354 males and 254 female participants.
The sampling frame was prepared separately by using the
payroll obtained from Mizan Tepi University’s human
resource management. Finally, random numbers were gen-
erated to select participants by using a computer-generated
simple random sampling technique.

Inclusion and Exclusion Criteria

All employees who were found actively working during
the data collection period were included in this study. Self-
declared hypertensive patients and self-declared pregnant
women were excluded from the study.

Data Collection Tools and Procedures
Interviewer administered structured questionnaire was
used to collect data. The questionnaire was adapted from
the WHO Stepwise approach to chronic disease risk factor
surveillance (STEPS) to the local context.** Four degree
nurses were recruited for data collection and one health
officer was assigned as a supervisor.

Anthropometric Measurements

Height was measured by using a portable stadiometer
(Seca) with precision nearest to 0.1 cm. Before measure-
ments, the stadiometer was checked using calibration rods.
During measurements, the individual stood at the
Frankfurt plane; the shoulder, buttocks, calf, heel, and
back of the head were touching the vertical stand of the
stadiometer, and participants were asked to take off their
shoes. Bodyweight was measured by using a digital scale
(UNICEF SECA) having a precision of 0.1 kg. Every
morning, the validity of the scale was checked by weigh-
ing an object of well-known weight. Then, BMI was
calculated by dividing body weight in kilogram by height
in meters square, and the cutoff point was 25 kg/m® for
both females and males.*® The WC was measured by fixed
tension tape with the precision of 0.1cm midway between
the lowest costal margin at the mid-clavicular line and the
anterior superior iliac spine and the cutoff points used was
94¢m for males and 80 cm for females.*' Hip circumfer-
ence (HC) was measured at the level parallel to the floor,

at the largest circumference of the buttock with both hands
open widely. Then WHR is calculated by dividing WC to
HC in centimeter. The cutoff point used for WHR was 0.9
for males and 0.85 for females.*! WHtR calculated by
dividing WC by height and the optimal cutoff point for

both sexes was 0.5.3*

All anthropometric measurements
were measured three times and the average was taken for
analysis. The standardization exercise was done to reduce

inter-observer error.

Blood Pressure Measurement

Blood Pressure was measured by an automatic blood pres-
sure monitor (Digital Omron, HEM/7111). Before the
measurement of blood pressure, the participants were
seated on a chair, took rest for fifteen minutes while their
backs were supported and their feet touched the ground
and right arm supported, the cubital fossa was at heart
level, with a palm facing upward.** The second blood
pressure measurement was taken after 5 minutes of the
first measurement and the third measurement was taken 3
minutes of the second measurement. Then, the average of
three measurements was taken as blood pressure values.

Data Processing and Analysis

First, data were checked for completeness and consistency
and double entered to Epi data version 3.1 and then the
data files were exported to SPSS version 22 for analysis.
The data were cleaned by correcting missing values and
checking outlier. For continuous variables, normality was
checked for by the Kolmogorov—Smirnov test. Descriptive
statistic was reported as mean and standard deviation
among the hypertensive and non-hypertensive employees
and categorical data were expressed as proportions among
the hypertensive and non-hypertensive participants. The
association between anthropometric indices, including
BMI, WHtR, WC and WHR, and blood pressure was
assessed by logistic regression after adjusting for covari-
ates like age, smoking status, khat chewing, coffee drink-
ing, alcohol intake, physical activity, and main work
status. First bivariate analysis was conducted and those
variables with p-value <0.25 were selected as candidate
variables and entered a multivariate logistic regression
analysis. Then, statistically significance was declared at
a p-value <0.05. To evaluate the utility of anthropometric
indices for screening hypertension, the area under the
curve was calculated from the receiver operating charac-
teristic curve (ROC) based on hypertensive status classify-
ing as yes (SBP>140mmHg and/or DBP>90mmHg) and
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no (SBP<140mmHg and/or DBP<90). Optimal cutoff
points were selected based on maximum Youden index
(sensitivity + specificity — 1) and presented with
Sensitivity, specificity, positive predictive value (PPV),

and negative predictive values (NPV).

Ethical Consideration

Before the study begins, ethical clearance was obtained
from the ethical review committee of Jimma University
Institute of Health, and the support letter was obtained
from the Department of Human Nutrition and Dietetics.
The official written permission letter was obtained from
Mizan Tepi University, and participants were provided
with written informed consent before the interview.
Privacy and confidentiality were ensured, and the partici-
pants were told that they have the right to refuse participa-
tion. The study was conducted according to the declaration
of Helsinki. The ethical approval number was IRB00065/
2020. During the data collection period, face masks, hand
gloves, and sanitizer were provided to the data collection
team to protect the data collectors and participants from
coronavirus infection. During the assessment, when higher
blood pressure was found, then they were linked to the
nearby health center for further diagnosis and treatment.

Results

Among 585 study participants, 252 of them were females
and 333 were males. Among hypertensive participants,
around 38.66% of male and 40.42% of female employees
were Bench by ethnicity. And among the non-
hypertensive, 36.43% of males and 37.07 of females
employees were bench by ethnicity. Among the hyperten-
sive participants, 50.7% of males and 63.82% of females
were administrative staffs (Table 1). The mean (standard
deviation) age of the total participants was 32.3 (6.6)
years.

The mean (SD) values of blood pressure and anthro-
pometric measurements in female and male participants
among the hypertensives and non-hypertensive are
described in Table 2. Among the hypertensive employees,
male participants were found to have higher SBP, DBP,
height, and weight, WHR, HC, and WC than females. But
females had higher BMI and WHtR than males. Among
the non-hypertensive employees, male and female partici-
pants were found to have approximately equal mean for
SBP, DBP, WC, and BMI. Females were found to have
higher HC and WHtR than males. Male employees had
higher height, weight and WHR than females.

Prevalence of Hypertension and Obesity

Indices

The overall prevalence of hypertension was 20.9%, which
was 22.5% in males and 18.7% in females. According to
BMI, 16.8% of male participants were overweight and
4.2% were obese. On the other hand, 19.8% of female
participants were overweight and 5.6% were obese. As
presented in Figures 1 and 2, it was found that 69% of
females and 19.5% of males had increased WC. About
63.5% of females and 42% of males had substantially
increased WHR; on the other hand, WHtR was increased
in 51.1% and 67.5% of male and female participants,
respectively.

Association Between Anthropometric

Indices and Hypertension

Multivariable Logistic regression analysis was employed
to see the association between anthropometric indices and
hypertension by controlling the possible confounders like
age, smoking status, khat chewing, coffee drinking, alco-
hol intake, physical activity, and main work status
(Table 3). The effect of multicollinearity was checked by
a variance inflation factor (VIF<10) and model fitness was
checked by Hosmer and Lemeshow test. After adjusting
for confounders, WHtR, WHR, and BMI were found to be
significantly associated with hypertension among males at
p-value <0.05, whereas, among females, only BMI was
found to be significantly associated with hypertension at
p-value <0.05.

Among men, WHtR was found to be the strongest
predictor of hypertension than BMI and WC, those males
who had increased WHtR were 3.4 times (AOR=3.41:
95% CI: 1.55-7.52, P-value<0.002) more likely to be
hypertensive than those with appropriate WHtR.
Regarding WHR, the odd of males with substantially
increased WHR to be hypertensive is 3.2 times that of
those with appropriate WHR. However, both WHtR and
WHR were not found to be statistically significant predic-
tors of hypertension among females.

Our result indicated that BMI was a statistically sig-
nificant predictor of hypertension in both sexes. Those
males who were overweight or obese had 2.4 times
(AOR=2.4, 95% CI: 1.13-5.12, P-value<0.023) higher
chance to be hypertensive than those who had normal
weight, whereas overweight or obese females were
2.9times (AOR=2.89, 95% CI: 1.25-6.62, P-value<0.013)
more likely to be hypertensive than those with normal
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Table | Socio-Demographic and Lifestyle Characteristics for Evaluation of Anthropometric Indices for Screening Hypertension

Among Mizan Tepi University Employees Southwest of Ethiopia, 2020

Variables Hypertensive Non Hypertensive
Male N=75, Female N=47, Male N=258, Female N=205,
(%) (%) (%) (%)
Ethnicity Bench 29(38.66) 19(40.42) 94(36.43) 76(37.07)
Amara 19(25.33) 9(19.15) 62(24.03) 56(27.31)
Oromo 9(12.00) 1(2.10) 25(9.69) 22(10.73)
Kaffa 9(12.00) 8(17.02) 30(11.62) 27(13.17)
Gurage 1(1.33) 4(8.51) 18(6.97) 7(3.41)
Others 8(10.66) 6(12.76) 29(11.24) 17(8.29)
Religion Orthodox 36(48) 27(57.44) 118(45.74) 95(46.34)
Protestant 36(48.00) 17(36.17) 117(45.34) 95(46.34)
Muslim 1(1.33) 3(6.38) 19(7.36) 12(5.85)
Others(catholic and others) 2(2.67) 0(0) 4(1.55) 3(1.46)
Work status Administrative staff 38(50.70) 30(63.82) 98(37.98) 78(38.04)
Academic staff 20(26.60) 6(12.76) 80(31.00) 54(26.34)
Hospital technical staff 9(12.00) 8(17.02) 55(21.31) 51(24.87)
Hospital administrative staff 8(10.70) 3(6.38) 25(9.68) 22(10.73)
Marital status Married 59(78.70) 37(78.72) 160(62.01) 126(61.46)
Single 14(18.70) 5(10.63) 89(34.49) 58(28.29)
Others(Widowed, Divorced, Separated, refused to answer) 2(2.60) 5(10.63) 9(3.48) 21(10.24)
Level of education Primary 9(120) 8(17.02) 29(11.24) 26(12.68)
Secondary 5(6.60) 3(6.38) 13(5.03) 17(8.29)
Diploma 14(18.70) 14(29.78) 46(17.82) 50(24.39)
First degree 23(30.70) 14(29.78) 89(34.49) 65(31.70)
Master’s degree 22(29.30) 7(14.89) 80(31.00) 47(22.92)
Terminal degree 2(2.70) 1(2.12) 1(0.39) 0(0)
Region of SNNPR 45(60) 39(82.97) 181(70.15) 136(66.34)
childhood life Amara 13(17.30) 4(8.50) 37(14.34) 18(8.78)
Oromia 6(8.00) 0(0) 21(8.13) 24(11.70)
Others(Tigre, Somalia, B.gumuz, Harare, Gambela, Dire-Dewa, 11(14.70) 1(2.12) 19(7.36) 27(13.17)
Addis Ababa)
Khat chewing Yes 12(16.00) 2(4.26) 20(7.75) 1(0.49)
No 63(84.00) 45(95.74) 238(92.24) 204(99.51)
Smoking Never smoker 70(93.30) 47(100.00) 256(99.22) 0(0)
Current smoker 5(6.70) 0(0) 2(0.77) 205(100.00)
Alcohol Low consumer 67(89.30) 45(95.74) 243(94.18) 201(98.04)
consumption Moderate consumer 8(10.60) 2(4.26) 15(5.81) 4(1.95)
Physical activity Low(<600MET min/week) 27(36.00) 25(53.19) 79(30.62) 71(34.63)
Moderate(600-2999MET min/week) 26(34.67) 14(29.78) 116(44.96) 88(42.92)
High((23000MET min/week) 22(29.30) 8(17.02) 63(24.41) 46(22.43)
Fruit intake None 3(4.00) 1(2.13) 0(0) 2(0.97)
1-2 times 26(34.70) 23(48.93) 68(26.35) 48(23.41)
3 or more times 46(61.30) 23(48.93) 190(73.64) 155(75.60)
Vegetable intake None 2(2.67) 12.12) 3(1.16) 1(0.48)
1-2 times 30(40) 19(40.42) 95(36.82) 85(41.46)
3 or more times 43(57.30) 27(57.45) 160(62.01) 119(58.04)

Notes: Others (wolyita, Tigre, Dawro, Sidama, sheka).

Integrated Blood Pressure Control 2021:14

https:

103

Dove:


https://www.dovepress.com
https://www.dovepress.com

Dereje et al

Dove

Table 2 The Mean and Standard Deviations of Blood Pressure and Anthropometric Measurements for Evaluation of Anthropometric

Indices for Screening Hypertension Among Mizan Tepi University Employees, Southwest of Ethiopia, 2020

Variables Hypertensive Non-Hypertensive

Sex of Respondents Sex of Respondent

Male (Mean(%), n = 75) Female(Mean(), n =47) Male (Mean(%), n=258 Female (Mean(t), n= 205
SPB (mm Hg) 148.63(9.49) 142.95(14.42) 108.02(15.27) 108.33(17.79)
DBP (mm Hg) 92.72(7.93) 92.57(5.42) 72.98(9.03) 73.02(8.96)
HT (cm) 168.13(8.08) 160.14(8.16) 167.23(7.57) 160.70(6.30)
WT (Kg) 69.86(10.91) 64.65(12.33) 62.50(9.16) 58.41(8.53)
WC (Cm) 91.29(7.75) 90.48(8.415) 83.12(8.21) 83.28(8.00)
HC (Cm) 97.63(6.74) 97.51(7.59) 94.33(7.89) 95.84(8.04)
BMI (Kg/m?) 24.78(4.02) 25.24(4.25) 22.31(2.55) 22.58(2.98)
WHtR 0.54(0.04) 0.57(0.05) 0.50(0.05) 0.52(0.05)
WHR 0.94(0.09) 0.93(0.11) 0.88(0.09) 0.87(0.08)

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; WHR, waist to hip ratio; HT, height; WT, weight; WC, waist circumference; HC, hip
circumference; BMI, body mass index; WHtR, waist to height ratio; %, standard deviation.

weight. In both sexes, WC was not a statistically signifi-
cant predictor of hypertension.

Receiver Operating Characteristics
Curve Analysis for Anthropometric
Indices as Screening Indices for

Hypertension
The curve (ROC)
(Figures 3 and 4) showed that, except for BMI, all anthropo-

receiver operating characteristics
metric indices had better performance to screen hypertension
among males than females. Table 4 shows an area under the
curve (AUC), Youden index (YI), sensitivity, specificity,
positive and negative predictive values for both male and
female participants. Among males, WHtR showed highest

discriminatory ability for hypertension having fair accuracy
(AUC=0.769; 95% CI 0.711-0.827, p <0.001), followed by
WC (AUC=0.767; 95% CI, 0.709-0.825, P<0.001) and
WHR (AUC=0.696; CI, 0.626-0.766, P<0.001), while BMI
showed the lowest screening ability with poor accuracy
(AUC= 0.676; CI, 0.601-0.752, P<0.001).

Among females, WHtR showed the best discriminatory
ability for hypertension with fair accuracy (AUC=0.766; CI,
0.695-0.837, p<0.001), followed by WC, that also had fair
accuracy (AUC=0.732; CI, 0.659-0.805, P<0.001) and BMI
with poor accuracy (AUC=0.694; CI, 0.601-0.786,
P<0.001). In females, WHR showed the least screening
ability for hypertension with poor accuracy (AUC=656; ClI,
0.567-0.746, P<0.001).

Categorization of female employees by anthropometric indices

Hundreds

m Increased

® Appropriate

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0% T

WHtR wWcC

T I : E
WHR BMI

Figure | Categorization of female employees by appropriate for waist to height ratio <0.5 and increased WHtR20.5, appropriate for waist circumference <80 and increased
for WC280, appropriate for waist to hip WHR<0.85 and increased for WHR20.85 and for body mass index, appropriate for body mass index <25 and increased for

BMI=25.
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Categorization of male employees by anthropometric indices

M Increased

W Appropriate

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

WHtR wcC

WHR BMI

Figure 2 Categorization of male employees by appropriate for waist to height ratio <0.5 and increased 20.5, appropriate for waist circumference <94 and increased
WC294, appropriate for waist to hip WHR<9 and substantially increased WHR20.9 and for normal weight body mass index <25 and for overweight or obese body mass

index 225.

ROC Curve

Source of the Curve

~—mean waist circemference
~— hody mass index
‘waist to hip ratio
—— waist to height ratio
Reference Line

Sensitivity

00 T T T
00 02 04 06 08 10

1 - Specificity

Diagonal segments are produced by ties.

Figure 3 ROC curve for evaluation of anthropometric indices for screening
hypertension for male employees of Mizan Tepi University, 2020.

The optimal cutoff value for screening hypertension
was developed for males and females with maximum
Youden index. The optimal cutoff points were developed
for WHR (0.90 for male and 0.92 for female), WC
(85.17cm for male and 85.67cm for female), BMI
(24.6kg/m> for male 24.8kg/m’ for female) and WHtR
(0.51 for males and 0.52 for female) (Table 4).

Discussion

The study evaluated the utility of anthropometric indices
including WC, BMI, WHR, and WHtR for screening
hypertension among Mizan Tepi University employees.

ROC Curve

{71

0.6

lJ Source of the Curve

~—mean waist circemference
— bhody mass index
‘waist to hip ratio
— waist to height ratio
Reference Line

Sensitivity

0.4

0.2

00 T T T T
00 02 04 06 08 10

1 - Specificity

Diagonal segments are produced by ties.

Figure 4 ROC curve for evaluation of anthropometric indices for screening of
hypertension among female employees of Mizan Tepi University, 2020.

Meanwhile, we also determined the prevalence of hyper-
tension and the association between anthropometric
indices and hypertension. The overall prevalence of hyper-
tension was 20.9%, which was 22.5% in males and 18.7%
in females.

In our result, among male participants, WHtR, WHR,
and BMI were found to be statistically significant predic-
tors of hypertension. WHtR was a better predictor of
hypertension, those male participants who had increased
WHtR (=0.5) were 3.4 times more likely to be hyperten-
sive than those with appropriate WHtR (<0.5). This
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Table 3 Bivariate and Multivariable Logistic Regression Model for Evaluation of Anthropometric Indices for Screening of Hypertension

Among Employees of Mizan Tepi University, 2020

Indices Hypertension COR(CI) Adjusted OR(CI)
Yes No
Number (%) Number (%)

Male

BMI Overweight or obese (= 25 kg/m?) 33(44.00) 37(14.30) 4.70(2.64-8.32)** 2.40(1.13-5.12)*
Normal weight(<25 kg/m?) 42(56.00) 221(85.60) | |

WHtR Increased (= 0.5) 63(84.00) 107(41.50) 7.40(3.81-14.41)** 3.41(1.55 -7.52)*
Appropriate(<0.5) 12(16.00) 151(58.50) | |

WHR Substantial Increased (= 0.9) 52(69.30) 88(34.10) 4.36(2.51 —7.60)** 3.18(1.55-6.52)*
Appropriate (<0.9) 23(30.60) 170(65.90) | |

wcC Increased(= 94cm) 31(41.30) 34(13.17) 4.64(2.58-8.33)** 0.99(0.44-2.30)
Appropriate (<94cm) 44(58.70) 224(86.80) | |

Female

BMI Overweight or obese (= 25kg/m?) 24(51.10) 40(19.50) 4.30(2.21-8.40)** 2.89(1.25-6.62)*
Normal weight (<25kg/m2) 23(48.90) 165(80.50) | |

WHtR Increased (20.5) 43(91.50) 127(61.90) 6.60(2.26—19.10)** 3.11(0.762-12.77)
Appropriate (<0.5) 4(8.50) 78(38.10) | |

WHR Substantial Increase (20.85) 35(74.50) 125(61.00) 1.87(0.92-3.80) 0.83(0.31 —2.24)
Appropriate (<0.85) 12(25.50) 80(39.00) | |

wC Increased (280) 43(91.50) 131(63.90) 6.07(2.09-17.58)** 2.50(0.55-11.33)
Appropriate (<80) 4(8.50) 74(36.10) | |

Notes: **Significant at 0.001 level and *Significant at 0.05 level.

Abbreviations: COR, crude odds ratio; AOR, adjusted odds ratio; WHR, waist to hip ratio; WC, waist circumference; BMI, body mass index, WHtR, waist to height ratio.

finding is in agreement with a cross-sectional study con-
ducted in Malaysia.'> This could be due to the fact that
this extra accumulation of fat leads to a decreased level of
high-density lipoprotein and an increased level of low-
density lipoprotein and triglyceride® and the increased
level of low-density lipoprotein is a risk factor for
hypertension.**

In the current study, those males with substantially
increased WHR (=0.9) were 3.2 times more likely to be
hypertensive than those with appropriate WHR (<0.9).
However, WHR was not found to be a significant predictor
of hypertension in females, this could be due to males tend
to accumulate fat centrally more than females.* In our
study, males had a higher mean WHR than females.

Our study showed that BMI was a statistically signifi-
cant predictor of hypertension in both sexes. Those males
and females who were overweight or obese had 2.4 times
and 2.9 times higher odds of being hypertensive than those
who were normal weight, respectively. A similar finding

was obtained from a study conducted in Iran.** This could
be due to the fact that an increased level of BMI is
indicative of accumulation of fat tissue, which is a risk
factor for hypertension.*

Our study found that, according to ROC analysis,
abdominal obesity indices including WHtR, WC, and
WHR showed better screening ability for hypertension
than BMI. This is because fat accumulated around our
abdomen increases the hemodynamic changes that occur
due to obesity. Visceral fat predisposes to higher health
risks than subcutaneous fat due to its vascular anatomical
and metabolic activity. Visceral fat drained directly by the
portal vein, therefore free fatty acid will get direct access
to the liver. Abdominal fat cells have active biological
metabolism and a higher affinity for releasing a larger
quantity of pro-inflammatory adipokines and free fatty
acid. The entrance of free fatty acids to the liver results
in reduced extraction of insulin by the liver, which leads to

systematic hyperinsulinemia and inhibition of suppression
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Notes: **Significant at 0.01 level and *Significant at 0.05 level.

Abbreviations: AUC, area under the curve; WHR, waist to hip ratio; WC, waist circumference; BMI, body mass index; WHtR, waist to height ratio; PPV, positive predictive value; NPV, negative predictive value.

of glucose production by insulin. This condition will
exacerbate insulin resistance, dysregulation of hepatic
metabolism, and finally, leading to cardiovascular disease.
Additionally, intra-abdominal fat is highly linked to a low
level of high-density lipoprotein and a high level of hepa-
tic glyceride lipase.*'*’

The waist-to-height ratio had the highest discrimina-
tory ability for screening hypertension in both sexes than
the other indices in the study. This finding was in line with
cross-sectional studies conducted in Saudi Arabia, China,
Brazil, and Jimma.?>~*>**%° The possible reason for WHtR
to be a better tool for screening hypertension could be due
to its consideration of both height and WC of an indivi-
dual. The height could affect the fat distribution; resulting
in short people having a higher chance of accumulating fat
centrally, and they also have a higher level of blood
cholesterol and SBP than tall people.”® This is supported
by a cross-sectional study that reported the inverse rela-
tionship between cardiovascular risk factors and height.>!

The waist-to-height ratio is a sensitive and inexpensive
index, which was found to be best correlated with fat mass
than other obesity indexes.>* In addition, waist and height
are measured simply by using only tape meters; self-
assessment is easy and easily calculated than BMI. It
also identifies health risks early; predicts cardio metabolic
risk factors, illness, and death better than other obesity
indexes. Similar cutoff points were suggested for males
and females, different ethnic groups, and age
ranges. 19345354

In contrast to our finding, some cross-sectional studies
revealed that WHtR is not a better predictor of hyperten-
sion than other obesity indices. For example, a cross-
sectional study done among Japanese males stated that
WHIR is not better screening index by itself, it is only
because it is highly correlated with WC.>> Another cross-
sectional study conducted among Filipino participants
reported that BMI, WC, and WH(R had comparable ability
to screen hypertension.>® This discrepancy could be due to
the difference in sex and age of participants and method of
statistical analysis. For example, a study in Japan only
conducted Pearson correlation coefficient, unlike our
study, which conducted ROC curve analysis. The mean
age of Filipino participants was higher (53+£7) than our
participants (32.3+6.6). BMI and WC were reported to be
notable indicators of hypertension risk in middle age
groups.”’

Our finding revealed that WC and WHR were signifi-
cant discriminators of hypertension having fair accuracy in
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both males and females. A similar finding was obtained in
a study conducted in Malaysia.'> However, evidence sug-
gests that WC has shortcomings due to its collinearity with
BMI and weight; the limited ability to predict mortality
and morbidity.”® Unlike WHtR, WC does not account for
the height of an individual during risk assessment.
Individuals with the same WC but different height may
not have a similar quantity of fat and risk for cardio
metabolic disease including hypertension.>’

The finding of the present study suggests that, for both
males and females, BMI had lower and poor discrimina-
tory ability for screening hypertension than central obesity
indexes. This result agreed with cross-sectional studies
conducted in Brazil, Saudi Arabia and Korea.>”**® The
decreased power of BMI to screen hypertension could be
due to its incapability to differentiate fat mass and muscle
mass which might lead to under screening of health
risks.>' This is supported by a result from the Britain
study, which indicated that more than one in 7 normal
weight males and more than one in 3 normal weight
females could be at increased health risk according to
their abdominal fat distribution.*

It was explained that utilizing only weight and height
to screen health risk without considering fat distribution is
becoming outmoded since health risk is associated with
central fat distribution.*? In addition, BMI was found to be
a poor predictor of health risk and death.’* BMI is an
insensitive index to give response to lifestyle change
than other obesity indices; a person may be losing weight
and gaining muscle while doing physical activity. This
may lead to decreased abdominal obesity but will show
little change or no change in BMIL°"

In the present study, the optimal cutoff points were devel-
oped for WHtR, WHR, WC and BMI based on Youden index.
The cutoff points developed for WHIR to screen hypertension
were 0.51 for males and 0.52 for females. This finding was
consistent with cross-sectional studies done in Singapore,
Korea, China, Brazil and Jimma.'®*?%3%% The study in
China suggested that having a similar cutoff point to screen
hypertension indicates WHtR offset gender difference that
occurs due to steroids that control both weight and height.
This small difference of WHtR cutoff point in different set-
tings made it more likely to be utilized widely.

The waist-to-height ratio having a cutoff value of 0.5
was suggested as a proxy to screen hypertension to be
utilized by all ethnic groups worldwide. This will be help-
ful to nations with poor resource settings for the preven-
tion and early detection of hypertension. This simple

cutoff value will be an input for a national strategy to
prevent NCD by giving simple behavioral change in com-
munication. There is also a possibility of transferring one
message from childhood to adulthood which says “Keep
your waist circumference to less than half your height”.**
The optimal cutoff point for WC was developed to screen
hypertension for male (85.17cm) and female participants
(85.67cm). This cutoff point was consistent with a study
conducted in Singapore'® but was lower than a study con-
ducted in Jimma and the international cutoff points.?>%*
Cross-sectional studies done in Malaysia, Canada and
Korea had higher WC cutoff values than our study.'>**°
The optimal cutoff point developed for WHR to screen
hypertension was 0.90 in males and 0.92 in females. This
cutoff point was higher than the cross-sectional study
conducted in Jimma (0.86 for males and 0.89 for
females),”> while was lower than the cutoff value from
a study conducted in Brazil *°
The optimal cutoff point for BMI to screen hypertension
was developed for both males (24.6Kg/m2) and females
(24.8kg/m2). A similar finding was seen from a cross-
sectional study done in Korea® and Jimma.>> But the BMI
cutoff point developed in our study was lower than the cutoff
point obtained in the Singapore study.'® The possible reason
for these differences could be due to racial differences. It
was stated that there is an underestimation of obesity in
Ethiopians while utilizing the Caucasians cutoff point.®*
The finding of this study has implications in developing
countries like Ethiopia since there is urbanization-related
lifestyle change, which may lead to the nutritional and
demographic transition. This condition is responsible for
the unexpected rise in the prevalence of NCD like hyperten-
sion, diabetes mellitus, and cardiovascular disease, which
results in the country facing a double burden of disease,
from  both
diseases.'® So the finding of our study may be used as an

communicable and non-communicable
input for future programs that aim for the prevention of
NCD like hypertension. The following limitations are for-
warded for future researchers to address them. Due to the
cross-sectional nature of the study, we were not able to
evaluate the cause—effect relationship between the obesity
indices and hypertension. This cross-sectional nature of our
study unables us to establish the temporal relationship
between the anthropometric indices and hypertension. The
other limitation is measurement error. We tried to reduce the
measurement error by doing a standardization exercise but

still, measurement error could be there.
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Conclusion

The prevalence of hypertension is high in the study area. The
waist-to-height ratio was found to have better screening
ability for hypertension than other obesity indices among
Mizan Tepi University employees. The developed optimal
cutoff point for WHtR was 0.51 for males and 0.52 for
females. This implies that WHtR can be utilized to screen
hypertension in resource-limited settings like Ethiopia.
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