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Introduction. Hypertension and its association with socioeconomic positions are well established. However, the gradient of these
relationships and the mediating role of lifestyle factors among rural population in low- and middle-income countries such as
Nepal are not fully understood. We sought to assess the association between socioeconomic factors (education, income, and
employment status) and hypertension. Also, we assessed whether the effect of education and income level on hypertension was
mediated by lifestyle factors. Methods. This cross-sectional study was conducted among 260 participants aged >18 years attending
a rural health center in Dolakha, Nepal. Self-reported data on demographic, socioeconomic, and lifestyle factors were collected,
and blood pressure, weight, and height were measured for all study participants. Those with systolic blood pressure >140 mm Hg
or diastolic blood pressure >90 mm Hg or administrating high blood pressure-lowering medicines were regarded as hypertensives.
Poisson regression models were used to estimate the prevalence ratios and corresponding 95% confidence intervals to assess the
association between socioeconomic factors and hypertension. We explored mediation, using the medeff command in Stata for
causal mediation analysis of nonlinear models. Results. Of the 50 hypertensive participants, sixty percent were aware of their
status. The age-standardized prevalence of hypertension was two times higher for those with higher education or high-income
category. Compared to low-income and unemployed groups, the prevalence ratio of hypertension was 1.33 and 2.26 times more
for those belonging to the high-income and employed groups, respectively. No evidence of mediation by lifestyle factors was
observed between socioeconomic status and hypertension. Conclusions. Socioeconomic positions were positively associated with
hypertension prevalence in rural Nepal. Further studies using longitudinal settings are necessary to validate our findings especially
in low- and middle-income countries such as Nepal.

1. Introduction

Hypertension is one of the major risk factors for cardio-
vascular diseases (CVDs) and all-cause mortality globally [1]
disproportionately affecting middle-aged individuals in low-
and middle-income countries (LMICs) including Nepal. The
economic implication of CVDs is huge; they cost LMICs
USD 3.7 trillion between 2011 and 2015, approximately 2%

of the gross domestic product across LMICs [2]. A national
survey in Nepal reported a prevalence of 24.5% [3], ranging
from 12% in rural populations [4, 5] to 29% in semiurban
population [6], and this percentage will keep increasing
every year. Therefore, in resource-constrained countries
such as Nepal, effective management of hypertension is
imperative for reducing CVD events and associated eco-
nomic burdens [7].
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Socioeconomic status (SES) is a strong predictor for
hypertension, its awareness, and adherence to control
measures [8]. In high-income nations, individuals with a
lower level of education and income have been associated
with an increased risk of hypertension [9-11]. However, in
LMIGC, this association is complex. For instance, the prev-
alence of hypertension was higher among low SES groups in
Brazil [12, 13] and Peru [14], while greater among high SES
groups in South Asian countries [14-18]. Studies from Nepal
have also reported an elevated blood pressure among af-
fluent individuals [19], whereas highly educated individuals
[4, 5] and men doing labor-intensive work had normal blood
pressure. The possible reasons for the low prevalence of
hypertension among higher SES groups in LMICs might be
due to increasing health awareness [20, 21], lower psycho-
logical stressors [20], and better accessibility of and ad-
herence to medical treatment [22] among highly educated
groups. On the other hand, the higher prevalence seen
among low SES groups might be due to sedentary lifestyle
choices [23, 24], which are rising due to urbanization and
globalization in LMICs [25] such as Nepal.

The inconsistencies in the SES and hypertension as-
sociation warrant exploration of potential modifiable
mediators. Lifestyle factors such as body mass index (BMI),
alcohol intake, physical activity, and smoking are com-
monly viewed as mediators between SES and health and
that healthy lifestyle might attenuate the socioeconomic
inequities in health [26, 27]. Studies from high-income
countries suggest that variations in BMI, smoking, and
alcohol between different SES groups [28] account for
substantial proportion of inequalities in hypertension
[10, 29]. However, these roles are not adequately explored
in low-income settings where health system capacities and
disease profiles are different. Most earlier hypertension
studies in Nepal have focused on estimation of prevalence
among urban and semiurban areas. To the best of our
knowledge, so far, no study has documented the mediating
role of lifestyle factors in SES and hypertension associations
in rural Nepal. The primary objective of this study was to
assess the temporal association between SES and preva-
lence of hypertension among patients visiting Kirnetar
Health Center in rural Nepal. Furthermore, we assessed
whether the effect of these socioeconomic factors on hy-
pertension was mediated by lifestyle factors.

2. Methods

Study setting: the study was conducted at Kirnetar Health
Center in the rural village of Dolakha district in Nepal. The
health center was established in 2012, and it serves the
population from eight nearby villages providing primary
level health services six days a week, including 24-hour
emergency services.

Study design and population: a cross-sectional study was
conducted among individuals who visited the Kirnetar
Health Center for clinical examination or to purchase
medicine from 27.10.2016 through 01.12.2016. Voluntary
participants above 18 years were included, whereas pregnant
women were excluded from the study.
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Sample size: the sample size of 260 participants was
estimated using the Raosoft sample size calculator at 80%
power and 5% critical limit (95% confidence interval). The
estimated margin of error with this sample size was 200
(6.48%) and 300 (5.10%).

Data collection: all recruited voluntary participants were
interviewed by the trained enumerators. The self-reported
information on demographic, socioeconomic, clinical his-
tory, lifestyle, and dietary factors were collected using a
validated STEPS Questionnaire, developed by the World
Health Organization (WHO) [30]. The GT-702 Fully Au-
tomatic Arm Style Digital Blood Pressure Monitor was used
to measure the participants’ systolic blood pressure (SBP)
and diastolic blood pressure (DBP) twice (15 minutes apart)
in a sitting position. The mean of two systolic and diastolic
blood pressure measures was considered for the analysis.
Participants stood on the electronic scale (Bosch Electronic
Scale PPWA4201) placed on the flat floor to measure weight
(in kgs), and for height, lineal measurement of top point of
the participants’ head when standing on their heels and head
against the measuring tape placed on the wall was measured
to nearest 0.5 cm. Body mass index was calculated as weight
in kilograms divided by height in metres squared.

2.1. Outcome. Participants with SBP of 140mm Hg or
higher, or DBP of 90mm Hg or higher, or those taking
hypertensive medication prior to the interview were defined
as hypertensive.

Hypertension awareness and treatment: participants
who were informed by a doctor/health worker about their
raised blood pressure were recognized as aware of blood
pressure status. Those who reported having ever used an-
tihypertensives were considered on treatment.

2.2. Exposures. Income: the per capita annual income was
calculated by asking the total combined household income
(in Nepali rupees) in the year preceding the survey and
dividing it by the total number of household members.
Income was categorized into tertiles (low, middle, and high).

Education: participants who reported that they did not
attend school were confined to the “no formal education”
group, those who had at least one year of formal school
including those not completing high school were confined to
the “less than high school” group, and those who had
completed high school or beyond were confined to “high
school and above” group.

Employment status: the variable was classified into three
categories: farming (agricultural task), employed (govern-
ment/nongovernment employees and self-employed per-
sons), and unemployed (retired, students, unpaid, unable to
work, unemployed, and homemakers).

2.3. Covariates. Sociodemographic variables include age (in
years), gender (males and females), marital status (yes and
no), and ethnicity (Dalit, Brahmin, Chettri, and others).
Lifestyle-related variables include both smoke or smokeless
tobacco use (categorized as never-users, current, and former
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users); alcohol intake (drinking <1 glass/week, 1-3 glasses/
week, and >3 standard drinks/week were categorized as “low
drinkers,” “moderate drinkers,” and “heavy drinkers,” re-
spectively); physical activity was assessed using the Global
Physical Activity Questionnaire [31] (=600 metabolic
equivalent minutes (MET) and <600 MET was categorized as
adequate and inadequate, respectively); fruits and vegetables
servings (<2, 2-4, and >4 servings per day); and body mass
index (<18.5kg/m? 18.5-24.9 kg/m?, 25.0-25.9 kg/m?, and
>30.0kg/m”> categorized as underweight, normal, over-
weight, and obese, respectively) [32].

2.4. Statistical Analysis. The descriptives were presented as
frequencies and percentages for categorical variables and
mean and standard deviation (SD) for continuous variables.
Age-standardized hypertension prevalence was calculated
using the WHO standard population. Prevalence ratio (PR)
and corresponding 95% confidence intervals were computed
to assess the association between socioeconomic positions
and the prevalence of hypertensive using Poisson regression
models with robust standarderrors [33]. We fitted Poisson
regression to estimate PR because odds ratio does not give a
good approximation of the risk in cross-section data with
high prevalence of outcome [34]. Two models were con-
structed. Model 1 was unadjusted, and Model 2 was adjusted
for confounders such as age, gender, marital status, and
ethnicity.

Based on evidence [35-39], we hypothesized that the
causal effect of SES (education and income) on hypertension
is mediated via lifestyle-related factors such as tobacco,
alcohol intake, physical activity, BMI, and fruits and vege-
table intake as illustrated in Figure 1. We explored medi-
ation, using the medeff command in Stata for causal
mediation analysis of nonlinear models [40, 41]. For each
mediator, two regression models were fitted. First, the
mediator was regressed on the exposure (income and ed-
ucation), and second, the outcome (hypertension) was
regressed on the exposure and mediator variable (one by
one). Predictions from these models were then used within a
Monte-Carlo framework to calculate estimates for total,
indirect, and direct effects [42]. This process decomposes the
total effect of SES variables on hypertension (i.e., the
probability of being hypertensive per unit change in income
and education) into an indirect effect (i.e., mediated effect
statistically explained by variation in the mediator path
connecting SES and hypertension) and a direct effect (i.e.,
the unexplained effect unrelated to variations in the me-
diators). The proportion of the total effect that is mediated
(ratio of indirect/total effect) was also computed.

Furthermore, to evaluate whether the association of
socioeconomic positions with hypertension is modified by
age (<50 vs. >50 years) and gender (male and female), in-
teraction terms were incorporated in the multivariable
models and its significance was assessed with Wald tests. All
statistical analyses were performed using Stata/IC 14 (Stata
Corp., College Station, Texas, USA).

Ethical approvals from the Regional Ethical Committee,
Central Norway, and Institutional Review Committee of

Kathmandu University School of Medical Sciences, Nepal,
were obtained. Informed consent was obtained before the
start of data collection. Enumerators were trained in ethical
consideration of human subject research to minimize the
breach of confidentiality. The data were deidentified for
analysis. The identifiers were stored for five years in a locked
cabinet.

3. Results

The mean age of study participants was 45 years, and 51.5%
were males. The majority of the participants were in their
middle age (35-49 years). Table 1 represents the distribution
of sociodemographic and lifestyle factors by hypertension
status. Compared to normotensives, hypertensives were
generally elderly, male, employed, a member of other ethnic
groups (not Dalit and Brahmin/Chettri), highly educated,
less physically active, wealthy, tobacco smokers and alcohol
drinkers, and consumed fewer fruits and vegetables. The
distribution of socioeconomic position in relation to age,
sex, and lifestyle factors are presented in Supplementary
Table 1.

Awareness, treatment, and control of hypertension: of 260
participants, 50 (23.9% males and 14.3% females) were hy-
pertensive who either had raised blood pressure or were an-
tihypertensive users. Sixty percent of hypertensives were aware
of their status. Males were more aware and concerned about
their hypertension status, were on treatment, and able to
control hypertension (SBP <140mm Hg and DBP <90 mm
Hg) compared to females as shown in Figure 2.

Table 2 represents the SES and hypertension relation-
ship. Compared to the low-income group, individuals be-
longing to middle- and high-income groups had 1.04 (95%
CI, 0.54-2.01) and 1.33 (95% CI, 0.68-2.58) times more
hypertension prevalence, after adjusting for age, gender,
marital status, and ethnicity. Likewise, individuals who
attained “less than high school” and “high school and above”
had 2.02 (95% CI, 1.00-4.08) and 2.35 (95% CI, 0.88-6.29)
times more prevalence of hypertension, when compared to
those without formal education in an adjusted model.
However, uncertainty of these point estimates is high;
therefore, caution must be taken while making statistical
inference. Also, the age-standardized prevalence of hyper-
tension was found to be two times greater among individuals
among higher levels of education, income, and those
employed compared to their peer groups.

We found no evidence of interaction by gender and age
(<50 vs =50 years). Furthermore, none of the lifestyle-related
factors mediated the association between SES and hyper-
tension (Supplementary Table 2 for informal assessment of
mediation and Tables 3a and 3b for estimates obtained from
Stata’s medeff function).

4. Discussion

In this cross-sectional study of 260 individuals including 50
(19.2%) hypertensives, we observed a positive association
between SES (education, income, and employment status)
and hypertension in rural Nepal. The prevalence of
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Exposure
(income, education)

/

Mediators Outcome
(lifestyle factors) (hypertension)

Confounders
(age, sex, ethnicity,
marital status)

Exposure has a direct and indirect effect on the outcome, indirect via the mediators (tobacco use
and alcohol intake, physical activity, BMI, and fruits and vegetables servings). Age, sex, ethnicity
and marital status were used as confounders.

F1GUrEe 1: Hypothesized causal diagram. Exposure has a direct and indirect effect on the outcome, indirect via the mediators (tobacco use
and alcohol intake, physical activity, BMI, and fruits and vegetables servings). Age, sex, ethnicity, and marital status are used as confounders.

TaBLE 1: Distribution of sociodemographic, lifestyle, and SES factors by hypertension status.

Total Normotensive Hypertensive
N=260 (N) N=210 (N%) N=50 (N%)
Gender
Male 134 102 (76.1) 32 (23.9)
Female 126 108 (85.7) 18 (14.3)
Age groups (categories)
18-34 years 77 67 (87.0) 10 (13.0)
35-49 years 88 70 (79.5) 18 (20.5)
50-65 years 55 45 (81.8) 10 (18.2)
66 years and above 40 28 (70.0) 12 (30.0)
Age in years, mean (+SD) 45 (+16.4) 442 (+16.1) 50.8 (+16.7)
Marital status
Unmarried 38 31 (81.6) 7 (18.4)
Married 222 179 (80.6) 43 (19.4)
Ethnicity
Brahmin/Chettri 173 141 (81.5) 32 (18.5)
Dalits 35 26 (74.3) 9 (25.7)
Others 52 43 (82.7) 9 (17.3)
Education
No formal education 113 94 (83.2) 19 (16.8)
Less than high school 106 85 (80.2) 21 (19.8)
High school or more 41 31 (75.6) 10 (24.4)
Income
Low income 87 72 (82.8) 15 (17.2)
Middle income 87 72 (82.8) 15 (17.2)
High income 86 66 (76.7) 20 (23.3)
Annual income median (IQR), NRS 16,733 (35,994) 16333 (31,833) 26286 (46,154)
Employment status
Unemployed 59 47 (79.7) 12 (20.3)
Farming 128 111 (86.7) 17 (13.3)
Employed 73 52 (71.2) 21 (28.8)
Lifestyle factors
Tobacco use
Never 108 88 (81.5) 20 (18.5)
Current 60 50 (83.3) 10 (16.7)
Former 92 72 (78.3) 20 (21.7)
Alcohol intake
Never 195 158 (81.0) 37 (19.0)

Low (<1 glass per week) 12 10 (83.3) 2 (16.8)




International Journal of Hypertension 5
TasLe 1: Continued.
Total Normotensive Hypertensive
N=260 (N) N=210 (N%) N=50 (N%)
Moderate (1-3 glass per week) 14 9 (64.3) 5 (35.7)
High (>3 glass per week) 39 33 (84.6) 6 (15.4)
Physical activity
MET* < 600 min/week 26 18 (69.2) 8 (30.8)
MET > 600 min/week 234 192 (82.1) 42 (17.9)
Fruits and vegetables servings
<2 servings per day 35 27 (77.1) 8 (22.9)
2-4 servings per day 204 164 (80.4) 40 (19.6)
>4 servings per day 21 19 (90.5) 2 (9.5)
Body mass index**, kg/m*
Under weight (<18.5) 36 32 (88.9) 4 (11.1)
Normal weight (18.5-24.9) 160 138 (86.2) 22 (13.8)
Overweight (25.0-25.9) 52 33 (63.5) 19 (36.5)
Obesity (>30) 12 7 (58.3) 5 (41.7)
BMI, mean (SD) 22.5 (3.9) 21.9 (3.54) 24.9 (4.37)

*MET is the ratio of the rate of energy expended during an activity to the rate of energy expended at rest. **Defined based on the WHO criteria.
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FIGURE 2: Hypertension prevalence, awareness, treatment, and control by gender. *N=total study population (260, 134M and 126F);

**N=hypertensive (50, 32M and 18F).

hypertension was 1.33, 2.35, and 2.26 times more among
individuals with higher income, higher level of education,
and those employed, respectively. Sixty percent of the hy-
pertensives were aware of their hypertension status.
Moreover, there was no interaction by gender and age, and
the association between SES and hypertension was not
mediated via lifestyle factors.

In parallel with our findings, a 2016 health survey from
Nepal reported the prevalence of hypertension to be nearly
18.9% and showed that hypertension predominated among
those with a high level of education and income [19, 43]. In
contrast, the 2019 STEPs survey conducted in Nepal re-
ported a lower prevalence of hypertension among those who
attained “more than secondary education” compared to
those with “no or less than primary education” and no
significant difference by income groups [3]. A meta-analysis
study in South Asia [44] and studies in Bangladesh [45] and
India [46, 47] have reported a positive association of

hypertension with income and education level. Moreover,
the same meta-analysis study suggested farming to be in-
versely associated with hypertension [44]. Similarly, a study
in Vietnam reported a lower prevalence of hypertension
among farmers compared to traders, construction workers,
and government employees [14]. In high-income countries,
an inverse association of education [48], income [11, 48, 49],
and being employed [48, 50] with hypertension was re-
ported. Studies from China [51] and Brazil [52] also reported
an inverse association between education and hypertension.
Previous studies from high-income countries [18] and
LMICs [23, 53] including Nepal [43, 50] have reported
gender differences in the association between SES and hy-
pertension. However, we found no interaction by gender in
this study.

One of the discrepancies of our study findings in relation
to previous studies could be due to inconsistencies in how
SES and hypertension variables were defined and the
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TaBLE 2: Relationship between socioeconomic status and hypertension.

Socioeconomic factors

Hypertension, N Age standarised” hypertension prevalence

Model 1° Model 2¢

P p

(%) % (95% CI) PR® (95% CI) PRC (95% CI)
value value
Income
Low 15 (17.2%) 10 (4%-15%) Ref Ref
Middle 15 (17.2%) 14 (7%-21%) (© 4(;'_911 6 078 51?;1 oy 0908
. 1.06 1.33
0 0/ — 0,
High 20 (23.3%) 26 (17%-36%) 0si211) O (gesasy 0407
Education
No formal
) 19 (16.8%) 10 (4%-15%) Ref Ref
education
Less than high o o/ 20 0.98 2.02
whool 21 (19.8%) 16 (9%-23%) 051177 % (o000
High school and o o/ 220 0.91 2.35
hove 10 (24.4%) 24 (11%-38%) 040203 32 (0s5.620) 0089
Employment status
Unemployed 12 (20.3%) 17 (7%-26%) Ref (1.0) Ref (1.0)
0.66 1.00
. 0 04,179,
Farming 17 (13.3%) 10 (3%-17%) (0.33-132) 0.239 (0.48-2.07) 0.999
1.44 2.26
0, 0/_290,
Employed 21 (28.8%) 21 (11%-32%) 07328 23 (ors0s 0046

3Standardised to the World Health Organization standard population; “PR, prevalence ratio. "Model 1, unadjusted. Model 2, adjusted for age (continuous),
gender (male/female), marital status (married/unmarried), and ethnicity (Brahmin/Chettri/Dalits/others).

differences in the study population [53]. Furthermore, di-
vergence in our findings with the 2019 STEPs survey could
be attributable due to the large sample size and population-
based sample with a higher proportion from urban setting
[3]. Moreover, unlike our study findings, where we asked
self-reported income to the participants, the STEPs study
used a more robust and comprehensive approach to assess
the income level, i.e., the household wealth index derived by
the principal component analysis of household ownership of
goods and facilities [3].

Nepal’s epidemiological transition and adaptation of
unhealthy behavior is linked with urbanization, and an early
stage economic development increases the risk of developing
hypertension especially among high SES [15, 25, 53]. Pre-
vious studies suggest that high SES groups dwelling in the
rural setting of LMIC’s such as Nepal consume high fat-
containing processed food [55] and lead a sedentary lifestyle
[4, 56, 57]. Thirty-three percent of Nepal’s rural population,
almost comparable to our study population, were multi-
dimensionally poor [58] and not prosperous enough to
reverse the SES and hypertension gradient. Nutritious diet
such as fruits and vegetables is often unaffordable to poor in
many countries [59], 96.7% of adults in Nepal reported
insufficient intake of fruits and vegetables (<5 servings/day)
[3]. Similarly, the mean dietary intake of salt, a known risk
factor for hypertension, was 9.1 g/day (WHO recommends
<5 g/day) [3].

Increased awareness, better accessibility to medical
treatment, use of antihypertensives [60-62], and adherence
to medications might lead to a lower prevalence of hyper-
tension in high-income populations. However, for an ef-
fective management of hypertension in low-income
countries such as Nepal, the significant gaps in medical

treatment need to be filled [63-65]. Nevertheless, in the last
few years, Nepali individuals with high income and better
education have become much more aware about hyper-
tension [3]. Interestingly, we found that Nepali individuals
with high blood pressure in our study were more aware of
their status; 60% knew their problems, compared to 22.2% in
a national survey [3] and 43.6% in a semiurban population
[66, 67].

Several studies suggest a causal pathway linking SES with
hypertension through lifestyle factors [10, 29]. For instance,
a study in Nepal showed that the effect of SES (education and
income) on hypertension was mediated by BMI [43].
However, we did not find any mediation. Our finding that
lifestyle factors did not mediate the effects of SES on hy-
pertension could be due to weak associations observed
between the mediators and the outcome and the exposures
as presented in Supplementary Tables 3a and 3b. Another
possibility for no mediation could be nondifferential mis-
classification due to the binary nature and imprecise mea-
surement of some mediators [68, 69]. Furthermore, we
cannot rule out the problem of unmeasured confounding
resulting in biased estimates of SES and hypertension as-
sociation towards the null [70].

Our study has two important strengths. To the best of
our knowledge, this is the first study to assess whether the
effect of SES on hypertension was mediated via lifestyle
factors among the rural population in Nepal. Second, a
validated questionnaire was used for data collection. Our
study is also not without limitations. First, due to the health
facility-based study with small sample size, we cannot
confidently make statistical inference of our findings to the
population, i.e., the uncertainty of point estimates was
considerably higher. Second, due to the cross-sectional
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nature of the study design, we cannot rule out the possibility
of reverse causality. Third, imprecise construction of some of
the variables in the mediation analysis might have resulted in
overestimating the direct effect sizes and underestimating
the indirect effect sizes [68, 69]. Fourth, due to self-reported
data, our results might be tied to recall bias [71]. Fifth, we did
not have sufficient power to explore the role of important
mediator dietary salt intake because majority consumed little
or right amount of salt. Furthermore, we cannot rule out the
possibility of residual confounding due to coarse adjustment
of confounders such as ethnicity.

In summary, we found that awareness of hypertension
status was high in Nepal’s rural setting, and socioeconomic
determinants were positively associated with hypertension,
with no evidence of mediation by lifestyle factors. We believe
large longitudinal studies are required to replicate our
findings in the rural setting of Nepal. Studies are also
warranted to assess the availability, adherence, and afford-
ability of hypertension particularly in a rural setting of
Nepal. This would help in preparing a roadmap for the
hypertensive prevention program in rural Nepal.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request and
shared with approval from Regional Ethical Committee,
Central Norway.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

SB performed the analysis and drafted the manuscript. BT
conceived the study, collected data, and contributed to the
draft, AS and BK provided input during study design and on
the draft manuscript, and ASen provided suggestions on
data analysis and presentation, edited the draft manuscript,
and approved the final manuscript.

Acknowledgments

The authors would like to thank Dhulikhel Hospital,
Dhulikhel, and the Kirnetar Health Center, Dolakha, Nepal,
for facilitating data collection and Norwegian University of
Science and Technology, Trondheim, Norway, for providing
funding to Birgit Tandstad.

Supplementary Materials

Supplementary Table 1 presents the distribution of the so-
cioeconomic position in relation to age, sex, and lifestyle
factors. Supplementary Table 2 presents the informal as-
sessment of mediating role of life style factors in SES and
hypertension relationship using logistic regression. Sup-
plementary Table 3a presents the results-mediated effects of
income on hypertension via lifestyle factors using medeft
command in Stata. Supplementary Table 3b presents the

results mediated effects of education on hypertension via
lifestyle factors using medeff command in Stata. Show cards
are shown to the respondents during data collection; the
show cards used were same as the one used in the Non-
communicable Diseases Risk Factors: STEPS Survey Nepal
2013 to identify the type of tobacco the respondents used, to
determine the amount of alcohol the respondents consumed,
to identify the type of fruits the respondents ate, and to
identify the type of physical activity the respondents were
engaged in. (Supplementary Materials)

References

[1] World Health Organization, “2003 World Health Organiza-
tion (WHO)/International Society of Hypertension (ISH)
statement on management of hypertension,” Journal of Hy-
pertension, vol. 21, no. 11, pp- 1983-1992, 2003.

[2] D. E. Bloom, D. Chisholm, E. Jané-Llopis, K. Prettner,

A. Stein, and A. Feigl, “From burden to “Best Buys”: reducing

the economic impact of non-communicable diseases,” 2011,

https://cdnl.sph.harvard.edu/wp-content/uploads/sites/

1288/2013/10/PGDA_WP_75.pdf.

M. Dhimal, Report of Non-communicable Disease Risk Factors:

STEPS Survey Nepal 2019, Nepal Health Research Council,

Kathmandu, India, 2020.

[4] R. R. Dhungana, S. Devkota, M. K. Khanal et al., “Prevalence
of cardiovascular health risk behaviors in a remote rural
community of Sindhuli district, Nepal,” BMC Cardiovascular
Disorders, vol. 1492 pages, 2014.

[5] J. Chataut, R. K. Adhikari, and N. P. Sinha, “Prevalence and
risk factors for hypertension in adults living in central de-

velopment region of Nepal,” Kathmandu University Medical
Journal, vol. 9, pp. 13-18, 2012.

[6] R. Koju, K. Manandhar, R. Gurung, P. Pant, and T. Bedi,
“Prevalence of hypertension in semi-urban area of Nepal,”
Nepalese Heart Journal, vol. 7, no. 1, pp. 35-39, 2013.

[7] T. A. Gaziano, A. Bitton, S. Anand, M. C. Weinstein, and

International Society of Hypertension, “The global cost of

nonoptimal blood pressure,” Journal of Hypertension, vol. 27,

no. 7, pp. 1472-1477, 2009.

A. Rosengren, A. Smyth, S. Rangarajan et al., “Socioeconomic

status and risk of cardiovascular disease in 20 low-income,

middle-income, and high-income countries: the Prospective

Urban Rural Epidemiologic (PURE) study,” The Lancet.

Global Health, vol. 7e748 pages, 2019.

[9] E. B. Loucks, M. Abrahamowicz, Y. Xiao, and J. W. Lynch,
“Associations of education with 30 year life course blood
pressure trajectories: framingham offspring study,” BMC
Public Health, vol. 11, no. 1, 139 pages, 2011.

[10] B. H. Brummett, “Systolic blood pressure, socioeconomic
status, and biobehavioral risk factors in a nationally repre-
sentative US young adult sample,” Hypertension, vol. 58,
pp. 161-166, 2011.

[11] S.Sabri, A. Bener, V. Eapen, A. A. Azhar, A. Abdishakure, and
J. Singh, “Correlation between hypertension and income
distribution among United Arab Emirates population,”
Medical Journal of Malaysia, vol. 60, pp. 416-425, 2005.

[12] T. T. Floréncio, H. S. Ferreira, J. C. Cavalcante, and
A. L. Sawaya, “Short stature, obesity and arterial hypertension
in a very low income population in North-Eastern Brazil,”
Nutrition, Metabolism, and Cardiovascular Diseases, vol. 14,
pp. 26-33, 2004.

[3

[8


https://downloads.hindawi.com/journals/ijhy/2021/5542438.f1.pdf
https://cdn1.sph.harvard.edu/wp-content/uploads/sites/1288/2013/10/PGDA_WP_75.pdf
https://cdn1.sph.harvard.edu/wp-content/uploads/sites/1288/2013/10/PGDA_WP_75.pdf

[13] O. C. Freitas, “Prevalence of hypertension in the urban
population of Catanduva, in the state of Sdo Paulo, Brazil,”
Arquivos Brasileiros de Cardiologia, vol. 77, 2001.

[14] D. Chambergo-Michilot, A. Rebatta-Acufia, C. ]J. Delgado-
Flores, and C. J. Toro-Huamanchumo, “Socioeconomic de-
terminants of hypertension and prehypertension in Peru:
Evidence from the Peruvian Demographic and Health Sur-
vey,” PLoS One, vol. 16, Article ID €0245730, 2021.

[15] H. Colhoun, H. Hemingway, and N. Poulter, “Socio-eco-
nomic status and blood pressure: an overview analysis,”
Journal of Human Hypertension, vol. 12, no. 2, pp. 91-110,
1998.

[16] M. Momin, A. Kavishwar, and V. Desai, “Study of socio-
demographic factors affecting prevalence of hypertension
among bank employees of Surat City,” Indian Journal of
Public Health, vol. 56, no. 1, pp. 44-48, 2012.

[17] D. Neupane, C. S. McLachlan, R. Sharma et al., “Prevalence of
hypertension in member countries of South Asian association
for regional cooperation (SAARC),” Medicine, vol. 93, no. 13,
€74 pages, 2014.

[18] A. Cois and R. Ehrlich, “Analysing the socioeconomic de-
terminants of hypertension in South Africa: a structural
equation modelling approach,” BMC Public Health,
vol. 14414 pages, 2014.

[19] S. R. Mishra, S. Ghimire, N. Shrestha, A. Shrestha, and
S. S. Virani, “Socio-economic inequalities in hypertension
burden and cascade of services: nationwide cross-sectional
study in Nepal,” Journal of Human Hypertension, vol. 33,
no. 8, pp. 613-625, 2019.

[20] C. D. Idso, “Climate change and human health: risks and
responses,” in  The Quarterly Review of Biology,
A. J. McMichael, D. H. Campbell-Lendrum, C. F. Corvaln,
K. L. Ebi, A. K. Githeko, and J. D. Scheraga, Eds., vol. 80World
Health Organization260 pages, Geneva, Switzerland, 2003, ,
$18.00. xi 322 p; ill; index. ISBN: 92-4-156248-X.

[21] G. Dong, “Prevalence, awareness, treatment, and control of
hypertension in rural adults from Liaoning Province,
Northeast China,” Hypertension Research, vol. 30, pp. 951-
958, 2007.

[22] C. S. P. Lam, “The socioeconomics of hypertension,” Hy-
pertension, vol. 58, pp. 140-141, 2011.

[23] R. Singh, L. Suh, V. Singh et al., “Hypertension and stroke in
Asia: prevalence, control and strategies in developing coun-
tries for prevention,” Journal of Human Hypertension, vol. 14,
no. 10-11, pp. 749-763, 2000.

[24] G.D. Friedman, A. L. Klatsky, and A. B. Siegelaub, “Alcohol,

tobacco, and hypertension,” Hypertension, vol. 4,

pp. 111143111150, 1982.

K. S. Reddy, K. Srinath Reddy, N. Naik, and D. Prabhakaran,

“Hypertension in the developing world: a consequence of

progress,” Current Cardiology Reports, vol. 8, pp. 399-404,

2006.

[26] J. C. Phelan and B. G. Link, “Controlling disease and creating
disparities: a fundamental cause perspective,” The Journals of
Gerontology. Series B, Psychological Sciences and Social Sci-
ences, vol. 60, pp. 27-33, 2005.

[27] Y.-B.Zhang, C. Chen, X.-F. Pan et al., “Associations of healthy

lifestyle and socioeconomic status with mortality and incident

cardiovascular disease: two prospective cohort studies,” BMJ,

vol. 373n604 pages, 2021.

A. Chatterjee, M. W. Gerdes, and S. G. Martinez, “Identifi-

cation of risk factors associated with obesity and overweight-a

machine learning overview,” Sensors, vol. 20, no. 9,

2734 pages, 2020.

[25

[28

International Journal of Hypertension

[29] B. Chaix, K. Bean, C. Leal et al., “Individual/neighborhood
social factors and blood pressure in the RECORD cohort
study,” Hypertension, vol. 55, no. 3, pp. 769-775, 2010.

[30] WHO, The STEPS Instrument and Support Materials, World
Health Organization, Geneva, Switzerland, 2014.

[31] WHO, Global Physical Activity Questionnaire (GPAQ)
Analysis Guide, WHO, Geneva, Switzerland, 2012.

[32] S. Mendis and World Health Organization, Global Status
Report on Noncommunicable Diseases 2014, World Health
Organization, Geneva, Switzerland, 2014.

[33] B. A. F. Martinez, V. B. Leotti, G. d. S. e. Silva, L. N. Nunes,
G. Machado, and L. G. Corbellini, “Odds ratio or prevalence
ratio? An overview of reported statistical methods and ap-
propriateness of interpretations in cross-sectional studies with
dichotomous outcomes in veterinary medicine,” Frontiers in
Veterinary Science, vol. 4193 pages, 2017.

[34] D. Spiegelman, “Easy SAS calculations for risk or prevalence
ratios and differences,” American Journal of Epidemiology,
vol. 162, pp. 199-200, 2005.

[35] K. A. Perkins, L. H. Epstein, B. L. Marks, R. L. Stiller, and
R. G. Jacob, “The effect of nicotine on energy expenditure
during light physical activity,” New England Journal of
Medicine, vol. 320, no. 14, pp. 898-903, 1989.

[36] J. Zhang and H. Kesteloot, “Anthropometric, lifestyle and
metabolic determinants of resting heart rate. A population
study,” European Heart Journal, vol. 20, no. 2, pp. 103-110,
1999.

[37] N. E. Adler and K. Newman, “Socioeconomic disparities in
health: pathways and policies,” Health Affairs, vol. 21, no. 2,
pp. 6076, 2002.

[38] R. A. Breslow and B. A. Smothers, “Drinking patterns and
body mass index in never smokers: national health interview
survey, 1997-2001," American Journal of Epidemiology,
vol. 161, no. 4, pp. 368-376, 2005.

[39] L.J. Appel, “Lifestyle modification as a means to prevent and
treat high blood pressure,” Journal of the American Society of
Nephrology: Journal of the American Society of Nephrology,
vol. 14599 pages, 2003.

[40] K. Imai, L. Keele, D. Tingley, and T. Yamamoto, “Unpacking
the black box of causality: learning about causal mechanisms
from experimental and observational studies,” American
Political Science Review, vol. 105, no. 4, pp. 765-789, 2011.

[41] R. Hicks and D. Tingley, “Causal mediation analysis,” STATA
Journal: Promoting Communications on Statistics and Stata,
vol. 11, no. 4, pp. 605-619, 2011.

[42] K. Imai, L. Keele, and D. Tingley, “A general approach to
causal mediation analysis,” Psychological Methods, vol. 15,
no. 4, pp. 309-334, 2010.

[43] J. Rana, Z. Ahmmad, K. K. Sen, S. Bista, and R. M. Islam,
“Socioeconomic differentials in hypertension based on JNC7
and ACC/AHA 2017 guidelines mediated by body mass index:
evidence from Nepal demographic and health survey,” PLoS
One, vol. 15, no. 1, Article ID e0218767, 2020.

[44] D. Busingye, R. G. Evans, S. Arabshahi, A. K. Subasinghe,

M. A. Riddell, and A. G. Thrift, “Rejoinder: socioeconomic

gradients and hypertension in low- and middle-income

countries: a straw man and no solutions,” International

Journal of Epidemiology, vol. 43, no. 5, pp. 1581-1582, 2014.

E. Harshfield, R. Chowdhury, M. N. Harhay, H. Bergquist,

and M. O. Harhay, “Association of hypertension and

hyperglycaemia with socioeconomic contexts in resource-
poor settings: the Bangladesh demographic and health sur-

vey,” International Journal of Epidemiology, vol. 44, no. 5,

pp. 1625-1636, 2015.

[45



International Journal of Hypertension

[46] A.K. Agarwal, M. Yunus, A. Khan, and J. Ahmad, “A clinical-

epidemiological study of hypertension in rural population of

jawan block, distt, Aligarh (UP) India,” Journal of the Royal

Society of Health, vol. 114, pp. 17-19, 1994.

P. P.Joshi, S. K. Kate, and V. Shegokar, “Blood pressure trends

and life style risk factors in rural India,” Journal of the As-

sociation of Physicians of India, vol. 41, pp. 579-581, 1993.

B. Leng, Y. Jin, G. Li, L. Chen, and N. Jin, “Socioeconomic

status and hypertension,” Journal of Hypertension, vol. 33,

pp. 221-229, 2015.

[49] A. Z. Fan, S. M. Strasser, X. Zhang, J. Fang, and
C. G. Crawford, “State socioeconomic indicators and self-
reported hypertension among US adults, 2011 behavioral risk
factor surveillance system,” Preventing Chronic Disease,
vol. 12E27 pages, 2015.

[50] M. K. Khanal, R. R. Dhungana, P. Bhandari, Y. Gurung, and
K. N. Paudel, “Prevalence, associated factors, awareness,
treatment, and control of hypertension: findings from a cross
sectional study conducted as a part of a community based
intervention trial in Surkhet, Mid-western region of Nepal,”
PLoS One, vol. 12, no. 10, Article ID e0185806, 2017.

[51] Z. Yu, “Changes in cardiovascular risk factors in different
socioeconomic groups: seven year trends in a Chinese urban
population,” Journal of Epidemiology & Community Health,
vol. 54, no. 9, pp. 692-696, 2000.

[52] S. G. C. Karen, R. B. B. Paulo, S. H. Sandra, and

A. de Castro Hermano, “Prevalence of risk factors for chronic

non-communicable diseases in the municipality of Porto

Velho, Occidental Amazon, Brazil,” Journal of Public Health

and Epidemiology, vol. 8, pp. 102-110, 2016.

S. Yusuf, S. Reddy, S. Ounpuu, and S. Anand, “Global burden

of cardiovascular diseases,” Circulation, vol. 104, no. 22,

pp. 2746-2753, 200L.

[54] L. C. H. Fernald and N. E. Adler, “Blood pressure and so-

cioeconomic status in low-income women in Mexico: a re-

verse gradient?” Journal of Epidemiology & Community

Health, vol. 62, no. 5, e8 pages, 2008.

L. Allen, J. Williams, N. Townsend et al., “Socioeconomic

status and non-communicable disease behavioural risk factors

in low-income and lower-middle-income countries: a sys-

tematic review,” The Lancet Global Health, vol. 5, no. 3,

pp. €277-e289, 2017.

[56] S. Kinra, L. J. Bowen, T. Lyngdoh et al., “Sociodemographic
patterning of non-communicable disease risk factors in rural
India: a cross sectional study,” BMJ, vol. 341, no. sep27 1,
c4974 pages, 2010.

[57] R. B. Singh, “Social class and coronary disease in a rural
population of north India: the Indian social class and heart
survey,” European Heart Journal, vol. 18, pp. 588-595, 1997.

[58] Government of Nepal, National Planning Commission,
“Nepal multidimensional poverty index-analysis towards
action,” 2018, https://www.npc.gov.np/images/category/
Nepal_MPI.pdf.

[59] V. Miller, S. Yusuf, C. K. Chow et al., “Availability, afford-
ability, and consumption of fruits and vegetables in 18
countries across income levels: findings from the Prospective
Urban Rural Epidemiology (PURE) study,” The Lancet Global
Health, vol. 4, no. 10, pp. e695-€703, 2016.

[60] A. E. Moran, “Cost-effectiveness of hypertension therapy
according to 2014 guidelines,” New England Journal of
Medicine, vol. 372, pp. 447-455, 2015.

[61] D. Gu, J. He, P. G. Coxson et al., “The cost-effectiveness of
low-cost  essential  antihypertensive = medicines  for

(47

[48

[53

(55

hypertension control in China: a modelling study,” PLoS
Medicine, vol. 12, no. 8, Article ID e1001860, 2015.

[62] B. M. Egan, Y. Zhao, and R. N. Axon, “US trends in prev-
alence, awareness, treatment, and control of hypertension,
1988-2008,” Journal of the American Medical Association,
vol. 303, no. 20, pp. 2043-2050, 2010.

[63] J. A. Doshi, J. Zhu, B. Y. Lee, S. E. Kimmel, and K. G. Volpp,
“Impact of a prescription copayment increase on lipid-low-
ering medication adherence in veterans,” Circulation, vol. 119,
pp. 390-397, 2009.

[64] M. Viswanathan, C. E. Golin, C. D. Jones et al., “Interventions
to improve adherence to self-administered medications for
chronic diseases in the United States,” Annals of Internal
Medicine, vol. 157, no. 11, 785 pages, 2012.

[65] M. W. Attaei, R. Khatib, M. McKee et al., “Availability and
affordability of blood pressure-lowering medicines and the
effect on blood pressure control in high-income, middle-
income, and low-income countries: an analysis of the PURE
study data,” The Lancet. Public Health, vol. 2, pp. e411-e419,
2017.

[66] B. M. Karmacharya, R. P. Koju, J. P. LoGerfo et al,
“Awareness, treatment and control of hypertension in Nepal:
findings from the Dhulikhel Heart Study,” Heart Asia, vol. 9,
no. 1, pp. 1-8, 2017.

[67] K. T. Mills, J. D. Bundy, T. N. Kelly et al., “Global disparities of
hypertension prevalence and control,” Circulation, vol. 134,
no. 6, pp. 441-450, 2016.

[68] T. Blakely, S. McKenzie, and K. Carter, “Misclassification of
the mediator matters when estimating indirect effects,”
Journal of Epidemiology ¢ Community Health, vol. 67, no. 5,
pp. 458-466, 2013.

[69] T. J. VanderWeele, S. L. Mumford, and E. F. Schisterman,
“Conditioning on intermediates in perinatal epidemiology,”
Epidemiology, vol. 23, no. 1, pp. 1-9, 2012.

[70] L.Richiardi, R. Bellocco, and D. Zugna, “Mediation analysis in
epidemiology: methods, interpretation and bias,” Interna-
tional Journal of Epidemiology, vol. 42, no. 5, pp. 1511-1519,
2013.

[71] G. Whitlock, T. Clark, S. Vander Hoorn et al., “Random errors
in the measurement of 10 cardiovascular risk factors,” Eu-
ropean Journal of Epidemiology, vol. 17, no. 10, pp. 907-909,
2001.


https://www.npc.gov.np/images/category/Nepal_MPI.pdf
https://www.npc.gov.np/images/category/Nepal_MPI.pdf

