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26 Abstract 

27 Background: Unlike developed countries; higher socioeconomic status (SES, education, and 

28 wealth) is associated with hypertension in low and middle-income countries (LMICs) with 

29 limited evidence. We examined the associations between SES and hypertension in Nepal and 

30 the extent to which these associations vary by sex and urbanity. The body mass index (BMI) 

31 was examined as a secondary outcome and assessed as a potential mediator. 

32 Materials and methods: We analyzed the latest Nepal Demographic and Health Survey data 

33 (N=13,436) collected between June 2016 and January 2017, using a multistage stratified 

34 sampling technique. Participants aged 15 years or older from selected households were 

35 interviewed with an overall response rate of 97%. Main outcomes were hypertension and 

36 normal blood pressure defined by the widely used Seventh Report of the Joint National 

37 Committee (JNC 7), and the American College of Cardiology/American Heart Association 

38 (ACC/AHA) 2017. 

39 Results: The prevalence of hypertension was higher in Nepalese men than women. The 

40 likelihood of having hypertension was more than double for individuals in the highest versus 

41 lowest wealth quintiles [men: OR 2.13, 95% CI 1.60-2.85); women: OR 2.54, 95% CI 2.00-

42 3.24] and for individuals with the higher education versus no education [men: OR 2.38, 95% 

43 CI 1.75-3.23; women: OR 1.63, 95% CI 1.18-2.25]. The associations between SES and 

44 hypertension were different by sex and urbanity. These associations were mediated by BMI.

45 Conclusions: Higher SES was positively associated with the higher likelihood of having 

46 hypertension in Nepal according to both JNC 7 and ACC/AHA 2017 guidelines. These 

47 associations were mediated by BMI, which may help to explain broader socioeconomic 

48 differentials in CVD and related risk factors, particularly in terms of education and wealth. Our 

49 study suggests that the mediating factor of BMI should be tackled to diminish the risk of CVD 

50 in people with higher SES in LMICs.
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55 Introduction 
56

57 Hypertension is a growing public health problem in low and middle-income countries 

58 (LMICs)1 with concurrent risks of cardiovascular and kidney diseases.2 A review warned that 

59 although about three-quarters of people with hypertension (639 million people) live in LMICs, 

60 there is no improvement in awareness or control rates.1 Hypertension is a major contributor to 

61 death and disability in South Asian countries, including Nepal with a low level of control and 

62 awareness.3-6 The World Health Organization (WHO) implemented `STEP-wise approach to 

63 surveillance' (STEPS) using nationally representative sample in 2008 and 2013 reported an 

64 increasing trend of prevalence of hypertension among 15-69 years Nepalese population ranging 

65 from 21.5% in 2008 to 26.0% in 2013.7,8 Based on the recent Nepal Demographic and Health 

66 Survey (NDHS) 2016, Kibria and colleagues reported that the estimated prevalence of 

67 hypertension in Nepal using the widely used Seventh Report of the Joint National Committee 

68 (JNC 7) guideline9 was 21.2%, and the corresponding prevalence was 44.2% when using  a 

69 new hypertension guideline recommended by the American College of Cardiology/American 

70 Heart Association 2017 (ACC/AHA 2017).10 This study demonstrated that the prevalence of 

71 hypertension increased to 23% when using new ACC/AHA guideline, with the highest increase 

72 in the richest and obese population.11

73

74 Despite an increasing prevalence of hypertension in Nepal, research exploring complex 

75 interrelationship between socioeconomic status (SES), indicated by education levels and 

76 wealth quintiles, and hypertension is limited. Moreover, this association is complex, unlike 

77 developed countries, in LIMCs. For instance, the prevalence of hypertension is higher among 

78 low SES group in developed countries,12,13  while it is substantially higher among high SES 

79 groups in LMICs.14,15 
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80 The reasons for the high prevalence of hypertension in the low SES group in developed 

81 countries include higher smoking rates, higher body mass index (BMI), and lack of exercise 

82 compared with higher SES groups.16 The opposite pattern is observed in LMICs, where a 

83 higher prevalence of these risk factors is observed in higher SES groups compared with low 

84 SES group. A recent review found that people in higher SES groups in LMICs were less likely 

85 to be physically active and consume more fats, salt, and processed food than low SES group.17 

86 Furthermore, studies also found that BMI is exponentially increasing in people in LIMCs,18-20, 

87 which are the key modifiable risk factors for hypertension. Thus, we hypothesized that there 

88 would be positive associations between high SES and hypertension in Nepal, and the level of 

89 BMI will at least partially mediate these associations. The primary aim of this study was (i) to 

90 assess the associations between SES and hypertension in Nepal, and the extent to which these 

91 associations vary by gender and urbanity; and (ii) to examine whether BMI attenuates the 

92 associations between SES and hypertension and, the extent to which BMI explain these 

93 associations. The secondary aim of this study was to examine associations of BMI with SES 

94 and the extent to which these associations vary by gender and urbanity.  

95

96 Materials and Methods

97 Data source
98

99 The study analyzed the nationally representative Nepal Demographic and Health Survey 

100 (NDHS) 2016 data, collected between June 2016 and January 2017. The Nepal Health Research 

101 Council and the ICF International institutional review board approved the NDHS 2016 survey 

102 protocol. The household head provided written informed consent before the interview. For the 

103 current study, we obtained approval to use the data from ICF in June 2018. 

104
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105 Survey design and study populations 
106

107 The updated version of the census frame of National Population and Housing Census 2011 

108 conducted by the Central Bureau of Statistics was used as the sampling frame for the NDHS 

109 2016. The households of the NDHS 2016 were selected in two ways based on the urban/rural 

110 locations. Firstly, the two-stage stratified sampling process was used in rural areas where wards 

111 were selected in the first stage as a primary sampling unit (PSUs) and households were selected 

112 in the second stage. Secondly, three-stage stratified sampling was used in urban areas to select 

113 households where wards were selected in the first stage (PSUs), enumeration areas (EA) were 

114 selected from each PSU in the second stage and households were selected from EAs in the third 

115 stage. There were 14 sampling strata in the NDHS 2016, where wards were selected randomly 

116 from each stratum. A total of 383 wards were selected altogether, 184 from urban and 199 from 

117 rural areas. Finally, a total of 11,490 households (rural- 5,970 and urban-5,520) were selected 

118 for the NDHS 2016.21 Flowchart of the analytic sample selection process is given as 

119 supplementary figure (S1 Fig.). 

120

121 The trained interviewers collected data visiting the households. The overall response rate was 

122 approximately 97%. Blood pressure (BP) was measured among 15,163 individuals with 6,394 

123 men and 8,769 women aged 15 years and above. In our study, a total unweighted sample was 

124 13,371 comprising men (5,535) and women (7,836), after excluding participants aged <18 

125 years and discarding the missing and extreme values. The total weighted analytic sample was 

126 13,436 participants (men 5,646 and women 7,790) aged 18 years and above. Details of the 

127 NDHS 2016, including survey design, sample size determination, and questionnaires have been 

128 described elsewhere.21 

129
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130 Measures of outcomes: Blood Pressure Outcomes
131

132 Hypertension and normal blood pressure were considered as the outcome variables in the study 

133 defined by both JNC 79 and ACC/AHA 2017 guidelines (Table 1).10 Three measurements of 

134 blood pressure (systolic and diastolic blood pressures) were taken for each participant with an 

135 interval of 5 minutes between the measurements by UA-767F/FAC (A&D Medical) blood 

136 pressure monitor. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were 

137 defined by taking the average of three SBP and three DBP measurements, respectively. We 

138 used both ‘measurement-only’ and ‘medical/clinical’ definitions to generate independent 

139 binary outcomes for ‘hypertension’ and ‘normal blood pressure’ based on both guidelines. The 

140 ‘measurement-only’ definition was developed solely based on the cut-off points that accounted 

141 for the average of three SBP and three DBP measurements. The ‘medical/clinical’ definition 

142 accounted for ‘measurement-only’ definition plus medical diagnosis by a health professional 

143 as having high blood pressure and or taking medication for lowering high blood pressure (Table 

144 1). 

145 Table 1. Definitions of Blood Pressure Outcome Used in the Study

Blood pressure outcomes Measurement-only definitions Medical definitions

Hypertension (JNC 7)† SBP ≥140mmHg or DBP ≥ 90 

mmHg

Meet any of the following three criteria:

(1) SBP ≥ 140mmHg or DBP ≥ 90mmHg

(2) Doctor/nurse diagnosed high blood 

pressure

(3) Taking blood pressure-lowering medication

Hypertension (ACC/AHA 

2017)‡

SBP ≥130mmHg or DBP ≥ 80 

mmHg

Meet any of the following three criteria:

(1) SBP ≥ 130mmHg or DBP ≥ 80mmHg

(2) Doctor/nurse diagnosed high blood 

pressure

(3) Taking blood pressure-lowering medication
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Normal blood pressure (JNC 7 

or ACC/AHA 2017)

SBP <120mmHg and DBP <80 

mmHg

SBP ≤ 120mmHg and DBP ≤ 80 mmHg, no 

diagnosis of high blood pressure, and not 

taking blood pressure-lowering medication

146 †JNC 7= The Seventh Report of the Joint National Committee

147 ‡ACC/AHA 2017= The 2017 American College of Cardiology/American Heart Association

148

149 Measures of Exposure: Socioeconomic status
150

151 Three indicators such as education levels, wealth quintiles, and employment status are most 

152 commonly used in several studies to assess the SES of a participant,.12, 15 However, we omitted 

153 employment status from our assessment of SES and subsequent analyses due to a large number 

154 of missing values as the majority of the women in South Asia are not involved in formal 

155 employment. The NDHS 2016 provided data for a derived wealth quintile using the principal 

156 component analysis taking scores of a household’s durable and nondurable assets. Firstly, 

157 households are given scores using principal component analysis based on the number and kinds 

158 of consumer goods they own. Secondly, to get the wealth quintiles, the distribution of scores 

159 was divided into five equal categories named as poorest, poorer, middle, richer, and richest. 

160 Education was an ordinal measure of self-reported levels of education, which was grouped into 

161 four different categories (no education/preschool, primary, secondary, and higher education) 

162 in the NDHS 2016. In our study, the SES measures were not indexed for two main reasons. 

163 Firstly, different indicators of SES tend to have different theoretical pathways to BMI and 

164 blood pressure outcomes. Secondly, SES indicators might be causally related to each other; 

165 and they build on each other according to the life course models.22 

166

167
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168 Body Mass Index
169

170 The BMI was used in the study as both continuous and categorical variables. We followed both 

171 the South-Asian specific and global definition of BMI.

172 Statistical analysis
173

174 Our primary statistical analyses assessed the sex and urbanity stratified associations of 

175 educational levels and wealth quintiles with blood pressure outcomes using both the 

176 measurement-only and medical definitions (Table 1; Fig 1-2; S1-4 Tables; S2-4 Fig.).  To 

177 characterize the shapes of the associations, we calculated sex and urbanity stratified adjusted 

178 odds ratios (ORs) and 95% confidence intervals (CIs) within each level of education or wealth 

179 quintiles by using the binary logistic regression models. We used a cutoff of 10% change in 

180 the stratified analysis to identify differences in hypertension by sex and urbanity. 

181 We further tested whether BMI mediates the associations between SES and blood pressure 

182 outcomes (medical). There were two general approaches to testing mediation models. The first 

183 approach was the “reduction-in-estimate criterion” approach (Table 4; S7 Table), which 

184 assessed whether the inclusion of mediator variable-BMI attenuated the associations or effects 

185 for the main predictors across nested models. Hence, we constructed two nested models, and 

186 coefficients were progressively adjusted for age, sex, marital status, urbanity, and second-hand 

187 smoking in model 1. Coefficients were further adjusted for prior determined mediator-BMI in 

188 model 2 to observe the changes in the effects of predictors. We considered that there is a 

189 mediation effect of BMI using a cutoff of 10% reduction in the effect estimate after adjusting 

190 for BMI in the model 2. The second step was the “indirect effect” approach, which formally 

191 examined the statistical significance of an indirect effect using the product of coefficients 

192 approach. For assessing the indirect effect of BMI on these binary outcomes, we used the 

193 binary-mediation package in Stata because this approach is commonly used and can detect 

.CC-BY 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted June 11, 2019. ; https://doi.org/10.1101/667899doi: bioRxiv preprint 

https://doi.org/10.1101/667899
http://creativecommons.org/licenses/by/4.0/


10

194 which variables are continuous and which are binary. It requires information for each link in 

195 the proposed mediation process (X-M-Y). In supplemental analyses, we replicated the process 

196 for 15 000 bootstraps for statistical significance, which provided substantially identical indirect 

197 and direct effects along with standard errors and biased-corrected 95% CIs.

198 Additionally, we examined the adjusted associations between SES and BMI as a continuous 

199 outcome. Moreover, the adjusted sex and urbanity stratified associations between SES and 

200 binary outcome-overweight/obese (using both global and South Asia-specific cut-offs for BMI) 

201 were also assessed to observe differences in overweight/obesity by sex and urbanity. 

202 To examine the associations between SES and hypertension, all potential confounders for each 

203 predictor were selected using prior knowledge and directed acyclic graphs (DAGs) to avoid the 

204 ‘Table 2 fallacy’ in a multivariable model and to observe unbiased total effect estimates for 

205 predictors.23, 24 

206 For the brevity, we have reported ‘medical definition’ of hypertension/normal blood pressure, 

207 if not stated otherwise, especially when we assessed associations between hypertension/normal 

208 blood pressure and SES. However, similar analyses for ‘measurement only’ outcome of 

209 hypertension have been provided as supplementary data. Comparable analyses based on the 

210 new guideline of ACC/AHA 2017 have also been given as supplementary data. Two-sided P-

211 values and 95% CIs are presented. The complex survey design effects were accounted in all 

212 performed analyses for reducing differences due to oversampling, variation in the probability 

213 of selection and non-response in the NDHS 2016. All analyses were performed using Stata 15 

214 (StataCorp). 

215

216

217
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218 Results

219 General characteristics of study participants
220

221 Of 13,436 participants, 7,790 (58%) were women, and 5,645 (42%) were men, with a mean 

222 age of 40.7 (SE ±0.10) years (Table 2).  More than half (61.1%) of the population lived in urban 

223 areas with no significant sex difference. About 40% of the population had no education, and 

224 men were more likely to be educated than women at each level of education (p <0.001). Men 

225 were also more likely to be wealthier than women were (p <0.0001). 

Table 2: Sample characteristics (weighted numbers and percentages unless stated 

otherwise)

Characteristics   Overall 

(n=13 436)

Men 

(n = 5645)

Women

(n= 7790)

p-value

Mean Age (SE, standard error) 40.7 (0.1) 42.59 (0.28) 39.30 (0.19) < 0.001

Marital Status (%)

  Unmarried 1569 (11.7) 872 (15.4) 698 (9.0)

  Married 11 867 (88.3) 4 774 (84.6) 7092 (91.0)

< 0.001

Education Levels (%)

  No education/preschool 5498 (40.9) 1474 (26.1) 4024 (51.7)

  Primary 2281 (17.0) 1194 (21.2) 1087 (14.0)

  Secondary 3709 (27.6) 1958 (34.7) 1751 (22.5)

  Higher 1947 (14.5) 1020 (18.1) 928 (11.9)

< 0.001

Employment Status (%)

Unemployed 2777 (30.6) 557 (15.9) 2,220 (40.0)

Employed 6287 (69.4) 2956 (84.15) 3331 (60.0)

< 0.001

Wealth Index (%)

Poorest 2405 (17.9) 993 (17.6) 1412 (18.1)

Poorer 2613 (19.5) 1054 (18.7) 1559 (20.0)

Middle 2693 (20.0) 1091 (19.3) 1603 (20.6)

< 0.001

.CC-BY 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted June 11, 2019. ; https://doi.org/10.1101/667899doi: bioRxiv preprint 

https://doi.org/10.1101/667899
http://creativecommons.org/licenses/by/4.0/


12

226

227

228 A similar trend was found for employment status where men were about 24% higher in 

229 employment status than women were (p <0.001). Mean BMI was significantly higher among 

230 women (22.28 vs. 21.08; < 0.001) compared with men. Men were more likely to be exposed 𝑝

231 to secondhand smoking (p <0.003) compared with women.

232 Prevalence of hypertension by sex and urbanity 
233

234 Women were having lower prevalence of hypertension compared with men for both measured 

235 (16.0%, 95% CI: 14.8, 17.3 vs. 22.8%, 95% CI: 21.2, 24.5) and medical hypertension (21.7%, 

236 95% CI: 20.4, 23.0 vs. 29.1%, 95% CI: 27.4, 30.8) and the differences were significant 

Richer 2936 (21.9) 1280 (22.8) 1656 (21.3)

Richest 2787 (20.8) 1228 (21.8) 1559 (20.0)

Urbanity (%)

Urban 8205 (61.1) 3475 (61.6) 4729 (60.7)

Rural 5231 (38.9) 2171 (38.6) 3061 (39.3)

0.27

Region (%)

Mountain 859 (6.4) 367 (6.5) 491 (6.3)

Hill 5922 (44.1) 2468 (43.7) 3454 (44.3)

Terai 6655 (49.5) 2811 (49.8) 3844 (49.4)

0.60

Established Risk Factors of Hypertension

Mean Systolic Blood Pressure (SE) 117.7 (0.2) 122.02 (0.43) 114.57 (0.38) < 0.001

Mean Diastolic Blood Pressure (SE) 78.3 (0.1) 79.89 (0.32) 77.17 (0.26) < 0.001

High Blood Pressure (Told by doctor, %) 1670 (12.4) 763 (13.52) 907 (11.64) 0.004

Medication for Blood Pressure (%) 578 (4.3) 260 (4.61) 318 (4.08) 0.25

Mean Body Mass Index (SE) 22.1 (0.0) 21.08 (0.72) 22.28 (0.10) < 0.001

Exposure to Secondhand Smoking (%) 6308 (47.0) 2718 (48.2) 3589 (46.08) 0.003

Consumption of Caffeine (%)  1058 (8.0)  581 (10.3)  477 (6.12) < 0.001
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237 statistically in both measurements ( < 0.001) (Table 3).  People living in urban areas were 𝑝

238 having higher prevalence of hypertension compared with people living in rural areas for both 

239 measured (19.5%, 95% CI: 18.7, 20.4 vs. 17.9%; 95% CI: 16.9, 19.0) and medical (26.2%, 

240 95% CI: 25.2, 27.1 vs. 22.7%; 95% CI: 21.6, 23.8) hypertension and the differences were 

241 significant statistically ( < 0.001) only for medical hypertension. Comparable trends were 𝑝

242 observed for both measurements in normal blood pressure (p <0.001).  According to the new 

243 ACC/AHA 2017 guideline, there was an overall 21% increase of prevalence of hypertension, 

244 with the highest increase in the male population (23%). Similar trends of sex differences were 

245 observed in both hypertensions (p <0.001), however urban-rural significant differences (p 

246 >0.05) were not observed.

247

248 Table 3: Prevalence of hypertension by sex and urbanity in Nepal

Classification of 

Blood Pressure

Overall 

n=13 436 

(%) [95% 

CI]

Male 

n = 5645 

(%) [95% 

CI]

Female 

n = 7790 

(%) [95% 

CI]

p value Urban 

n= 

8,205(%) 

[95% CI]

Rural

n= 

5,231(%) 

[95% CI]

p 

value

JNC 7 Guideline 

Hypertension 

(measured)

2538 (18.9) 

[17.7, 20.1]

1289 (22.8) 

[21.2, 24.5]

1249 (16.0)

 [14.8, 17.3]

< 0.001 1600 (19.5) 

[18.7, 20.4]

938 (17.9)

[16.9, 19.0]

0.22

Hypertension 

(medical)

3333 (24.8) 

[23.6, 26.0]

1645 (29.1) 

[27.4, 30.8]

1688 (21.7)

[20.4, 23.0]
< 0.001

2147 (26.2)

[25.2, 27.1]

1186 (22.7)

[21.6, 23.8]
0.007

Normal Blood 

Pressure 

(measured)

7233 (53.8) 

[52.1, 55.6]

2581 (45.7) 

[43.5-48.0]

4652 (59.7)

[57.9, 61.5]

< 0.001 4340 (52.9)

[51.8, 54.0]

2893 (55.3)

[54.0, 56.7]

0.22

Normal Blood 

Pressure 

(medical)

6888 (51.3) 

[49.7, 52.9]

2449 (43.4) 

[41.2, 45.6]

4439 (57.0)

[55.3, 58.7]

< 0.001 4113 (50.1)

[49.1, 51.2]

2775 (53.1)

[51.7, 54.4]
0.11
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2017 ACC/AHA Guideline

Hypertension 

(measured)

5728 (42.6)

[40.9, 44.4]

2772 (49.1)

[47.8, 50.4]

2956 (38.0)

[36.9, 39.0] < 0.001

3582 (43.7)

[42.6, 44.7]

2146 (41.0)

[39.7, 42.4] 0.18

Hypertension 

(medical)

6136 (45.7)

[44.1, 47.3]

2950 (52.3)

[51.0, 53.6]

3186 (40.9)

[39.8, 42.0] < 0.001

3848 (46.9)

[45.8, 48.0]

2288 (43.7)

[42.4, 45.1]
0.08

Normal Blood 

Pressure 

(measured)

7093 (52.8)

[52.0, 53.6]

2524 (44.7)

[43.4, 46.0]

4569 (58.7)

[57.6, 59.7] < 0.001

4251 (51.8)

[50.7, 52.9]

2842 (54.3)

[53.0, 55.7]
0.20

Normal Blood 

Pressure 

(medical) 

6763 (50.3)

[49.5, 51.2]

2397 (42.5)

[41.2, 43.8]

4365 (56.0)

[54.9, 57.1]

< 0.001 4034 (49.2)

[48.1, 50.3]

2729 (52.2)

[50.8, 53.5]
0.10

249

250 Socioeconomic status and hypertension by sex and urbanity
251

252 Fig 1 and 2 explained the odds of blood pressure outcomes by education and wealth quintiles. 

253 The likelihood of being hypertensive (medical) was significantly higher in higher education 

254 group compared with lowest or no education group for men (OR 2.38 95% CI: 1.75, 3.23) and 

255 for women (OR 1.63 95% CI: 1.18, 2.25). People in the richest group were more likely to be 

256 hypertensive (medical) compared with people in the poorest group for men (OR 2.13 95% CI: 

257 1.60, 2.85) and for women (OR 2.54 95% CI: 2.00, 3.24). Furthermore, the associations 

258 between SES and hypertension were significant and were different by sex and urbanity (S1-4 

259 Tables). Similar trends and associations between hypertension and SES were observed by 

260 ACC/AHA 2017 guidelines (S2-4 Fig). Similarly, people with higher SES were less likely to 

261 have normal blood pressure compared with people in low SES (S1-4 Tables). 
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262 Fig 1: Association of blood pressure outcome (medical) with education levels by sex in Nepal 

263 (In a table format as supplementary data, S1 Table)

264 Fig 1 legends: Odds ratios are adjusted for age, urbanity and marital status, and stratified by 

265 sex. Medical outcomes are defined based on cut-off points, diagnosis by a health professional, 

266 or relevant medication use. Cut-off points are defined as follows: hypertension: SBP 

267 ≥140mmHg or DBP ≥90mmHg; normal blood pressure: SBP ≤ 120mmHg and DBP ≤ 80 

268 mmHg. Measurement-only outcomes are defined based on cut-off points only and the 

269 association of blood pressure outcome (measured) with education levels by sex in Nepal.

270 Fig 2: Association of blood pressure outcome (medical) with wealth quintiles by sex in Nepal 

271 (In a table format as supplementary data, S2 Table).

272
273 Fig 2 legends: Odds ratios are adjusted for age, urbanity and marital status, and stratified by 

274 sex. Medical outcomes are defined based on cut-off points, diagnosis by a health professional, 

275 or relevant medication use. Cut-off points are defined as follows: hypertension: SBP 

276 ≥140mmHg or DBP ≥90mmHg; normal blood pressure: SBP ≤ 120mmHg and DBP ≤ 80 

277 mmHg. Measurement-only outcomes are defined based on cut-off points only and the 

278 association of blood pressure outcome (measured) with wealth quintiles by sex in Nepal.

279 Mediation effect of BMI on SES and hypertension 
280

281 Tables 4 shows a reduction in estimates of SES after including BMI in the logistic regression 

282 model. For the level of education, the adjusted odds of hypertension (medical) significantly 

283 decreased throughout the models, and particularly BMI attenuated the association and level of 

284 significance for each primary, secondary and higher education category with hypertension 

285 (medical) in the model 2 (Table 4: Model 1 vs. Model 2). 
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286 Table 4: Mediation effect of BMI on hypertension (medical) by education levels and 

287 wealth quintiles in Nepal 

Model 1§ Model 2||Predictor

Adjusted Beta coefficients

(95 % CI)

Adjusted Beta coefficients

(95 % CI)

Education (Ref. No education/preschool)

Primary 0.40 (0.22, 0.58)*** 0.24 (0.06, 0.42)*

Secondary 0.58 (0.42, 0.75)*** 0.35 (0.17, 0.53)***

Higher 0.61 (0.38, 0.85)*** 0.32 (0.06, 0.57)*

Wealth Quintiles (Ref. Poorest)

Poorer 0.25 (0.08, 0.42)** 0.21 (0.04, 0.38)*

Middle 0.13 (-0.07, 0.33) 0.08 (-0.11, 0.27)

Richer 0.20 (0.01, 0.39)* 0.02 (-0.18, 0.21)

Richest 0.84 (0.62, 1.05)*** 0.39 (0.16, 0.62)***

288 §Coefficients adjusted for age, sex, marital status, urbanity, and second-hand smoking; 

289 ||Coefficients further adjusted for body mass index (BMI); Exponentiated coefficients; 95% 

290 confidence intervals in brackets 

291 * p<0.05, ** p<0.01, *** p<0.001.

292
293 Table 4 also suggests that further adjustment for BMI in model 2 reduced the effect size and 

294 level of significance in wealth quintiles and hypertension (medical). In other words, the 

295 inclusion of BMI in the model 2 has reduced the beta coefficient of hypertension for wealth 

296 quintiles and reduced statistical significance (Table 4: Model 1 vs. Model 2). BMI, therefore, 

297 may have a mediation effect on the association between SES and blood pressure outcomes. 

298 Similar analyses were also performed for normal blood pressure (medical) [S7 Table].

299 Mediation Analysis: Body Mass Index

300 We formally tested the mediation effect of BMI on hypertension (medical) and SES as well as 

301 presented the unstandardized path coefficients (standard errors) and indirect effect (mediation) 

302 of BMI with bias-corrected 95% CI (Fig 3). A statistically significant mediation effect was 
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303 observed for education (Coef. 0.04 95% CI: 0.03 to 0.05), which was substantially larger than 

304 the direct effect (Coef. -0.16 95% CI: -0.19 to -0.14). The proportion of the total effect that is 

305 mediated was about -0.31, which was also substantial. BMI also had mediation effect (Coef. 

306 0.07 95% CI: 0.06 to 0.08) in the association between wealth quintiles and hypertension 

307 (medical), with 91% of the total effect (of wealth quintiles on hypertension) being mediated 

308 (by BMI). It was substantially higher than the direct effect (Coef. 0 .01 95% CI: -0.02 to 0.03).

309

310 Fig 3: Mediating Role of BMI in the Associations between SES and Hypertension (Medical) 

311 in Nepal

312 Fig 3 legends: Unstandardized path coefficients (standard errors) and unstandardized indirect 

313 effect (mediation) of BMI with bias-corrected 95% confidence intervals are reported. 

314

315 Sensitivity analyses 

316 We conducted sensitivity analyses that assessed the associations between SES and 

317 hypertension (measured and medical) adjusted for potential confounders according to the new 

318 guidelines of ACC/AHA 2017, which were stratified by sex and urbanity (S2-4 Fig). These 

319 analyses produced estimates and trends that are very similar to those for primary analyses, 

320 which reinforce our findings that increasing SES is associated with an increased likelihood of 

321 having hypertension, which differed by sex and urbanity.

322 Our sensitivity analyses constructed nested logistic regression models for the associations 

323 between blood pressure outcomes (medical) and SES that progressively adjusted for age, sex, 

324 urbanity, marital status, exposure to second-hand smoke and BMI (Table 4, S7 Table). The 

325 estimates and trends reinforce our primary findings. 
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326 For our secondary outcome, we examined the associations between SES and BMI using two 

327 different approaches. Firstly, we conducted sex and urbanity stratified analyses for SES and 

328 both global and South Asia specific categories of BMI (S5-7 Fig; S5 Table). We also tested 

329 BMI as a continuous variable in association with SES due to the low prevalence of obesity (S6 

330 Table). These results supported that the likelihood of being overweight/obese increased with 

331 increasing level of SES, which also differed by sex and urbanity.

332

333 Discussion 
334

335 Our study, including 13 436 people from a nationally representative survey, demonstrated that 

336 increasing levels of SES (education and wealth) were positively associated with an increased 

337 risk of having hypertension in Nepal, with strong evidence that men were more likely to be 

338 hypertensive than women. These associations also vary by urbanity. Our novel finding is that 

339 BMI partially mediated the associations between SES and hypertension in the context of 

340 LMICs. We found these results were comparable for both the JNC 7 and the ACC/ AHA 2017 

341 guidelines.

342 Established evidence suggests that risk factors for CVD, including hypertension, are highly 

343 prevalent in low SES group in developed countries.12,23 In contrast to this evidence, our study 

344 shows that the prevalence of hypertension was greater among people with higher SES groups, 

345 which is consistent with recent studies conducted in LMICs,24-26 particularly in South Asia.15,27 

346 Substantial differences between male and female were observed in the association between 

347 SES and hypertension, which is consistent with previous studies in developed countries.15,28,29 

348 In line with these studies, our study observed that increasing levels of education and wealth 

349 quintiles have a positive association with higher likelihood of BMI both in men and women. 

350 Hence, we formally tested the mediating roles of BMI in the association between higher SES 
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351 and hypertension and demonstrated that BMI attenuates the observed associations. In other 

352 words, BMI may help to explain broader SES differentials in hypertension, particularly by 

353 education and wealth quintiles. Evidence from higher income countries also supported that 

354 BMI mediates the association between education and the risk of cardiovascular diseases.32 

355 Our observed results have several policy implications. The comprehensive understanding of 

356 the mechanisms of socioeconomic differentials in hypertension may help to take effective 

357 measures for the prevention of risk of CVD in resource-poor settings. Findings related to SES 

358 by sex differences in hypertension will also guide to take gender-sensitive policy measures in 

359 reducing CVD and its modifiable risk factors.

360 Moreover, the identification of BMI as a mediator of the higher SES and hypertension 

361 association, emphasize to this modifiable risk factor as a potential target for interventions to 

362 reduce CVD and related risk factors such as hypertension and elevated blood pressure in higher 

363 SES groups in LMICs. This study provides further evidence allied to the emergence of SES 

364 gradients in CVD and related risk factors. Although few recent studies found SES gradients in 

365 CVD risk in LMICs setting, this research contributes to previous work by bridging the fields 

366 of socioeconomic differentials in CVD risk and formally testing established theoretical models. 

367 The veracity of our findings is contingent on replication with longitudinal data and more 

368 comprehensive assessments of SES.

369 To the best of our knowledge, this is the first study found mediating roles of the modifiable 

370 risk factors of CVD in the SES and hypertension association using a nationally representative 

371 sample in a resource-poor setting.  Our study also first time assessed the association between 

372 SES and hypertension according to standard hypertension JNC7 guideline and a new guideline 

373 recommended by the ACC/ AHA 2017. We observed sex and rural-urban differences in blood 

374 pressure outcomes by sex and urbanity stratified analysis. Furthermore, we have included 
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375 medication adherence and multiple SES factors, which suggest an inclusive explanation of the 

376 association between higher SES and risk factors of CVD. For instance, recent studies also 

377 emphasized to investigate SES gradient along with sex and rural-urban differences in blood 

378 pressure outcomes in Nepal.7, 8, 11, 33

379 Along with these novel contributions and methodological strengths, some limitations may also 

380 be considered with the interpretation of the results. We were not able to assess the causality of 

381 the associations between SES and hypertension due to the cross-sectional nature of the data. 

382 Our measurement of SES omits an indicator of employment status which should be assessed 

383 in detail in further research. Blood pressure measurement error may occur due to the quality of 

384 medical staff training in various regions of Nepal even though an automatic device for BP 

385 measurement had been used. Finally, we were not able to assess the gender inequalities in 

386 access to medications use due to the insufficient information.

387 Conclusions

388 In conclusion, higher SES was positively associated with the higher likelihood of having 

389 hypertension in Nepal according to both JNC7 and ACC/AHA 2017 guidelines. All of the 

390 observed trends were more pronounced in men than in women, and there was evidence of 

391 differences in these trends between residents in rural and urban areas. The association between 

392 higher SES and hypertension was mediated by BMI, which may help to explain broader 

393 socioeconomic differentials in CVD and related risk factors, particularly in terms of education 

394 and wealth. Our study suggests that the mediating factor of BMI should be tackled to diminish 

395 the risk of CVD in people with higher SES in LMICs. 

396

397

398
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563 urbanity, and second-hand smoking; bCoefficients further adjusted for body mass index (BMI); 
564 Exponentiated coefficients; 95% confidence intervals in brackets * p<0.05, ** p<0.01, *** 
565 p<0.001.

566

567 Supplementary Figures

568 S1 Fig. Flow chart of analytic sample selection process 
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569 S2 Fig. Association of hypertension (measured and medical) by ACC/AHA 2017 guideline 
570 with education levels by sex in Nepal. Odds ratios are adjusted for age, urbanity and marital 
571 status, and stratified by sex. Measurement-only outcomes are defined based on cut-off points 
572 only; medical outcomes are defined based on cut-off points, diagnosis by a health professional 
573 or relevant medication use.

574 S3 Fig. Association of hypertension (measured and medical) by ACC/AHA 2017 guideline 
575 with wealth quintiles by sex in Nepal. Odds ratios are adjusted for age, urbanity and marital 
576 status, and stratified by sex. Measurement-only outcomes are defined based on cut-off points 
577 only; medical outcomes are defined based on cut-off points, diagnosis by a health professional 
578 or relevant medication use.

579 S4 Fig. Association of hypertension (medical) by ACC/AHA 2017 guideline with 
580 education and wealth quintiles by urbanity in Nepal. Odds ratios are adjusted for age, sex, 
581 and marital status, and stratified by urbanity. Medical outcomes are defined based on cut-off 
582 points, diagnosis by a health professional, or relevant medication use.

583 S5 Fig. Association of overweight/obese with a) education levels b) wealth quintiles by 
584 the sex in Nepal. Odds ratios are adjusted for age, urbanity and marital status, and stratified 
585 by sex. Overweight and obese are defined as BMI ≥ 23 kg/m2 (South Asia-specific 
586 definitions).

587 S6 Fig. Association of overweight/ obese (global definition) with a) education levels b) 
588 wealth quintiles by the sex in Nepal. Odds ratios are adjusted for age, urbanity and marital 
589 status and stratified by sex. Overweight and obese are defined as BMI ≥ 25 kg/m2 (Global 
590 definitions).

591 S7 Fig. Association of overweight/ obese (global definition) with a) education levels b) 
592 wealth quintiles by the urbanity in Nepal. Odds ratios are adjusted for age, sex, and marital 
593 status and stratified by the place of residence. Overweight and obese are defined as BMI ≥ 25 
594 kg/m2 (Global definitions).

595

596
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