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Abstract

rural areas of Nepal.

Background: Studies regarding blood pressure of Nepal have demonstrated a contrasting prevalence. We aimed at
providing a generalized estimate of the prevalence of hypertension and prehypertension in urban, suburban, and

Methods: This systematic review followed PRISMA guidelines. A thorough search of PubMed, EMBASE, and Web of
Science was performed, and studies satisfying the eligibility criteria were reviewed. Pooled prevalence was calculated by
random-effects model, and the sources of heterogeneity were explored with meta-regression and subgroup analysis.

Results: Twenty-three studies with 99,792 subjects were identified, and the estimated rate of hypertension and
prehypertension were found to be 27.3% (95% Cl: 23.8-30.9) and 35.4% (30.3-40.8). The prevalence of hypertension was
284% (224-34.7), 25.5% (21.4-29.8), and 24.4% (17.9-31.6) among urban, suburban, and rural populations, respectively.
Moreover, rates of hypertension were found to be substantially higher in male (31.6%, 27.3-36.1) compared to female
(20.0%, 14.2-26.6), and significantly higher among the middle-aged (240 years; 36.8%, 29.4-44.5) than among younger
adults (< 40 years; 13.2%, 9.2-17.7). Further, prehypertension prevalence was found to be highest in rural areas (40.4%,
25.4-564) followed by urban areas (29.3%, 20.8-38.5) and lowest in suburban areas (25.5%, 18.9-32.7).

Conclusions: Our study identified an alarming situation of hypertension among Nepalese males and middle-aged, and a
situation of concern with prehypertension in rural areas affecting almost 40 % of the population.
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Background

High blood pressure (HBP) is responsible for more than
half of all strokes and coronary disease [1], and is now con-
sidered the biggest contributor to the global burden of
non-communicable diseases (NCDs) and mortality [2].
The World Health Organization (WHO) reported HBP to
be more alarming in low- and middle-income countries
(LMICs) [3]; with Nepal being no exception as it is cur-
rently suffering from a double burden of diseases due to its
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transition from a phase of communicable diseases to that
of a higher prevalence of NCDs [4].

One study analyzing HBP in developing countries
pointed out that the prevalence of hypertension in Nepal
was still at a low level (<20%) [5], in contrast to another
study conducted in the Birendranagar municipality of the
Surkhet District which indicated a more severe status with
an HBP percentage rising as high as 38.9% [6]. This dis-
crepancy may have emerged due to the diverse prevalence
of hypertension in different populations of Nepal. Further,
the rate of prehypertension, which was also reported not-
ably different from each other (range: 22.1-48.0%) [7, 8],
will undeniably evolve to HBP if not controlled . A more
generalized estimate of hypertension and prehypertension
prevalence will therefore provide an important back-
ground to health-related authorities to understand the
disease’s status in Nepal. Although there were three
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nationwide studies aiming at probing the HBP situation in
Nepal [9-11], they reported diverging hypertension and
prehypertension status which probably arose due to the
different age compositions of respondents and other con-
founders. The actual blood pressure (BP) status in Nepal
urges further verification. At present, there has been no
systematic review of the Nepalese prehypertension situ-
ation. Limited existing meta-analyses for hypertension
have been broadly focused either on LMICs, Asian popu-
lations, or the South Asian Association for Regional
Cooperation (SAARC), but none has been focused specif-
ically on Nepal. In addition, previous studies concentrated
on comparing BP status between urban and rural areas [9,
10], while many epidemiological studies were conducted
in suburban areas and the prevalence of HBP in this re-
gion need to be clarified, and targeted policies may benefit
from regional analysis.

Thence, we aimed at filling this gap using strong
meta-analytic evidence by merging existing scientific lit-
erature to obtain a robust generalized estimate of the
prevalence of both hypertension and prehypertension in
the urban, suburban, and rural parts of Nepal.

Methods

Study design

This systematic review was conducted following PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines [12], and the PRISMA checklist
is provided as an Additional file 1. Although the criteria for
HBP is evolving, in our study the presence of prehyperten-
sion was still defined as systolic BP 120-139 mmHg and
diastolic BP 80—-89 mmHg; and hypertension was defined
as an average BP >140/90 mmHg and/or the use of antihy-
pertensive medication according to the JNC VII report
[13], because the latest criteria is not widely accepted yet
and all the compiled studies complied with the JNC VII re-
port. The method used in this study was composed of the
following steps: (1) a survey of the literature for relevant
studies on the prevalence of hypertension in Nepal; (2)
data extraction; and after pooling data, (3) meta-analysis.

Search strategy and selection criteria

An initial search for studies by a combination of Medical
Subject Headings (MeSH) terms consisting of ‘hyperten-
sion’ and its relevant synonyms was performed using
PubMed, EMBASE, and Web of Science. The search was
restricted to publications from January 2000 to August
2018 that were conducted on the human species and pub-
lished in the English language. (We also searched relevant
databases for possible publications in Nepalese and Chin-
ese but none was found). The results were further nar-
rowed by adding ‘Nepal’ as another key word. The search
details of PubMed were as follows: ((“hypertension”[MeSH
Terms] OR “hypertension”[All Fields]) OR “high blood
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pressure”’[All Fields] OR “elevated blood pressure”[All
Fields] OR “raised blood pressure”’[All Fields]) AND
(“nepal”’[MeSH Terms] OR “nepal’[All Fields]) AND
((“2000/01/01”[PDAT]:  “2018/08/31”[PDAT]) AND
“humans”’[MeSH Terms] AND English[lang]). A man-
ual search for additional potential studies was per-
formed using the references cited in the retrieved
reviews and original research articles. The reason why
excluding studies conducted before year 2000 was the
definition of ‘hypertension’ we use being lastly revised
and implemented in year 1999.

Two authors (Yun Huang, Pi Guo) independently
reviewed the titles and abstracts culled from the searches,
and full texts of potentially eligible studies were down-
loaded and further screened for final inclusion in our
study. The eligibility criteria for inclusion were: (1) ori-
ginal articles from non-hospitalized and population-based
surveys reporting HBP prevalence (or containing data to
calculate the prevalence); (2) respondents without restric-
tion to specific age groups or populations; (3) containing
information on the study location (urban/suburban/rural);
(4) presenting HBP prevalence without other associated
comorbidities; (5) using a non-convenience sampling
method and with a sample size above 500 participants.
For studies published in more than one edition, we con-
sidered the most comprehensive one. When there was un-
certainty or disagreement between the two authors as to
the eligibility of a study, another author (Yuantao Hao)
was asked for guidance to reach a consensus. The study
selection process is shown in Fig. 1.

Data extraction

All data were extracted independently by two authors
(Yun Huang, Pi Guo) using a standardized protocol. The
characteristics recorded for each eligible study included the
first author’s name, year of publication, study design, sam-
pling methods, age range of participants, net sample size
(the total number of participants, and the number of male
and female separately), number of events (hypertensive and
pre-hypertensive cases), corresponding prevalence, methods
of BP measurement (the type of device used, the number of
BP readings taken, and the time interval between the
measurements), diagnostic criteria of hypertension, re-
sponse rate, survey year, survey site, and location of
study (urban/suburban/rural).

We then performed a quality assessment of the retained
studies based on the completeness of the eligibility
criteria, sampling strategy, age range, sample size,
non-response rate, survey year, explanation of limitations
of the study, and BP measurement techniques [14, 15]. In
total, twelve domains were assessed. A score of 1 was allo-
cated for those fulfilling the conditions in each domain, a
score of 0.5 for partial fulfilment, and a score of 0 for
non-fulfillment of the conditions. The detailed scoring
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Fig. 1 PRISMA flow diagram of the study selection process
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table is provided as a Additional file 2. The maximum
score was 12 and studies scoring 10.0 or above were con-
sidered high-qualified, those scoring 8.0-9.5 were classi-
fied as middle-qualified, and the rest were classed as
low-qualified.

Statistical analysis

Meta-analysis was performed using the packages ‘meta’
and ‘metafor’ in R software (version 3.4.2). To weaken the
effect of studies with extremely small or large prevalence
on the overall estimate, we transformed the data with the
Freeman-Tukey double arcsine function before pooling
the prevalence [16]. We estimated heterogeneity among
studies using Cochrane’s chi-square (y2) test and quanti-
fied it with I” index. I* is defined as the proportion of total
variation provided by between-study variation, and was
denoted the values of 0, 25, 50, and 75% which corre-
sponds to no, low, moderate, and high heterogeneity, re-
spectively [17]. A p < 0.05 from Cochrane’s chi-square (x2)
test or large I* demonstrate substantial heterogeneity.
Random-effects model was constructed to address hetero-
geneity in the pooled prevalence. An univariate
meta-regression was performed by setting possible con-
founders as moderator with function ‘rma.glmm’ in the

‘metafor’ package to explore for sources of heterogeneity
(a 5% level of statistical significance), then we categorized
studies into subgroups according to findings from the
meta-regression and performed meta-analysis for each
subgroup respectively to certify the results of the
meta-regression. We applied the symmetry of funnel plots
and did both Begg’s adjusted-rank correlation test and
Egger’s regression asymmetry test to evaluate publication
bias [18, 19]; a p—value of less than 0.10 was considered
indicative of statistically significant publication bias.

Results

Study characteristics

In total, 953 studies were retrieved, of which 23 met the in-
clusion criteria in the primary review of hypertension preva-
lence [6-11, 20-36]. It should be noted that one researcher
(Sharma S.K.) had two publications that analyzed overlap-
ping populations [23, 25]. In the 2010 publication we only
extracted pre-hypertensive data as this was not presented in
the second report, and only hypertensive data were ex-
tracted from the 2011 publication. Three other studies con-
ducted among specific gender groups were only included in
the gender-specific subgroup analysis [21, 27, 30].
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As can be observed from Table 1, the publication years
spanned from 2006 to 2018. The 23 retained studies to-
taled 99,792 participants (ranging from 527 to 15,934 par-
ticipants). In the retained studies, the majority of
participants were found to be above 18 years of age. The
response rates of each survey varied from 69.2 to 99.6%.
Excepting two studies in which the surveyed time was not
reported, eleven studies were conducted after 2010 and
the other ten studies were conducted between 2001 to
2010. The surveyed sites covered Nepal broadly, among
which six were from urban regions, six from suburban re-
gions, six from rural areas, and five contained both urban
and rural residents. In most of the studies analyzed, a
manual sphygmomanometer (n =12) was preferred, nine
others used a digital sphygmomanometer, and two did not
provide any information about the measuring device used.
The frequency for taking BP measurements varied from
one to four and the intervals between each measurement
ranged from half a minute to half an hour. Each study was
scored and ranked accordingly; out of these only three
studies were identified as low-qualified [8, 30, 32].

Burden of hypertension and prehypertension

The HBP situation in Nepal is illustrated by the Forest
plot in Fig. 2 Previous reports of HBP prevalence were
found to vary widely, with rates ranging from 15.1 to
38.9%. It is worth mentioning that seven out of nineteen
studies showed prevalence higher than 30% and that the
overall estimate was found to be 27.3% (95% confidence
interval (CI): 23.8—-30.9%).

The pooled regional estimates of hypertension were
28.4% (95% CI: 22.4-34.7%), 25.5% (95% CI: 21.4-29.8%),
and 24.4% (95% CI: 17.9-31.6%) for the urban, suburban,
and rural areas respectively. HBP was found to be sub-
stantially affecting male (31.6%; 95% CIL: 27.3-36.1%) as
compared to female (20.0%; 95% CI: 14.2-26.6%), and this
tendency was found to be consistent in three residential
areas (Table 2).

Ten studies reported the prevalence of prehypertension
[7, 8, 10, 11, 22-24, 31, 32, 36], among which, the lowest
and highest rate was 22.1 and 48.0%, and the pooled esti-
mate was 35.4% (Fig. 3; 95% CI: 30.3—-40.8%). In addition,
the prevalence of prehypertension was calculated to be
highest in rural areas (40.4, 95% CI: 25.4—-56.4%), followed
by urban areas (29.3, 95% CI: 20.8-38.5%), and lowest in
the suburban areas (25.5, 95% CI: 18.9-32.7%). And there
was no significant difference between male (39.0, 95% CI:
33.1-45.2%) and female (37.0, 95% CI: 27.1-47.6%).

Publication bias and sources of heterogeneity

Figure 4 illustrates the Funnel plot for the visual assess-
ment of publication bias and, as observed by the sym-
metrical pattern, no publication bias was found. In
addition, both Begg’s adjusted-rank correlation test and
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Egger’s regression asymmetry test showed no evidence
of substantial publication bias (P =0.861 for Begg’s test;
P =0.875 for Egger’s test).

Previous results showed a considerable heterogeneity
(P =99% and P <0.01) among retained studies. Meta-re-
gression findings indicated that sample size (P =0.928),
gender ratio (P =0.948), inception of survey (P =0.721),
definition of hypertension (P =0.363), quality score of
study (P=0.347), and measurement device (P=0.769)
were not associated with the heterogeneity observed
(Table 3). Moreover, the age of participants (P =0.001)
and quality grade of each study we ranked (P =0.027)
were identified as potential sources of heterogeneity.

To certify the findings of meta-regression, subgroup
analyses for specific age and quality grade groups were
performed. The HBP prevalence was found to rise with
an increase in age and was significantly higher among
age group 40 or above (36.8, 95% CI: 29.4-44.5%) in
contrast to that below 40 years (13.2, 95% CI: 9.2-17.7%;
Table 2). Considering data limits, we just performed sub-
group analyses for high- (22.6, 95% CI: 16.4-29.5%),
middle- (38.6, 95% CI: 36.9-40.3%), and low- (21.4, 95%
CIL: 19.1-23.7%) qualified studies within rural areas. It is
noticeable that HBP prevalence among middle-qualified
studies was actually higher than rates among
high-qualified and low-qualified studies.

Discussion

The pooled prevalence of HBP obtained from our study
was found to be 27.3% (95% CI: 23.8-30.9%), higher
than that reported in low-income countries (23.1%), but
similar to the average rate in the SAARC regions (27.1%)
and that reported in the Nepal nationwide STEPS survey
(25.7%) [9, 37, 38]. A previous systematic review per-
formed by Neupane D, et al. demonstrated partly compar-
able results with ours (29.7%; 95% CI: 26.9-32.6%) [38].
However, there are some notable differences. First, Neu-
pane D, et al. aimed at the entire SAARC region’s HBP
prevalence and its associated risk factors rather than pri-
marily focusing on the HBP prevalence of Nepalese as
presented in our study. Second, they only included five
original researches into their meta-analysis, which totaled
nearly one-quarter of our participants (n=22,939) and
one of their included studies accounted for males only
was not representative of Nepalese in general. Thus, a
more comprehensive analysis was necessary to reveal the
present Nepalese HBP situation.

Previous literature on HBP prevalence often catego-
rized residents by urban and rural regions, while we sub-
divided residents into three categories, namely urban,
suburban, and rural, for an improved practical and fac-
tual analysis. Based on the regional analysis, although
the HBP status appeared somewhat more severe in
urban regions, we found that the prevalence of the three
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0.151 [0.136;0.167]  5.3%
0.205 [0.175;0.238]  5.2%

T 0.257 [0.244:0.271]  5.4%
8 0.325 [0.288;0.365] 5.1%
= 0.278 [0.251:0.306]  5.3%
u 0.298 [0.281:0.315]  5.3%
. 0.389 [0.361:0.418]  5.3%

_

Proportion 95%-Cl Weight
0.197 [0.174;0.221] 5.3%
0.233 [0.207;0.261] 5.2%
0.289 [0.258;0.322] 5.2%

0.339 [0.332;0.347] 5.4%

= 0.317 [0.297;0.339] 5.3%
0.224 [0.189;0.262] 5.1%

—a 0.338 [0.312;0.366] 5.3%
0.216 [0.188;0.247] 5.2%

- 0.386 [0.369;0.403] 5.4%

0.223 [0.200; 0.247] 5.3%

0.196 [0.189;0.202] 5.4%
0.371 [0.331;0.411]  5.1%

0.273 [0.238; 0.309] 100.0%

0.15 0.2 0.25 0.3 0.35 0.4

Study Events Total
Deewakar Sharma (2006) 219 1114 .
U. K. Shrestha (2006) 236 1012
Koju R (2010) 230 796
Sanjib Kumar Sharma (2011) 4894 14422
KD Mehta (2011) 615 1938
Chataut J (2011) 118 527
Abhinav Vaidya (2012) 412 1218
Abhinav Vaidya (2013) 168 777
Sanjib Kumar Sharma (2013) 1243 3218
Adhikari K (2014) 276 1240
Koju R (2015) 317 2100 ——
Chataut J (2015) 133 648
Krishna Kumar Aryal (2015) 1065 4143
Raja Ram Dhungana (2016) 191 587
Biraj M Karmacharya (2017) 298 1073
Dinesh Neupane (2017) 838 2815
Mahesh Kumar Khanal (2017) 451 1159
Ministry of Health,Nepal (2017) 2835 14494
Basant Maharjan (2018) 215 580
Random effects model 53861
Heterogeneity: 12 = 99%, p <0.01 f T
Fig. 2 Prevalence of hypertension in Nepal

areas was comparable, and this was in accordance with
an insignificant difference between urban and rural habi-
tation presented in previous studies [9, 10]. The primary
driver for this observed phenomenon may be rapid
urbanization, change in dietary patterns, and behavioral
factors like smoking and harmful drinking that result in
suburban and rural residents catching up with urban
populations in the process of exacerbating NCDs [39].
Higher HBP prevalence in male compared to female
was found in our study, which was similar to that of two
previous systematic reviews [37, 38]. It is worth men-
tioning that there were only two studies [20, 22], out of
the seventeen which mentioned prevalence in both male
and female, that reported no considerable differences

Table 2 Prevalence of hypertension in Nepal classified by area,
age, and gender

Characteristics ~ Male Female Both genders
Residence
Urban 33.8(263,41.8) 276 (209, 34.8) 284 (224,347)

Suburban 31.5(238,39.7) 224 (185,265)  255(214,298)

Rural 30.2 (205, 40.9) 13.1 (7.7, 19.6) 244 (179,31.6)
Age (years)

<30 7.0 (6.082) 28 (2.1,34) 8.1 (49,120
30-39 244 (153,34.8) 134 (9517.9) 2(138,187)
40-49 326 (19.3474) 29.1 (19.5,39.8) 289 (224358)
50-59 9(27.762.7) 394 (26.6,53.0) 35.6 (26.845.0)
260 447 (33.7,55.9) 7 (333,56.5) 435 (33.8,53.5)
<40 19.9 (9.0,33.7) 10.7 (4.6,19.0) 2(92177)
240 41.8 (29.6,54.4) 37.9 (28.0484) 36.8 (29.444.5)
Total 316 (273,36.1) 200 (142,266) 273 (23.8,309)

between the genders. In addition, our findings also re-
vealed that higher HBP in male was consistent in urban,
suburban, and rural areas. This gender difference may
be attributed to male as they are more easily exposed to
behavioral risk factors, such as a significantly high level
of tobacco and alcohol use [31].

The pooled prehypertension prevalence in our findings
was similar to the estimated global figure (35.4% vs.
38.0% respectively) while higher than that of the SAARC
region (29.6%) [38, 40]. Furthermore, results of this
meta-analysis identified that the prevalence of prehyper-
tension is more alarming in Nepalese rural populations
(40.4%), with the status in urban residents (29.3%) con-
cerning as well, while suburban residents comparably re-
tain a more “comfortable” status (25.5%). We did not find
significant differences between male and female as previ-
ous reviews did [38, 40]. It is undeniable that prehyperten-
sion would probably lead to a considerable burden of
hypertension in the coming future. Thus, an urgent need
for prioritizing its status is strongly recommended. The
findings of this study provide crucial information for Nep-
alese local authorities to distinguish where to focus aware-
ness and screening programs.

The reported HBP prevalence varied considerably across
the included studies indicated a notable heterogeneity.
The results of meta-regression and subgroup analyses sug-
gested that heterogeneity was directly associated with the
age of participants and the quality grade of the included
studies. Further, we found that the prevalence was signifi-
cantly higher in the middle-aged (=40 years) compared to
that in younger adults (< 40 years). Based on the wide and
multi-database literature-search , we are the first to pro-
vide strong evidence for such an age boundary. A reason-
able explanation was given by a previous study which
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Study Events Total
Deewakar Sharma (2006) 246 1114 ——
Koju R (2010) 232 796
Sanjib Kumar Sharma (2010) 3230 8397

KD Mehta (2011) 752 1938
Chataut J (2011) 253 527
Adhikari K (2014) 510 1240

Koju R (2015) 915 2100
Chataut J (2015) 302 648
Ministry of Health,Nepal (2017) 3961 14494
Basant Maharjan (2018) 130 580 ——
Random effects model 31834

—m

Proportion 95%-Cl Weight

0.221 [0.197; 0.246]

0.291 [0.260; 0.324]

0.385 [0.374; 0.395]
. 0.388 [0.366; 0.410]
0.480 [0.437;0.524]
0.411 [0.384; 0.439]
E 0.436 [0.414;0.457]
0.466 [0.427;0.505]
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0.224 [0.191; 0.260]

10.0%
9.9%
10.3%
10.1%
9.7%
10.0%
10.1%
9.8%
10.3%
9.8%

0.354 [0.303; 0.408] 100.0%

Heterogeneity: 12=99%, p <0.01

Fig. 3 Prevalence of prehypertension in Nepal
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suggested that age-related structural changes in blood ves-
sels gradually lead to narrowing of the vascular lumen,
and consequently could increase the risk of acquiring
HBP [41]. For studies conducted in rural areas, middle-
quality studies showed a significantly higher prevalence.
As to the heterogeneity resulting from respondents’ age,
we recalculated the HBP prevalence, with the exclusion of
three studies, that included a non-generalized age range
without younger adults [6, 20, 24], and the estimate was
found to decrease slightly from 27.3 to 26.5% (95% CI:
22.7-30.6%), this may be a more precise figure reflective
of present Nepalese hypertension status.

It is worth mentioning that Nepal has developed the na-
tional Multi-sectoral Action Plan for prevention and
control of NCDs (2014-2020), including hypertension pre-
vention and management for the prevention of cardiovas-
cular disease [42]. One of the programs under the action
plan is the WHO Package of Essential Non-communicable
disease interventions for primary health care in low-re-
source settings, which began implementation in Nepal in

o
o
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Freeman-Tukey Double Arcsine Transformed Proportion
Fig. 4 Funnel plot showing the transformed proportion of
hypertension in each study by the standard error

2016. The program will cover 75 districts in a 5-year
period in Nepal and will continue providing access to
the diagnostic services in primary health care settings
[43]. These plans may bring feasible ways of mitigating
the burden of NCDs.

To our knowledge, this is the first comprehensive re-
port targeted at evaluating the scientific literature on the
prevalence of hypertension and prehypertension in the
urban, suburban, and rural populations of Nepal. Despite
such findings, there are some limitations of this study
that should be mentioned. Studies from only three of
the most commonly used platforms (PubMed, EMBASE,
and Web of Science) were searched. Several included ar-
ticles provided only a crude prevalence with no specified
hypertensive events. Further, a noteworthy heterogeneity
was observed among retained studies so that large-scale
nationwide and more representative epidemiological
studies are needed to confirm the results of this study.

Table 3 Results of the meta-regression model

Moderators Coefficient Standard error P-value
Mean age 0.069 0.022 0.001*
Sample size 0.000 0.000 0.928
Gender (male ratio) -0.078 1.191 0.948
Inception of survey -0.007 0.018 0.721
Definition of hypertension 0.363

2 140/90 OR medicine Reference

2 140/90 -0.167 0.183 0.363
Quality score of study —-0.057 0.061 0.347
Quality grade 0.027*

middle Reference

high -0.351 0.155 0.023*

low —-0.568 0.255 0.026*
Measurement device 0.769

manual Reference

digital —0.0497 0.1696 0.769

*P<0.05
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Conclusion

This systematic review identified an alarming situation
of hypertension in Nepalese male and middle-aged
(=40 years), as well as a situation of concern regarding the
prehypertension status which affects almost 40 % of the
rural population. Improving the population-level aware-
ness of HBP; facilitating routine screening aiming at those
high-risk groups through integrating of NCDs with pri-
mary health care; and effective implementation of NCDs
Multisectoral Action Plan (2014-2020) offer potential
means for addressing the burden of increased blood pres-
sure in Nepal.
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