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Background-—Various indicators of socioeconomic position (SEP) may have opposing effects on the risk of hypertension in

disadvantaged settings. For example, high income may reflect sedentary employment, whereas greater education may promote

healthy lifestyle choices. We assessed whether education modifies the association between income and hypertension in 3 regions

of South India at different stages of epidemiological transition.

Methods and Results-—Using a cross-sectional design, we randomly selected villages within each of rural Trivandrum, West

Godavari, and Rishi Valley. Sampling was stratified by age group and sex. We measured blood pressure and anthropometry and

administered a questionnaire to identify lifestyle factors and SEP, including education, literacy, and income. Logistic regression was

used to assess associations between various components of SEP and hypertension, and interaction analyses were used to

determine whether educational attainment modified the association between income and hypertension. Trivandrum, the region of

highest SEP, had the greatest prevalence of hypertension, whereas Rishi Valley, the lowest SEP region, had the least. Overall,

greater income was associated with greater risk of hypertension. In interaction analyses, there was no evidence that educational

attainment modified the association between income and hypertension.

Conclusions-—Education is widely considered to ameliorate the risk of hypertension in high-income countries. Why this effect is

absent in rural India merits investigation. ( J Am Heart Assoc. 2020;9:e014486. DOI: 10.1161/JAHA.119.014486.)
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R
ecently, the prevalence of hypertension in low- to

middle-income countries has been estimated to exceed

that in high-income countries (HICs).
1
Socioeconomic position

(SEP), generally measured using indicators such as education,

income, and occupation,
2
is strongly associated with the

presence of hypertension in HICs,
3
with individuals of higher

SEP less likely to have hypertension than those of lower SEP.
4

The association between SEP and hypertension in HICs may

be attributable to a greater awareness of hypertension and

associated risk factors in those with high SEP, and greater
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access and adherence to health care.
5
However, in low- to

middle-income countries, there is some evidence that higher

SEP may be associated with a greater risk of hypertension,
6

although findings have been inconsistent.
3,7,8

The association

between elevated SEP and poor health in these settings may

be driven by changes in behavior, such as excessive

consumption of alcohol, excessive calorie intake, or the

greater likelihood of sedentary employment, in higher SEP

brackets.
9–11

Education may be a critical factor potentially mitigating

the negative impacts of economic development on hyper-

tension by empowering individuals with the knowledge to

improve their health.
4,9

To our knowledge, the relative effects

of income and education on the risk of hypertension have

not been investigated in disadvantaged settings. We tested

the hypothesis that education mitigates the association

between income and hypertension by determining the

associations of educational attainment and income with

hypertension, and the interaction between educational

attainment and income, in 3 economically diverse regions

of India. We also investigated the relationship between SEP

and risk factors for hypertension.

Methods

Data Statement

To minimize the possibility of unintentionally sharing infor-

mation that can be used to reidentify private information, a

subset of the data generated for this study is available at the

Monash University Bridges and can be accessed at DOI 10.

26180/5e212eb30b4f4.

Study Region

The 3 study regions have differing levels of educational

attainment, income, and occupations. A rural region in the

northern part of the District of Trivandrum (herein referred to

as Trivandrum) in Kerala is the most socioeconomically

advanced region, West Godavari District (herein referred to as

Godavari) in Northern Andhra Pradesh is less advanced, and

Rishi Valley region (Chittoor District) in Southern Andhra

Pradesh is the least socioeconomically advanced (Data S1).
12

Study Design

Villages (clusters) were randomly selected within Rishi Valley,

Godavari, and Trivandrum for inclusion. This involved dividing

each of the 3 sites into primary sampling units (villages,

wards, or hamlets) by computer-generated random selection.

In each primary sampling unit, a full list of residents was

obtained and then individuals were sampled into 12 cate-

gories by age (18–24, 25–34, 35–44, 45–54, 55–64, and

≥65 years) and sex. In an effort to reduce bias, eligible

participants were revisited when unavailable on the first or

second visit to the village. Using this method, 11 657

participants were recruited between January 2014 and

December 2015 (Figure 1).

Our sample size was based on outcomes for a cluster

randomized controlled trial (registered with the Clinical Trials

Registry–India, CTRI/2016/02/006678),
12,13

nested within

this cross-sectional study. This meant that the sample size

was larger than required for the primary hypothesis outlined in

our Introduction. For example, estimating that 20% of people

would have completed high school, and �25% of people

would have hypertension, provides adequate power (99%) to

detect a difference between groups in those completing high

school of as little as 4.1%.

Ethics

This project was approved by each institutional ethics

committee (Data S1) and the Health Ministry’s Screening

Committee of the Government of India (58/4/1F/CHR/

2013/NCD II). Written informed consent was obtained from

all participants before inclusion.

Training

To ensure standardization, all field workers and supervisors

were trained to measure anthropometric parameters and

blood pressure (BP) and administer questionnaires, according

to the World Health Organization STEPwise Approach to

Surveillance protocol.
14

Follow-up training occurred

Clinical Perspective

What Is New?

• We found that the risk of hypertension was positively

associated with higher socioeconomic position (SEP) in rural

India.

• We also found that modifiable risk factors, such as greater

adiposity, may collectively mediate the increased risk of

hypertension in individuals from higher socioeconomic

backgrounds.

What Are the Clinical Implications?

• Health education and prevention strategies that are

targeted at those who are at high risk of hypertension,

such as retirees and older unemployed people, may provide

an important means to reduce the emergence of hyperten-

sion in rural India.
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�1 month after initial training to ensure consistency in data

collection within and between sites.

Clinical Measurements

Clinical measurements were made during the working day,

mostly in the morning. Systolic BP (SBP) and diastolic BP were

assessed using a digital automatic BP monitor (HEM–907;

OMRON, Kyoto, Japan). Before measurement, participants sat

quietly for 15 minutes, with legs uncrossed. BP was measured

using the right upper arm, resting at the level of the heart,

with a 3-minute rest period between readings. At least 3

readings were recorded, with a fourth or fifth measurement

taken when the final 2 measurements varied by ≥10 mm Hg

SBP or ≥6 mm Hg diastolic BP. The mean of the last 2

measurements was used to determine BP.

Height was measured to the nearest 0.1 cm using a

stadiometer (213; Seca, Hamburg, Germany), and weight to

the nearest 0.1 kg using a digital weight scale (9000SV3R;

Salter, Kent, UK). Waist circumference was measured hori-

zontally at the midpoint between the iliac crest and the

floating rib (after expiration), and hip circumference was

measured at the fullest point of the buttocks, using a spring-

loaded tension tape (Gulick M-22C; Patterson Medical, IL).

Self-Reported Data

Questionnaires were used to obtain information on lifestyle

and SEP, the latter including education and household

income. Annual household income in Indian rupees was

obtained using a general question about estimated household

income, supplemented by specific questions about income

from rent of house, land, or equipment, as well as income

from inheritance, investments, and gifts. The sum of these

measures was then divided by the number of adults in the

household to obtain an average individual income. Income

was categorized into quartiles, with approximately similar

number of participants in each group (Data S1). Participants

also reported whether they held ration cards, and the type of

ration card held.

Participants self-reported their highest level of education

completed and whether they could read and write. Educa-

tional attainment was categorized into 4 groups: no formal

education, class 1 to 6, class 7 to 11, and completed class 12

or more.

Alcohol intake was recorded according to whether individ-

uals had consumed any alcohol in the previous 30 days.

Hypertension was defined as having SBP ≥140 mm Hg,

diastolic BP ≥90 mm Hg, and/or self-reported use of BP-

lowering medication. Body mass index (BMI) was categorized

as being overweight or obese (≥23 kg/m
2
) or normal

(<23 kg/m
2
).
15

Waist/hip ratio (WHR) was defined as being

above normal when ≥0.8 for women and ≥0.9 for men.

Regularity of physician visits and ease of access to health

care were also documented (Data S1).

Data Management

Hard copies of the questionnaires were scanned into tagged

image files and distributed to the research group digitally.

TeleForm Elite Version 9 software (Cardiff, San Jose, CA) was

used to capture and verify the data in the tagged image files

Rishi Valley region

Purposeful sampling of Kurabalakota

Mandal in Chittoor District

West Godavari region

Random selection of 10/17 Primary 

Health Centers of 

Bhimavarum Mandal

Trivandrum District

Random sampling of Chirayinkizhu Taluk 

Random sampling of 10/22 Panchayats 

within Chirayinkizhu Taluk

Random sampling of 139/214 hamlets 

in Kurabalakota Mandal

6243 participants surveyed

Random sampling of 3400 of the 

participants surveyed

Random sampling of 1 village per 

Primary Health Center 

4500 participants surveyed

Random sampling of 1 ward per 

Panchayat

3757 participants surveyed

Total of 11 657 participants

Figure 1. Flow diagram of participants in 3 rural regions in India, 2014 to 2015. The 8 Mandals in West Godavari were Palakoderu,

Undrajavaram, Iragavaram, Mogalthur, Unguturu, Pentapadu, Penumantra, and Attili. Participation was as follows: Rishi Valley, 45%; Godavari,

99%; and Trivandrum, 77%.
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and export the data to a Microsoft Access database. All data

were cleaned before analyses (Data S1).

Statistical Analyses

All analyses were performed in Stata (Stata 15.0; College

Station, TX). For continuous variables, we report means (SDs).

Proportions were calculated for all categorical variables, and

are presented as percentages. When variables were missing

for a participant, that participant was excluded from any

analyses involving that variable.

ANOVA was used to determine whether baseline charac-

teristics of continuous variables differed between regions and

by sex. Tukey’s test was applied to determine which regions

differed. Student unpaired t test was used to detect whether

differences existed between women and men in each of the 3

regions. A Bonferroni correction was applied to protect

against increased risk of type 1 error. Differences in

categorical variables between regions and sex were analyzed

using v
2
tests with Bonferroni correction to account for

multiple comparisons between and within regions. Two-tailed

P values are reported.

Univariable and multivariable logistic regression analyses

were used to measure the association between socioeco-

nomic factors and hypertension. Multivariable analyses were

initially adjusted for age, with age categorized into 3 groups,

each group having approximately one third of the participants

with hypertension. We then adjusted for income and educa-

tion, both of which were dichotomized into the upper and

lower 2 groups (as outlined above), to determine whether

education modified the association between self-reported

income and hypertension. In these analyses, age was included

as a continuous variable. To determine the interaction on an

additive scale, we further assessed the relative excess risk

caused by interaction, the attributable proportion, and the

Synergy Index, using the technique described by VanderWeele

and Knol.
16

We also conducted sensitivity analyses of these

associations, stratified by sex, age, and region. We further

used logistic regression, adjusted for age and sex, to assess

the association between SEP factors and having a WHR and

BMI above normal, and consumption of alcohol in the past

30 days, and undertook similar analyses for relative excess

risk caused by interaction, attributable proportion, and the

Synergy Index as described above.

Results

Among 16 949 people approached, 11 657 (68.8%) agreed to

participate. The response rate was greatest in West Godavari

(99%), least in Rishi Valley (45%), and intermediate in

Trivandrum (77%). There were some differences in those

who were recruited. For example, in the Rishi Valley region,

the region with the poorest response rate, 30.5% of men aged

18 to 34.9 years agreed to participate, compared with 60.2%

of men aged at least 65 years. In this same region,

participation was also greater in women (50.3%) than in

men (40.7%).

Participants in Trivandrum had a higher SEP, as indicated

by the greater proportion of women and men who were able

to read or write, and had completed at least class 12, than

those in Godavari and Rishi Valley (Table 1). Overall, the

proportion of men who could read and write was similar

between Godavari and Rishi Valley, whereas women from

Rishi Valley had the least educational attainment, with less

than one third being able to read or write (Table 1).

The proportion of men with hypertension in Trivandrum

was 3.7% greater than in Godavari and 7.9% greater than in

Rishi Valley (Table 1). Women followed similar trends to men

on mean SBP, and the proportion of people with hypertension

(Table 1). A greater proportion of women had hypertension

than men in both Godavari and Trivandrum, whereas a lesser

proportion had hypertension in Rishi Valley (Table 1).

Residing in the higher SEP regions of Godavari or

Trivandrum was associated with greater odds of hypertension

than residing in the lowest SEP region, Rishi Valley (Table 2),

with or without adjustment for age. This association remained

when the analyses were stratified by 3 age groups (Table 2).

Greater educational attainment appeared to be associated

with lesser odds of hypertension (Table 2). However, people

who were older tended to have lesser educational attainment

than those who were younger, with age confounding the

association between education and hypertension (Figure S1).

When adjusted for the confounding effects of age, having

some level of educational attainment was associated with

greater odds of hypertension compared with having no formal

education (Table 2), an association that remained when the

analyses were stratified by age group. Compared with

agricultural workers, nonagricultural workers were 53% more

likely to have hypertension, whereas unemployed participants

were 104% more likely to have hypertension, and retirees

were 64% more likely to have hypertension. In analyses that

were stratified by age group, it appeared that older unem-

ployed people and all age categories of retirees were

particularly vulnerable to having hypertension. Those in the

highest quartile income bracket had 47% greater odds of

hypertension than those in the lowest quartile (Table 2),

although there was a large number of missing observations

for income, particularly for those in Trivandrum (36.4%), and

the characteristics of people with and without details on

income were different for all variables (Table S1). The

associations between these characteristics and hypertension

were largely stronger for women than for men, although

directionally similar (Tables S2 and S3).
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The association between income and hypertension was

similar when adjusted for age alone, or with an additional

adjustment for education (Table 3). This pattern was similar

for women and men (Tables S4 and S5), and was similar when

using the lower cutoff for hypertension, as recommended by

the 2017 American College of Cardiology/American Heart

Association High Blood Pressure Guidelines (Table S6).
17

Similarly, the association between level of education and

hypertension did not appear to be modified appreciably by

addition of income to the model, for either the whole sample

(Table 3) or women and men separately (Tables S4 and S5),

when using the cutoff of 130/80 mm Hg for defining

hypertension (Table S6), or when stratified by region (Tables

S6 and S7). With an additional adjustment for region, the odds

ratios were reduced toward the null (Table S8).

In interaction analyses, there was no evidence that

education modified the association between income and

hypertension, or that income modified the association

between education and hypertension, as shown by the

interaction odds ratio, relative excess risk caused by interac-

tion, attributable proportion, and Synergy Index (Table 4). This

pattern was seen when stratified by age group (Table 4), in

women and men separately (Table S9), when using the cut

point of 130/80 mm Hg to define hypertension (Table S10),

and when undertaking the analyses separately by region

(Table S11).

Residing in Godavari (odds ratio, 3.20; 95% CI, 2.91–3.54)

or Trivandrum (odds ratio, 5.80; 95% CI, 5.19–6.48; P<0.001)

was associated with having a greater WHR than in Rishi Valley

(Figure 2; Table S12). Similar trends were observed for BMI

(Figure 2; Table S13). For each increasing category of

educational attainment and income, there was an increased

likelihood of having a BMI or WHR above normal values (all P

for trend <0.001).

Income was positively associated with WHR, with each

increasing category of income being associated with a greater

likelihood of having a WHR above normal (P for trend <0.001;

Table 3). A similar pattern was seen for education, although

there may have been a threshold above class 6 education

(Table 3), a pattern that was similar for BMI. However, there

was no evidence for an interaction between education and

income on WHR (Table S14). These findings appeared similar

for women and men (Tables S4, S5, and S14) and were

consistent across the 3 regions (Figure S2). Interestingly,

there was evidence that education exacerbated the associa-

tion between income and BMI ≥23 kg/m2
(Table S15).

Only 22 women (<0.4%) reported consuming alcohol in the

previous month, and so the results for alcohol largely reflect

patterns in men. Compared with Rishi Valley, living in

Godavari was associated with 27% greater odds of consuming

alcohol in the previous month, whereas living in Trivandrum

was associated with an �2-fold greater likelihood ofT
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consuming alcohol (Figure 2; Table S16; P<0.001). Complet-

ing any form of education was associated with reduced odds

of consuming alcohol, whereas completing class 12+ was

associated with 62% reduced likelihood of consuming alcohol

in the previous month (P<0.001). There did not appear to be an

association between indicators of income, such as possession

of a below poverty line ration card or individual income per

month, and alcohol consumption. Indeed, people in the highest

categories of income appeared to consume alcohol at similar

levels to those in the lowest quartiles (Figure 2; Table S16),

although there did appear to be a difference by region

(Figure S2). However, it does appear that, in men, education

may modify the association between income and alcohol

consumption, with a relative reduced risk caused by the

interaction of 0.23, although this apparent effect was not

statistically significant at conventional levels (Table S17).

People with hypertension were more likely to report taking

medications for hypertension for each increasing category of

educational attainment and income (P<0.001; Figure S3). This

association was similar for women and men.

Discussion

In 3 diverse rural sites across southern India, we found that

higher SEP was associated with hypertension. Comparing

between the sites, the prevalence of hypertension was greater

in sites with higher average SEP. Overall, there was a positive

association between measures of SEP and risk factors for

hypertension, such as BMI and WHR, but not for alcohol

consumption. These findings demonstrate that the positive

association between SEP and hypertension may be fueled by

adiposity in regions of higher SEP.

Education, and specifically health education, has been

shown in some settings to mitigate the association between

low SEP and hypertension,
18,19

potentially by modifying

health behaviors.
19

Our inability to detect a mitigating effect

Table 3. Association Between Income and/or Education and Hypertension and Its Risk Factors, 3 Rural Regions in India, 2014 to

2015

SEP Variable

Hypertension WHR Above Normal* BMI ≥23 kg/m
2†

OR 95% CI P Value OR 95% CI P Value OR 95% CI P Value

Income per adult per month, adjusted for age

Quartile 1, Rs 0 to 1000 1.00 1.00 1.00

Quartile 2, Rs >1000 to 1900 1.21 1.06 to 1.39 0.006 1.73 1.53 to 1.94 <0.001 1.52 1.36 to 1.70 <0.001

Quartile 3, Rs >1900 to 3000 1.23 1.08 to 1.40 0.002 2.13 1.90 to 2.40 <0.001 1.90 1.71 to 2.12 <0.001

Quartile 4, Rs >3000 1.44 1.26 to 1.66 <0.001 2.41 2.13 to 2.73 <0.001 2.73 2.43 to 3.06 <0.001

Income per adult per month, adjusted for age and education

Quartile 1, Rs 0 to 1000 1.00 1.00 1.00

Quartile 2, Rs >1000 to 1900 1.19 1.03 to 1.37 0.02 1.66 1.47 to 1.88 <0.001 1.45 1.30 to 1.63 <0.001

Quartile 3, Rs >1900 to 3000 1.21 1.06 to 1.38 0.005 2.10 1.87 to 2.36 <0.001 1.87 1.68 to 2.09 <0.001

Quartile 4, Rs >3000 1.36 1.18 to 1.55 <0.001 2.22 1.96 to 2.51 <0.001 2.44 2.17 to 2.74 <0.001

Education, adjusted for age

No formal education 1.00 1.00 1.00

Class 1 to 6 1.20 1.06 to 1.37 0.005 1.79 1.58 to 2.02 <0.001 1.86 1.66 to 2.08 <0.001

Class 7 to 11 1.41 1.23 to 1.61 <0.001 2.23 1.97 to 2.52 <0.001 2.56 2.28 to 2.88 <0.001

Class ≥12 1.52 1.27 to 1.82 <0.001 2.22 1.91 to 2.57 <0.001 2.89 2.51 to 3.33 <0.001

Education, adjusted for age and income

No formal education 1.00 1.00 1.00

Class 1 to 6 1.16 1.02 to 1.32 0.025 1.63 1.44 to 1.84 <0.001 1.70 1.51 to 1.90 <0.001

Class 7 to 11 1.36 1.18 to 1.55 <0.001 2.11 1.86 to 2.39 <0.001 2.39 2.12 to 2.69 <0.001

Class ≥12 1.40 1.16 to 1.69 <0.001 1.98 1.70 to 2.31 <0.001 2.49 2.15 to 2.88 <0.001

n=9869 (1788 missing observations for education or income). Data are presented as odds ratio (95% CI). P values were generated using logistic regression, adjusted for age alone or

adjusted for age and education/income. WHR above normal is defined as ≥0.8 for women and ≥0.9 for men. BMI indicates body mass index; OR, odds ratio; Rs, Indian rupee; SEP,

socioeconomic position; WHR, waist/hip ratio.

*There are 62 additional missing observations.
†There are 24 additional missing observations.
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of education on the association between high income and

hypertension in the setting of rural India may reflect a

relative lack of health education within the curricula. Thus,

targeted health education, in schools and in workplaces, may

provide a pathway for controlling hypertension in regions that

are rapidly undergoing urbanization and industrialization.

Importantly, targeted health education in the community at

large is also an important pathway that could be used to

engage with the retirees and older unemployed people who

appeared to be at particularly high risk of hypertension.

Potentially, this strategy may be effective not only in India, but

also in other settings where health education is suboptimal.

Thus, randomized controlled trials of educational interven-

tions, tailored to local cultural and socioeconomic conditions,

are warranted. Notably, a recently completed cluster-rando-

mized controlled trial, conducted in the same 3 sites as the

current study, demonstrated the effectiveness of a scalable

group-based education and monitoring program delivered by

health workers for improving control of hypertension.
13

The 3 regions of the studywere at very different stages of the

epidemiological transition, as shown by each measurement of

SEP. Trivandrum was the most socioeconomically advanced,

with almost all individuals able to read and write, fewer

individuals in possession of a below poverty line ration card, and

more individuals reporting income levels in the highest bracket.

In contrast, in Rishi Valley, few did not possess a below poverty

line ration card, and few had an income in the highest quartile,

whereas the relative lack of education was largely limited to

women. In all measures of SEP, Godavari was intermediate to

Rishi Valley and Trivandrum. These data validate our use of

region as a proxy measure of SEP.

When using region as a proxy for SEP, the proportion of

people with hypertension was greater with each increasing

level of SEP. Similar findings were evident when classifying

SEP according to income, albeit in a slightly reduced sample

size, and education. These findings are consistent with those

of studies previously conducted in other sites of India and

other low- to middle-income countries, such as Uganda and

China,
20–22

but are in contradistinction to the findings from

HICs, where greater educational attainment has been asso-

ciated with a reduced risk of hypertension.
1,23

The difference in the association between SEP and

hypertension in HICs versus low- to middle-income countries

may at least partly be attributable to the effects of epidemi-

ological transition.
7,24

As transition progresses toward urban-

ization and industrialization, diets include a higher content of

fat, and sedentary lifestyles are more common.
25,26

In these

instances, socioeconomic factors play an important role in

Region

Rishi Valley

Godavari

Trivandrum

Education

No formal education

Class 1 to 6

Class 7 to 11

Class 12+

Above poverty line or no ration card

Income per adult per month (Rs)

Quartile 1, Rs 0 to 1000

Quartile 2, Rs >1000 to 1900

Quartile 3, Rs >1900 to 3000

Quartile 4, Rs >3000

At least 5 people living in household

1 10

Body Mass Index

� 23 kg/m2

1 10

Waist Hip Ratio
Above Normal

1 10

Alcohol Consumption

� once a month

Age and Sex Adjusted Odds Ratio

(95% Confidence Interval)

2 5 2 52 5 0.3

Figure 2. Socioeconomic factors associated with waist/hip ratio, body mass index, and alcohol consumption, 3 rural regions

in India, 2014 to 2015. Data are presented as age- and sex-adjusted odds ratios, and error bars indicate 95% CIs. Waist/hip

ratio above normal is defined as ≥0.8 for women and ≥0.9 for men. Rs, Indian rupee.
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influencing the risk and outcome of noncommunicable

conditions, such as hypertension, by affecting individuals’

ability to access and afford health care, lead healthy lifestyles,

and take preventative measures.
24

In HICs, at latter stages of the epidemiological transition,

where sedentary lifestyles and access to high-energy pro-

cessed food persist, education may offer a mitigating effect

on the risk of hypertension.
9,27

With increased educational

attainment, there is increased knowledge about the risk

factors for hypertension and measures to prevent high

BP,
23,26

potentially influencing individuals to adopt healthier

lifestyles.
7,28,29

In the sample we studied, the relationships

between education, risk factors for hypertension, and the risk

of hypertension are not entirely clear. Although we found that

higher SEP was associated with indicators of unhealthy

lifestyle, such as greater BMI and greater WHR, higher

educational attainment was associated with reduced odds of

consuming alcohol in the past month. Therefore, it is likely

that the positive relationship between SEP and hypertension

may partly be fueled by some unhealthy lifestyle practices

that are associated with SEP, although alcohol consumption

does not appear to be among these. The fact that we did not

find evidence for a mitigating effect of education on the

association between income and hypertension or measures of

adiposity, in our rural populations, leads us to speculate that

people with higher SEP in rural India may lack health literacy.

Agricultural workers were less likely to be hypertensive

than either nonagricultural workers or those who were

unemployed or retired, even after adjustment for physical

activity, sex, BMI, WHR, and age (data not shown). This

indicates that there may be fundamental differences between

agricultural workers and those who are nonagricultural

workers or unemployed/retired, and that these differences

may protect agricultural workers from the risk of hyperten-

sion. The precise nature of these differences remains to be

determined.

Our finding that people with hypertension who had higher

educational attainment were more likely to report taking

antihypertensive medications may indicate better health

literacy among this group than those with lower educational

attainment. However, the fact that this trend for increasing

use of medications was also observed with each greater level

of income more likely points to greater access to health care

and greater affordability of medications in those with more

education and a higher income. As rural India is fast

advancing along the epidemiological spectrum,30 the burden

of hypertension in these populations is likely to increase

substantially, so access to affordable medications will be

critical to managing this increased burden.

A limitation of our study was the large proportion of

people who refused to participate, particularly in one of the

regions. Potentially, this may have biased the sample to

those who were not working, as shown by the poorer

response rates in men of working age than in those aged

≥65 years, or there may be other systematic biases that

cannot be accounted for in the analysis. It is unclear whether

this would have resulted in odds ratios that overestimated or

underestimated the effect size. Importantly, the large

proportion of people refusing to participate in the Rishi

Valley region may have reduced the generalizability of our

findings in this region. However, the fact that the findings are

similar between the West Godavari region, the region with a

99% response rate, and the regions with poorer response

rates somewhat mitigates this concern. A further limitation is

the large proportion of missing data for participants’ income,

with 13.6% of participants opting not to report their income,

mostly in the highest SEP region. More important, we

observed less educational attainment, lower levels of SBP,

and lesser adiposity in those who chose to report their

income than in those who refused. Thus, our data on income

are not representative of the population sampled. This is

likely to have biased the findings toward the null and may

have reduced the likelihood of identifying potential modifica-

tions of education on the association of income and

hypertension. Income was derived using self-reported house-

hold income as well as details of additional rental and other

income, and the sum of which was then divided by the

number of adults in the household. Self-reported income

levels are potentially subject to serious measurement error,

so the levels of income obtained may be inaccurate. The fact

that we categorized income into quartiles somewhat reduces

this potential bias. Furthermore, as income is a critical

indicator of SEP, assessing the relationship between income,

education, and hypertension in a more generalizable sample

may provide clearer and more conclusive findings.

A major strength of our study is the large sample size of

11 657 participants from 3 diverse rural regions of India. This

allowed collection of a relatively representative sample and

enabled some generalizability to the population of interest.

We also used rigorous training for all data collectors and

research staff to ensure standardization of methods for data

collection across the 3 sites. The questionnaires we admin-

istered were read aloud to participants to allow inclusion of

participants irrespective of their ability to read or write.

Together, these measures optimized the validity and gener-

alizability of our findings.

In conclusion, the risk of hypertension was positively

associated with higher SEP in rural India. In addition,

modifiable risk factors, such as greater adiposity, were

exacerbated with higher SEP. These modifiable risk factors

may contribute to the increased risk of hypertension in people

with higher SEP. In future studies, careful ascertainment of

income, potentially by using a wealth index or determining

what people spend and own rather than earn, and identifying
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where and how people learn about health, may provide further

clarity about the relationship between SEP and hypertension

in rural Indian populations, particularly if collected prospec-

tively. In addition, comparing sites of higher SEP from urban

regions with those from rural regions may also provide more

information about the factors that influence the relationship

between SEP and hypertension.
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SUPPLEMENTARY MATERIAL 
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Data S1. Supplementary Methods 

Regions of the study 

Trivandrum, located in Kerala is one of the most socioeconomically advantaged regions of India.1 

Seventy four percent of the population in Kerala reside in rural settings, yet changing patterns of 

employment and shifts towards the cultivation of cash crops have rendered Kerala the least 

agriculturally focused state in India.1 Constituents of the District of Trivandrum often have access to 

healthcare and incomes in this region are high by Indian standards. The study site is within the 

Chirayinkeezhu Taluk, a rural region on the northern edge of the District of Trivandrum. 

The West Godavari region (herein termed Godavari), located in northern Andhra Pradesh comprises 

45 villages. Healthcare is less accessible in Godavari than Trivandrum. Average monthly household 

income is lower than in Trivandrum, with the majority of the residents of these regions working in 

agriculture or aquaculture.2, 3 

The Rishi Valley region, located near the south-western border of Andhra Pradesh, encompasses 

approximately 240 hamlets. It is one of the poorest regions of India.3 Most inhabitants of the Rishi 

Valley are subsistence farmers. Average household income is below internationally defined 

thresholds for poverty.4  

Village leaders were contacted and informed about the proposed study, prior to commencement of 

the study.  

Ethics 

This project was approved by the Health Ministry’s Screening Committee of the Government of India 

(58/4/1F/CHR/2013/NCD II), the Sree Chitra Tirunal Institute of Medical Sciences and Technology 

(SCT/IEC-484/July-2013), the Centre for Chronic Disease Control (CCDC-IEC-09-2012), Christian 

Medical College Vellore, and Monash University (CF13/2516 – 2013001327). Written informed 

consent was obtained from all participants prior to inclusion. When participants could not read or 

write, the patient information statement was read aloud to them, and consent recorded via a thumb 

print. 

Questions on income, access to healthcare and employment 

Income, in Indian Rupees, was recorded as household income. Household income was then divided 

by the number of adults in each household to generate income per person per month. Income was 

then categorized into four groups. The four categories were Rs 0 to 1000, Rs > 1000 to 1900, Rs > 

1900 to 3000, Rs > 3000. The categories had approximately equal number of participants in the top 
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three quartiles. There were slightly more people in the bottom quartile because of the large number 

of people with an estimated income of Rs 1000. 

Participants were asked how regularly they visited a doctor, with visits categorized as being regular, 

irregular but within the past 12 months, no visit within the previous year, or never. Access to 

healthcare was assessed by a general question about the ease of visiting a doctor according to five 

levels; difficulty comprised those reporting access to health care as being fairly difficult or very 

difficult.  

Unemployed indicates those without employment, those seeking employment, beggars and 

homemakers. Retired includes retirees, ex-servicemen and pensioners. When individuals stated that 

they were a pensioner, but also undertook other activities, e.g. tending cattle, we deemed them as 

retired. Agricultural indicates farmers, farmhands, sericulture, aquaculture and farm machinery 

operators. People who indicated that they undertook both agricultural and nonagricultural activities 

were preferentially categorized as “agricultural” workers. Non-agricultural indicates all forms of 

employment unrelated to agricultural work including business owners, office workers, healthcare 

workers, manual laborers, students, and others. 

Data cleaning 

Data cleaning was performed in Stata (Stata 11.2, College Station, Texas, United States), with cleaned 

points corrected in two database locations as well as an audit trail. Data points were inspected for 

inconsistencies, such as extreme values, greatly variant blood pressure readings, or values 

inconsistent with adjacent parameters. Suspect data points were verified manually against the 

questionnaire and if necessary against on-site clinical records in India. Erroneous data points were 

replaced with correct values, or excluded where verified values were not available. Each parameter 

was inspected thoroughly before inclusion in analyses. 
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Table S1. Baseline Characteristics According to Whether or Not Details of Income Were Provided, 

Three Rural Regions of India, 2014–2015.  

Characteristics Details 

provided on 

Income 

n = 10,075 

No Details 

provided on 

Income 

n = 1,582 

 P 

Age (years), mean (SD) 45.3 (16.8) 47.1 (19.9)  <0.001 

SBP (mmHg), mean (SD) 122.7 (18.8) * 125.0 (20.5) *  <0.001 

DBP (mmHg), mean (SD) 74.1 (11.7) * 72.1 (11.6) *  <0.001 

Hypertension 2,886 (28.7) * 580 (36.7) *  <0.001 

Female 4,910 (48.8) † 942 (59.6) *  <0.001 

Body Mass Index (kg/m2), mean (SD) 23.1 (5.2) † 23.8 (5.6) *  <0.001 

Waist Hip Ratio 0.89 (0.12) † 0.91 (0.08) †  <0.001 

Site     

Rishi Valley 3,348 (33.2) 52 (3.3)  <0.001 

Godavari 4,337 (43.1) 163 (10.3)   

Trivandrum 2,390 (23.7) 1,367 (86.4)   

Literacy rates     

Read 6,502 (64.6) * 1,328 (86.6) †  <0.001 

Write 6,181 (61.4) * 1,286 (83.9) †  <0.001 

Highest level of schooling ‡ †   

No formal education 2,536 (25.7) 233 (15.2)  <0.001 

Class 1 to 6 2,684 (27.2) 275 (17.9)   

Class 7 to 11 3,048 (30.9) 568 (37.1)   

Class 12+ 1,603 (16.2) 457 (29.8)   

Above poverty line or no ration card 2,039 (20.3) * 893 (58.3) †  <0.001 

People in household     

Mean (SD) 4.2 (2.5) 4.3 (1.9) †  0.03 

≥ 5 people 3,635 (36.1) 624 (40.8) †  <0.001 

Visits to doctor * †   

Never 4,214 (41.9) 442 (28.8)  <0.001 

Regular visits to doctor 960 (9.5) 292 (19.0)   

Irregular, but visited within past year 3,189 (31.7) 591 (38.5)   

Not visited in past 1 year 1,702 (16.9) 210 (13.7)   

Self-reported difficulty in accessing 

health care 

2,913 (28.9) * 172 (11.2) †  <0.001 

Abbreviations: DBP, diastolic blood pressure; Rs, Indian rupees; SBP, systolic blood pressure; SD, standard 

deviation. 

Data are presented as number (%) unless otherwise stated. Income was missing for 36.4% of 

participants in Trivandrum, 3.6% in Godavari, and 1.5% in the Rishi Valley. 

* 1-15 missing observations;  

† 20-53 missing variables 

‡ 104 missing variables 
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Table S2. Factors Associated with Hypertension in Women, Three Rural Regions in India, 2014–2015. 

Characteristic Univariable  Adjusted for Age 

OR 95% CI P  OR 95% CI P 

Age, years 1.08 1.08, 1.09 <0.001     

Age Group, years        

18-34.9 1.00       

35-54.9 7.50 5.94, 9.49 <0.001     

≥55 28.0 22.2, 35.2 <0.001     

Region        

Rishi Valley 1.00    1.00   

Godavari 1.79 1.55, 2.07 <0.001  2.32 1.96, 2.75 <0.001 

Trivandrum 2.15 1.85, 2.49 <0.001  2.62 2.20, 3.12 <0.001 

Literate: Ability to Write * 0.64 0.57, 0.71 <0.001  1.56 1.36, 1.79 <0.001 

Education †        

No Formal Education 1.00    1.00   

Class 1 to 6 0.90 0.78, 1.04 0.16  1.61 1.36, 1.90 <0.001 

Class 7 to 11 0.56 0.48, 0.64 <0.001  1.88 1.57, 2.25 <0.001 

Class 12+ 0.19 0.15, 0.24 <0.001  1.26 0.96, 1.67 0.1 

Above poverty line or no ration 

card * 

1.31 1.16, 1.48 <0.001  1.39 1.20, 1.61 <0.001 

At least 5 people living in 

household * 

0.95 0.84, 1.06 0.4  1.03 0.90, 1.18 0.7 

Type of employment*        

Agricultural 1.00    1.00   

Non-agricultural 1.30 1.03, 1.65 0.03  1.85 1.42, 2.40 <0.001 

Unemployed 3.15 2.63, 3.76 <0.001  2.81 2.32, 3.40 <0.001 

Retired 10.1 7.95, 12.8 <0.001  2.06 1.58, 2.68 <0.001 

Income per adult per month ‡        

Q1, Rs 0 to 1000 1.00    1.00   

Q2, Rs >1000 to 1900 1.03 0.86, 1.23 0.7  1.31 1.07, 1.61 0.009 

Q3, Rs >1900 to 3000 1.00 0.85, 1.18 >0.9  1.54 1.27, 1.87 <0.001 

Q4, Rs >3000 1.04 0.88, 1.23 0.7  1.61 1.32, 1.96 <0.001 

Visits to doctor *        

Never 1.00    1.00   

Regular visits to doctor 22.1 17.7, 27.5 <0.001  13.2 10.4, 16.8 <0.001 

Irregular, but visited within 

past year 

4.25 3.60, 5.02 <0.001  3.62 3.01, 4.35 <0.001 

Not visited in past 1 year 1.97 1.61, 2.41 <0.001  1.91 1.53, 2.40 <0.001 

Self-reported difficulty in 

accessing health care * 

1.04 0.92, 1.17 0.5  0.94 0.81, 1.08 0.4 

Abbreviations: CI, confidence interval; OR, odds ratio; Q1-4, quartiles 1-4; Rs, rupees 

N= 5,851. Data are presented as odds ratio (95% confidence interval). P values were generated using 

univariable and multivariable logistic regression. Hypertension is defined as a systolic blood pressure > 140 

mmHg and/or a diastolic blood pressure > 90 mmHg and/or taking BP lowering medication(s). For difficulty 

in accessing healthcare, participants reported their level of difficulty according to five levels; difficulty 

comprised those reporting access to health care as being fairly difficult or very difficult. Unemployed 

indicates those without employment, those seeking employment, and homemakers. Retired refers to retirees, 

and pensioners. Agricultural indicates farmers, farmhands, and farm machinery operators. Non-agricultural 

indicates all forms of employment unrelated to agricultural work including business owners, office workers, 

healthcare workers, manual laborers, students, and others. 

* 24-39 missing observations; † 121 missing observations; ‡ 941 missing observations.   
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Table S3. Factors Associated with Hypertension in Men, Three Rural Regions in India, 2014–2015. 

Characteristic Univariable  Adjusted for Age 

OR 95% CI P  OR 95% CI P 

Age, years 1.06 1.07, 1.07 <0.001     

Age Group, years        

18-34.9 1.00       

35-54.9 4.11 3.37, 5.00 <0.001     

≥55 11.9 9.80, 14.3 <0.001     

Region        

Rishi Valley 1.00    1.00   

Godavari 1.24 1.07, 1.43 0.004  1.36 1.16, 1.59 <0.001 

Trivandrum 1.48 1.28, 1.72 <0.001  1.59 1.35, 1.87 <0.001 

Literate: Ability to Write * 0.80 0.70, 0.90 <0.001  1.32 1.15, 1.51 <0.001 

Education †        

No Formal Education 1.00    1.00   

Class 1 to 6 0.89 0.75, 1.06 0.2  1.06 0.88, 1.28 0.5 

Class 7 to 11 0.68 0.57, 0.80 <0.001  1.40 1.16, 1.69 0.001 

Class 12+ 0.46 0.38, 0.56 <0.001  1.65 1.31, 2.08 <0.001 

Above poverty line or no ration 

card * 

1.60 1.41, 1.82 <0.001  1.57 1.36, 1.81 <0.001 

At least 5 people living in 

household * 

0.80 0.71, 0.90 0.001  0.87 0.76, 0.99 0.03 

Type of employment *        

Agricultural 1.00    1.00   

Non-agricultural 0.78 0.68, 0.89 <0.001  1.31 1.13, 1.52 <0.001 

Unemployed 3.16 2.60, 3.85 <0.001  1.71 1.37, 2.13 <0.001 

Retired 4.27 3.45, 5.29 <0.001  1.50 1.19, 1.90 0.001 

Income per adult per month ‡        

Q1, Rs 0 to 1000 1.00    1.00   

Q2, Rs >1000 to 1900 0.91 0.77, 1.07 0.3  1.14 0.95, 1.38 0.2 

Q3, Rs >1900 to 3000 0.82 0.70, 0.97 0.02  1.04 0.87, 1.25 0.7 

Q4, Rs >3000 1.02 0.86, 1.22 0.8  1.38 1.14, 1.67 0.001 

Visits to doctor *        

Never 1.00    1.00   

Regular visits to doctor 11.8 9.53, 14.5 <0.001  5.51 4.41, 6.89 <0.001 

Irregular, but visited within past 

year 

3.20 2.78, 3.70 <0.001  2.16 1.85, 2.52 <0.001 

Not visited in past 1 year 2.07 1.73, 2.49 <0.001  1.48 1.22, 1.80 <0.001 

Self-reported difficulty in accessing 

health care * 

0.95 0.83, 1.09 0.45  0.78 0.67, 0.91 0.001 

Abbreviations: CI, confidence interval; OR, odds ratio; Q1-4, quartiles 1-4; Rs, rupees 

N= 5,780. Data are presented as odds ratio (95% confidence interval). P values were generated using 

univariable and multivariable logistic regression. Hypertension is defined as a systolic blood pressure > 140 

mmHg and/or a diastolic blood pressure > 90 mmHg and/or taking BP lowering medication(s). For difficulty 

in accessing healthcare, participants reported their level of difficulty according to five levels; difficulty 

comprised those reporting access to health care as being fairly difficult or very difficult. Unemployed 

indicates those without employment, those seeking employment, and homemakers. Retired refers to retirees, 

and pensioners. Agricultural indicates farmers, farmhands, and farm machinery operators. Non-agricultural 

indicates all forms of employment unrelated to agricultural work including business owners, office workers 

healthcare workers, manual laborers, students, and others.  

* 23-46 missing observations; † 129 missing observations; ‡ 637 missing observations. 
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Table S4. Association Between Income and/or Education and Hypertension and its Risk Factors in Women, Three Rural Regions in India, 2014–2015. 

SEP variable Hypertension  WHR above Normal *  BMI ≥ 23 kg/m2 † 

 OR 95% CI P  OR 95% CI P  OR 95% CI P 

Income per adult per month, 

Adjusted for Age 

           

Q1, Rs 0 to 1000 1.00    1.00    1.00   

Q2, Rs >1000 to 1900 1.31 1.06, 1.61 0.01  1.77 1.48, 2.10 <0.001  1.77 1.50, 2.09 <0.001 

Q3, Rs >1900 to 3000 1.55 1.28, 1.88 <0.001  2.13 1.80, 2.50 <0.001  2.28 1.96, 2.66 <0.001 

Q4, Rs >3000 1.59 1.30, 1.93 <0.001  2.39 2.02, 2.83 <0.001  2.88 2.46, 3.38 <0.001 

Income per adult per month, 

Adjusted for Age and 

Education 

           

Q1, Rs 0 to 1000 1.00    1.00    1.00   

Q2, Rs >1000 to 1900 1.23 1.00, 1.52 0.05  1.66 1.39, 1.99 <0.001  1.63 1.38, 1.93 <0.001 

Q3, Rs >1900 to 3000 1.48 1.22, 1.80 <0.001  2.12 1.79, 2.50 <0.001  2.22 1.90, 2.61 <0.001 

Q4, Rs >3000 1.44 1.18, 1.77 <0.001  2.13 1.79, 2.53 <0.001  2.46 2.09, 2.91 <0.001 

Education, Adjusted for Age            

No Formal Education 1.00    1.00    1.00   

Class 1 to 6 1.60 1.34, 1.92 <0.001  1.79 1.52, 2.11 <0.001  2.52 2.15, 2.95 <0.001 

Class 7 to 11 1.78 1.46, 2.18 <0.001  2.55 2.14, 3.05 <0.001  3.62 3.06, 4.29 <0.001 

Class 12+ 1.26 0.92, 1.74 0.2  3.57 2.82, 4.50 <0.001  4.01 3.22, 5.00 <0.001 

Education, Adjusted for Age 

and Income 

           

No Formal Education 1.00    1.00    1.00   

Class 1 to 6 1.49 1.23, 1.79 <0.001  1.58 1.33, 1.87 <0.001  2.19 1.86, 2.57 <0.001 

Class 7 to 11 1.70 1.39, 2.09 <0.001  2.40 2.00, 2.87 <0.001  3.37 2.83, 4.00 <0.001 

Class 12+ 1.16 0.84, 1.61 0.4  3.30 2.60, 4.19 <0.001  3.60 2.87, 4.51 <0.001 

Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio; Q1-4, quartiles 1-4; WHR, waist-hip ratio; Rs, rupees; SEP, socioeconomic position 

n = 4,815 (1,037 missing observations for education or income); Data are presented as odds ratios (95% confidence interval). P values were generated using logistic 

regression adjusted for age alone, or adjusted for age and education/income.  

* 42 additional missing observations; † 12 additional missing observations.  
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Table S5. Association Between Income and/or Education and Hypertension and its Risk Factors in Men, Three Rural Regions in India, 2014–2015. 

SEP variable Hypertension  WHR above Normal *  BMI ≥ 23 kg/m2 *  Alcohol in Past 30 Days * 

 OR 95% CI P  OR 95% CI P  OR 95% CI P  OR 95% CI P 

Income per adult per month, 

Adjusted for Age 

               

Q1, Rs 0 to 1000 1.00    1.00    1.00    1.00   

Q2, Rs >1000 to 1900 1.14 0.94, 1.38 0.2  1.76 1.49, 2.09 <0.001  1.41 1.20, 1.66 <0.001  0.90 0.75, 1.07 0.2 

Q3, Rs >1900 to 3000 1.04 0.86, 1.25 0.7  2.18 1.84, 2.57 <0.001  1.69 1.45, 1.97 <0.001  1.06 0.90, 1.25 0.5 

Q4, Rs >3000 1.35 1.12, 1.64 0.002  2.45 2.06, 2.93 <0.001  2.68 2.28, 3.16 <0.001  0.94 0.79, 1.12 0.5 

Income per adult per month, 

Adjusted for Age and 

Education 

               

Q1, Rs 0 to 1000 1.00    1.00    1.00    1.00   

Q2, Rs >1000 to 1900 1.14 0.94, 1.38 0.2  1.78 1.50, 2.11 <0.001  1.42 1.21, 1.67 <0.001  0.90 0.75, 1.07 0.2 

Q3, Rs >1900 to 3000 1.03 0.86, 1.24 0.7  2.21 1.87, 2.62 <0.001  1.72 1.47, 2.02 <0.001  1.06 0.90, 1.25 0.5 

Q4, Rs >3000 1.24 1.01, 1.51 0.04  2.43 2.03, 2.91 <0.001  2.47 2.09, 2.92 <0.001  1.07 0.90, 1.29 0.4 

Education, Adjusted for Age                

No Formal Education 1.00    1.00    1.00    1.00   

Class 1 to 6 1.05 0.86, 1.27 0.65  1.77 1.47, 2.13 <0.001  1.72 1.43, 2.05 <0.001  0.78 0.64, 0.93 0.007 

Class 7 to 11 1.32 1.08, 1.61 0.006  2.03 1.68, 2.44 <0.001  2.47 2.06, 2.95 <0.001  0.81 0.67, 0.97 0.02 

Class 12+ 1.72 1.35, 2.19 <0.001  1.74 1.41, 2.16 <0.001  2.92 2.37, 3.59 <0.001  0.36 0.29, 0.45 <0.001 

Education, Adjusted for Age 

and Income 

               

No Formal Education 1.00    1.00    1.00    1.00   

Class 1 to 6 1.04 0.86, 1.26 0.7  1.72 1.43, 2.08 <0.001  1.67 1.40, 2.00 <0.001  0.77 0.64, 0.93 0.006 

Class 7 to 11 1.30 1.06, 1.58 0.01  2.01 1.66, 2.43 <0.001  2.37 1.98, 2.84 <0.001  0.80 0.67, 0.96 0.02 

Class 12+ 1.63 1.27, 2.09 <0.001  1.58 1.27, 1.97 <0.001  2.52 2.04, 3.12 <0.001  0.35 0.28, 0.45 <0.001 

Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio; WHR, waist-hip ratio; Q1-4, quartiles 1-4; Rs, rupees; SEP, socioeconomic position 

n = 5,034 (750 missing observations for education or income); Data are presented as odds ratios (95% confidence interval). P values were generated using logistic 

regression adjusted for age alone, or adjusted for age and education/income. * 12-15 additional missing observations   
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Table S6. Association Between Income and/or Education and Hypertension as defined by a cut-off of 130/80 mmHg as per the American College of 

Cardiology / American Heart Association guidelines for hypertension;5
 Three Rural Regions in India, 2014–2015.  

SEP variable Three Sites Combined  Rishi Valley  Godavari  Trivandrum 

 OR 95% CI P  OR 95% CI P  OR 95% CI P  OR 95% CI P 

Income per adult per month, 

Adjusted for Age 

               

Q1, Rs 0 to 1000 1.00    1.00    1.00    1.00   

Q2, Rs >1000 to 1900 1.23 1.08, 1.39 0.001  1.18 0.95, 1.47 0.13  0.91 0.72, 1.15 0.44  1.17 0.92, 1.49 0.20 

Q3, Rs >1900 to 3000 1.30 1.16, 1.46 <0.001  1.29 1.01, 1.65 0.04  1.00 0.80, 1.24 0.97  1.08 0.84, 1.39 0.54 

Q4, Rs >3000 1.44 1.27, 1.63 <0.001  1.28 1.01, 1.61 0.04  1.09 0.86, 1.37 0.48  1.34 1.06, 1.69 0.02 

Income per adult per month, 

Adjusted for Age and 

Education 

               

Q1, Rs 0 to 1000 1.00    1.00    1.00    1.00   

Q2, Rs >1000 to 1900 1.20 1.06, 1.35 0.004  1.16 0.93, 1.45 0.18  0.92 0.73, 1.17 0.50  1.15 0.90, 1.47 0.25 

Q3, Rs >1900 to 3000 1.28 1.14, 1.44 <0.001  1.26 0.99, 1.62 0.06  1.01 0.81, 1.26 0.96  1.05 0.82, 1.36 0.69 

Q4, Rs >3000 1.35 1.19, 1.52 <0.001  1.22 0.96, 1.56 0.10  1.07 0.84, 1.35 0.59  1.27 0.99, 1.62 0.06 

Education, Adjusted for Age                

No Formal Education 1.00    1.00    1.00    1.00   

Class 1 to 6 1.27 1.13, 1.43 <0.001  1.16 0.95, 1.42 0.14  1.28 1.08, 1.51 0.004  0.80 0.54, 1.18 0.25 

Class 7 to 11 1.42 1.26, 1.61 <0.001  1.19 0.96, 1.49 0.11  1.31 1.07, 1.59 0.009  1.08 0.77, 1.52 0.65 

Class 12+ 1.68 1.44, 1.95 <0.001  1.40 1.03, 1.90 0.03  1.50 1.16, 1.93 0.002  1.23 0.84, 1.79 0.29 

Education, Adjusted for Age 

and Income 

               

No Formal Education 1.00    1.00    1.00    1.00   

Class 1 to 6 1.23 1.09, 1.38 0.001  1.13 0.93, 1.39 0.10  1.27 1.07, 1.50 0.005  0.78 0.53, 1.16 0.22 

Class 7 to 11 1.38 1.22, 1.56 <0.001  1.15 0.92, 1.44 0.23  1.29 1.06, 1.58 0.01  1.04 0.74, 1.46 0.83 

Class 12+ 1.58 1.35, 1.85 <0.001  1.33 0.98, 1.81 0.07  1.47 1.14, 1.90 0.003  1.12 0.76, 1.66 0.57 

Abbreviations: CI, confidence interval; OR, odds ratio; Q1-4, quartiles 1-4; Rs, rupees; SEP, socioeconomic position 

n = 9,869 (1,788 missing observations for education or income); n = 3,160 Rishi Valley, n = 4,320 Godavari, n = 2,389 Trivandrum (missing observations for 

education or income: 236 Rishi Valley, 180 Godavari, 1,367 Trivandrum); Data are presented as odds ratios (95% confidence interval). P values were generated 

using logistic regression adjusted for age alone, or adjusted for age and education/income.   
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Table S7. Association Between Income and/or Education and Hypertension by Region, Three Rural Regions in India, 2014–2015. 

SEP variable Rishi Valley  Godavari  Trivandrum 

OR 95% CI P  OR 95% CI P  OR 95% CI P 

Income per adult per month, 

Adjusted for Age 

           

Q1, Rs 0 to 1000 1.00 
 

  1.00 
 

  1.00   

Q2, Rs >1000 to 1900 1.00 0.77, 1.31 0.97  1.01 0.78, 1.30 0.97  1.20 0.92, 1.56 0.18 

Q3, Rs >1900 to 3000 0.96 0.71, 1.31 0.80  1.06 0.83, 1.35 0.65  1.01 0.77, 1.34 0.93 

Q4, Rs >3000 0.87 0.64, 1.19 0.38  1.28 0.99, 1.66 0.037  1.27 0.99, 1.64 0.06 

Income per adult per month, 

Adjusted for Age and Education 

           

Q1, Rs 0 to 1000 1.00 
 

  1.00 
 

  1.00   

Q2, Rs >1000 to 1900 1.00 0.77, 1.31 0.99  1.01 0.78, 1.30 0.95  1.17 0.90, 1.52 0.24 

Q3, Rs >1900 to 3000 0.95 0.70, 1.30 0.76  1.06 0.83, 1.35 0.65  0.99 0.74, 1.31 0.92 

Q4, Rs >3000 0.84 0.61, 1.16 0.29  1.28 0.99, 1.66 0.055  1.22 0.93, 1.59 0.15 

Education, Adjusted for Age            

No Formal Education 1.00 
 

  1.00 
 

  1.00   

Class 1 to 6 1.01 0.80, 1.27 0.95  1.23 1.03, 1.46 0.023  0.81 0.55, 1.18 0.27 

Class 7 to 11 0.91 0.69, 1.20 0.53  1.32 1.06, 1.65 0.014  1.20 0.86, 1.67 0.29 

Class 12+ 1.30 0.88, 1.93 0.19  1.22 0.90, 1.66 0.19  1.21 0.83, 1.78 0.33 

Education, Adjusted for Age and 

Income 

           

No Formal Education 1.00 
 

  1.00 
 

  1.00   

Class 1 to 6 1.02 0.80, 1.28 0.90  1.21 1.01, 1.44 0.037  0.80 0.54, 1.17 0.25 

Class 7 to 11 0.93 0.70, 1.23 0.62  1.28 1.02, 1.60 0.032  1.16 0.83, 1.62 0.39 

Class 12+ 1.36 0.91, 2.03 0.13  1.16 0.85, 1.58 0.35  1.13 0.76, 1.69 0.55 

Abbreviations: CI, confidence interval; OR, odds ratio; Q1-4, quartiles 1-4; Rs, rupees; SEP, socioeconomic position 

n = 3,160 Rishi Valley, n = 4,320 Godavari, n = 2,389 Trivandrum (missing observations for education or income: 236 Rishi Valley, 180 Godavari, 1,367 

Trivandrum); P values were generated using logistic regression adjusted for age alone, or adjusted for age and education/income.  
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Table S8. Association Between Income and/or Education and Hypertension and its Risk Factors, Three Rural Regions in India, 2014–2015. 

SEP variable Hypertension  WHR Above Normal *  BMI ≥ 23 kg/m2 † 

OR 95% CI P  OR 95% CI P  OR 95% CI P 

Income per adult per month, 

Adjusted for Age and Region 

           

Q1, Rs 0 to 1000 1.00 1.00   1.00 
 

  1.00   

Q2, Rs >1000 to 1900 1.09 0.95, 1.26 0.23  1.33 1.18, 1.52 <0.001  1.28 1.14, 1.44 <0.001 

Q3, Rs >1900 to 3000 1.10 0.96, 1.26 0.18  1.59 1.40, 1.79 <0.001  1.58 1.42, 1.77 <0.001 

Q4, Rs >3000 1.26 1.10, 1.45 0.001  1.81 1.59, 2.06 <0.001  2.26 2.01, 2.54 <0.001 

Income per adult per month, 

Adjusted for Age, Region and 

Education 

           

Q1, Rs 0 to 1000 1.00 1.00   1.00 
 

  1.00   

Q2, Rs >1000 to 1900 1.09 0.94, 1.25 0.25  1.31 1.16, 1.49 <0.001  1.27 1.13, 1.43 <0.001 

Q3, Rs >1900 to 3000 1.10 0.96, 1.26 0.19  1.56 1.38, 1.76 <0.001  1.60 1.43, 1.79 <0.001 

Q4, Rs >3000 1.25 1.08, 1.44 0.002  1.77 1.55, 2.02 <0.001  2.16 1.92, 2.43 <0.001 

Education, Adjusted for Age and 

Region 

           

No Formal Education 1.00 1.00   1.00 
 

  1.00   

Class 1 to 6 1.11 0.97, 1.26 0.12  1.50 1.32, 1.69 <0.001  1.65 1.47, 1.86 <0.001 

Class 7 to 11 1.12 0.97, 1.30 0.11  1.44 1.26, 1.64 <0.001  1.89 1.67, 2.13 <0.001 

Class 12+ 1.16 0.96, 1.41 0.12  1.19 1.01, 1.39 0.04  1.94 1.67, 2.25 <0.001 

Education, Adjusted for Age, 

Region and Income 

           

No Formal Education 1.00 1.00   1.00 
 

  1.00   

Class 1 to 6 1.09 0.95, 1.24 0.22  1.42 1.25, 1.61 <0.001  1.56 1.39, 1.75 <0.001 

Class 7 to 11 1.10 0.96, 1.28 0.18  1.41 1.23, 1.61 <0.001  1.83 1.62, 2.07 <0.001 

Class 12+ 1.11 0.91, 1.34 0.30  1.14 0.96, 1.34 0.13  1.77 1.52, 2.07 <0.001 

Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio; Q1-Q4, quartiles 1-4; Rs, Indian rupees; WHR, waist-hip ratio. 

n = 9,869 (1,788 missing observations for education or income); Data are presented as odds ratios (95% confidence interval). P values were generated using logistic 

regression adjusted for age and region, or adjusted for age, region and education/income. WHR above normal is defined as ≥0.8 for women and ≥0.9 for men.  
* 62 additional missing observations; † 24 additional missing observations  
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Table S9. Modification of the Effect of Education on Hypertension by Income Level, Three Rural Regions in India, 2014–2015: by Sex. 

 Education Level  Measure of Effect Modification 

Income per adult per month No Education to Class 6  Class 7 and Above  on Additive Scale 

 N +/- HTN OR 95% CI P  N +/- HTN OR 95% CI P  Index OR 95% CI P 

Women               

Rs 0 to 1900 570 / 1,062 1.00    174 / 772 1.49 1.18, 1.87 <0.001      

Rs >1900  451 / 817 1.53 1.28, 1.83 < 0.001  193 / 776 1.78 1.42, 2.24 <0.001      

           RERI -0.23 -0.72, 0.25 0.35 

           AP -0.13 -0.42, 0.15 0.37 

           SI 0.77 0.45, 1.31 0.34 

Men               

Rs 0 to 1900 442 / 838 1.00    294 / 1,011 1.37 1.12, 1.67 0.002      

Rs >1900  312 / 716 1.07 0.88, 1.29 0.51  358 / 1,063 1.48 1.22, 1.79 <0.001      

           RERI 0.05 -0.29, 0.38 0.79 

           AP 0.03 -0.20, 0.26 0.79 

           SI 1.11 0.51, 2.40 0.80 
Abbreviations: AP, Attributable proportion; CI, confidence interval; HTN, hypertension; OR, odds ratio; RERI, Relative Excess Risk due to Interaction; Rs, rupees; SI, Synergy Index 

Data are presented as odds ratios (95% confidence interval), and all analyses are adjusted for age.  

n = 4,815 for women (1,037 missing observations for education or income) 

n = 5,034 for men (750 missing observations for education or income)  
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Table S10. Modification of the Effect of Education on Hypertension (130/80 mmHg) by Income Level, Three Rural Regions in India, 2014–2015: Overall and by Sex. 

 Education Level  Measure of Effect Modification 

Income per adult per month No Education to Class 6  Class 7 and Above  on Additive Scale 

 N +/- HTN OR 95% CI P  N +/- HTN OR 95% CI P  Index OR 95% CI P 

Women and Men Combined               

Rs 0 to 1900 1,443 / 1,478 1.00    803 / 1,450 1.37 1.20, 1.56 <0.001      

Rs >1900  1,129 / 1,169 1.31 1.16, 1.47 <0.001  953 / 1,444 1.59 1.40, 1.81 <0.001      

           RERI -0.08 -0.32, 0.16 0.52 

           AP -0.05 -0.20, 0.10 0.53 

           SI 0.88 0.61, 1.27 0.51 

Women               

Rs 0 to 1900 775 / 857 1.00    277 / 669 1.47 1.20, 1.81 <0.001      

Rs >1900  614 / 654 1.52 1.29, 1.80 <0.001  286 / 683 1.54 1.26, 1.89 <0.001      

           RERI -0.45 -0.87, -0.04 0.03 

           AP -0.29 -0.58, -0.01 0.05 

           SI 0.55 0.32, 0.93 0.03 

Men               

Rs 0 to 1900 663 / 617 1.00    526 / 779 1.23 1.04, 1.47 0.02      

Rs >1900  513 / 515 1.13 0.95, 1.35 0.16  664 / 757 1.54 1.30, 1.82 <0.001      

           RERI 0.17 -0.11, 0.46 0.23 

           AP 0.11 -0.07, 0.29 0.23 

           SI 1.47 0.68, 3.18 0.33 
Abbreviations: AP, Attributable proportion; CI, confidence interval; HTN, hypertension; OR, odds ratio; RERI, Relative Excess Risk due to Interaction; Rs, Rupees; SI, Synergy Index 

Data are presented as odds ratios (95% confidence interval), and all analyses are adjusted for age. 

n = 9,869 for women and men combined (1,788 missing observations for education or income) 

n = 4,815 for women (1,037 missing observations for education or income) 

n = 5,034 for men (750 missing observations for education or income)  
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Table S11. Modification of the Effect of Education on Hypertension by Income Level for Women and Men Combined, 2014–2015: by Region. 

 Education Level  Measure of Effect Modification 

Income per adult per month No Education to Class 6  Class 7 and Above  on Additive Scale 

 N +/- HTN OR 95% CI P  N +/- HTN OR 95% CI P  Index OR 95% CI P 

Rishi Valley               

Rs 0 to 1900 451 / 1,080 1.00    92 / 695 0.96 0.72, 1.27 0.75      

Rs >1900  81 / 339 0.85 0.64, 1.14 0.29  55 / 367 0.98 0.70, 1.38 0.91      

           RERI 0.17 -0.28, 0.62 0.46 

           AP 0.17 -0.26, 0.60 0.43 

           SI – – – 

Godavari               

Rs 0 to 1900 384 / 633 1.00    97 / 431 1.34 0.99, 1.80 0.06      

Rs >1900  611 / 1,124 1.22 1.02, 1.46 0.03  216 / 824 1.29 1.02, 1.63 0.03      

           RERI -0.27 -0.72, 0.19 0.25 

           AP -0.21 -0.56, 0.15 0.26 

           SI 0.52 0.20, 1.39 0.19 

Trivandrum               

Rs 0 to 1900 181 / 192 1.00    279 / 659 1.29 0.97, 1.71 0.08      

Rs >1900  71 / 72 0.91 0.59, 1.39 0.65  281 / 654 1.37 1.03, 1.83 0.03      

           RERI 0.18 -0.30, 0.66 0.46 

           AP 0.13 -0.22, 0.48 0.47 

           SI 1.93 0.13, 28.4 0.63 
Abbreviations: AP, Attributable proportion; CI, confidence interval; HTN, hypertension; OR, odds ratio; RERI, Relative Excess Risk due to Interaction; Rs, Rupees; SI, Synergy Index 

Data are presented as odds ratios (95% confidence interval), and all analyses are adjusted for age.  

n = 3,160 for the Rishi Valley (236 missing observations for education or income) 

n = 4,320 for Godavari (180 missing observations for education or income) 

n = 2,389 for Trivandrum (1,367 missing observations for education or income) 
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Table S12. Association between SEP and Waist Hip Ratio Above Normal, Three Rural Regions in 

India, 2014–2015. 

Characteristic Univariable  Adjusted for Age and Sex 

OR 95% CI P  OR 95% CI P 

Region        

Rishi Valley 1.00    1.00   

Godavari 2.83 2.58, 3.11 <0.001  3.20 2.91, 3.54 <0.001 

Trivandrum 5.13 4.62, 5.71 <0.001  5.80 5.19, 6.48 <0.001 

Education *        

No Formal Education 1.00    1.00   

Class 1 to 6 1.37 1.23, 1.53 <0.001  1.94 1.72, 2.18 <0.001 

Class 7 to 11 1.32 1.19, 1.46 <0.001  2.73 2.41, 3.08 <0.001 

Class 12+ 0.90 0.80, 1.02 0.09  2.69 2.33, 3.11 <0.001 

Above poverty line or no ration card † 2.42 2.19, 2.68 <0.001  2.47 2.23, 2.74 <0.001 

At least 5 people living in household † 0.91 0.84, 0.99 0.03  0.97 0.89, 1.05 0.40 

Income per adult per month ‡        

Q1, Rs 0 to 1000 1.00    1.00   

Q2, Rs >1000 to 1900 1.53 1.36, 1.71 <0.001  1.76 1.56, 1.98 <0.001 

Q3, Rs >1900 to 3000 1.76 1.58, 1.96 <0.001  2.10 1.87, 2.36 <0.001 

Q4, Rs >3000 2.00 1.78, 2.25 <0.001  2.40 2.13, 2.71 <0.001 

Abbreviations: CI, confidence interval; OR, odds ratio; Q1-4, quartiles 1-4; Rs, rupees; SEP, socioeconomic 

position 

n =11,576 for univariable and n=11,563 for adjusted analyses. Waist hip ratio above normal is defined as 

≥0.8 for women and ≥0.9 for men. P values were generated using univariable and multivariable logistic 

regression. Class 12+ includes individuals who graduated from secondary schooling, completed technical 

college or completed university. Income level above the poverty line was assessed using self-reported data 

for use of a government issued ration card.  

* 238 missing observations. † 37-43 missing observations. ‡ 1,564-1,565 missing observations. 

 



16 
 

Table S13. Association between SEP and BMI ≥23 kg/m2, Three Rural Regions in India, 2014–

2015. 

Characteristic Univariable  Adjusted for Age and Sex 

OR 95% CI P  OR 95% CI P 

Region        

Rishi Valley 1.00    1.00   

Godavari 2.91 2.65, 3.20 <0.001  2.97 2.70, 3.27 <0.001 

Trivandrum 3.45 3.13, 3.81 <0.001  3.48 3.15, 3.84 <0.001 

Education *        

No Formal Education 1.00    1.00   

Class 1 to 6 1.62 1.46, 1.80 <0.001  2.00 1.79, 2.23 <0.001 

Class 7 to 11 1.99 1.80, 2.21 <0.001  2.97 2.65, 3.33 <0.001 

Class 12+ 1.84 1.64, 2.06 <0.001  3.28 2.86, 3.76 <0.001 

Above poverty line or no ration card † 2.21 2.03, 2.41 <0.001  2.19 2.01, 2.39 <0.001 

At least 5 people living in household † 0.94 0.87, 1.01 0.09  0.95 0.88, 1.02 0.20 

Income per adult per month ‡        

Q1, Rs 0 to 1000 1.00    1.00   

Q2, Rs >1000 to 1900 1.48 1.32, 1.66 <0.001  1.57 1.40, 1.76 <0.001 

Q3, Rs >1900 to 3000 1.81 1.62, 2.01 <0.001  1.91 1.72, 2.13 <0.001 

Q4, Rs >3000 2.63 2.35, 2.94 <0.001  2.78 2.48, 3.11 <0.001 

Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio; Q1-4, quartiles 1-4; 

Rs, rupees; SEP, socioeconomic position 

n =11,616 for univariable and n=11,595 for adjusted analyses. P values were generated using 

univariable and multivariable logistic regression. Class 12+ includes individuals who graduated from 

secondary schooling, completed technical college or completed university. Income level above the 

poverty line was assessed using self-reported data for use of a government issued ration card.  

* 240 missing observations. † 41-45 missing observations. ‡ 1,567 – 1,568 missing observations. 
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Table S14. Modification of the Effect of Education on Waist Hip Ratio Above Normal Levels, by Income Level, Three Rural Regions in India, 2014–2015: Overall and by 

Sex. 

 Education Level  Measure of Effect Modification 

Income per adult per month No Education to Class 6  Class 7 and Above  on Additive Scale 

 N +/- WHR 

above normal 

OR 95% CI P  N +/- WHR 

above normal 

OR 95% CI P  Index OR 95% CI P 

Women and Men Combined               

Rs 0 to 1900 1,734 / 1,160 1.00    1,314 / 920 1.82 1.60, 2.07 <0.001      

Rs >1900  1,631 / 662 2.07 1.83, 2.34 <0.001  1,648 / 738 2.82 2.48, 3.21 <0.001      

           RERI -0.07 -0.43, 0.30 0.72 

           AP -0.02 -0.15, 0.11 0.72 

           SI 0.96 0.79, 1.17 0.72 

Women               

Rs 0 to 1900 925 / 686 1.00    600 / 334 2.53 2.09, 3.06 <0.001      

Rs >1900  893 / 372 2.20 1.87, 2.60 <0.001  694 / 269 3.69 3.03, 4.49 <0.001      

           RERI -0.04 -0.74, 0.66 0.90 

           AP -0.01 -0.20, 0.18 0.90 

           SI 0.98 0.76, 1.27 0.90 

Men               

Rs 0 to 1900 805 / 472 1.00    714 / 586 1.41 1.18, 1.69 <0.001      

Rs >1900  737 / 290 1.90 1.58, 2.29 <0.001  950 / 468 2.30 1.92, 2.75 <0.001      

           RERI -0.01 -0.44, 0.41 0.95 

           AP -0.01 -0.19, 0.18 0.95 

           SI 0.99 0.71, 1.37 0.95 
Abbreviations: AP, Attributable proportion; CI, confidence interval; OR, odds ratio; RERI, Relative Excess Risk due to Interaction; Rs, Rupees; SI, Synergy Index; WHR, waist to hip ratio 

Data are presented as odds ratios (95% confidence interval), and all analyses are adjusted for age.  

n = 9,805 for women and men combined (1,850 missing observations for education, income or WHR) 

n = 4,773 for women (1,079 missing observations for education, income, or WHR) 

n = 5,022 for men (762 missing observations for education, income, or WHR) 
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Table S15. Women and Men Combined: Modification of the Effect of Education on BMI ≥ 23 kg/m2 by Income Level, Three Rural Regions in India, 2014–2015. 

 Education Level  Measure of Effect Modification 

Income per adult per month No Education to Class 6  Class 7 and Above  on Additive Scale 

 N +/- BMI ≥ 
23 kg/m2 

OR 95% CI P  N +/- BMI ≥ 
23 kg/m2 

OR 95% CI P  Index OR 95% CI P 

Women and Men Combined               

Rs 0 to 1900 1,045 / 1,863 1.00    1,030 / 1,215 1.94 1.72, 2.19 <0.001      

Rs >1900  1,159 / 1,137 1.96 1.75, 2.20 <0.001  1,440 / 956 3.42 3.03, 3.86 <0.001      

           RERI 0.52 0.15, 0.88 0.006 

           AP 0.15 0.05, 0.25 0.003 

           SI 1.27 1.07, 1.51 0.007 

Women               

Rs 0 to 1900 610 / 1,013 1.00    488 / 457 2.69 2.24, 3.23 <0.001      

Rs >1900  707 / 559 2.39 2.05, 2.79 <0.001  629 / 340 4.72 3.91, 5.68 <0.001      

           RERI 0.63 -0.14, 1.41 0.11 

           AP 0.13 -0.02, 0.28 0.08 

           SI 1.21 0.96, 1.51 0.10 

Men               

Rs 0 to 1900 432 / 844 1.00    541 / 757 1.66 1.40, 1.97 <0.001      

Rs >1900  451 / 577 1.61 1.36, 1.91 <0.001  809 / 611 3.04 2.57, 3.59 <0.001      

           RERI 0.77 0.35, 1.19 <0.001 

           AP 0.25 0.13, 0.38 <0.001 

           SI 1.60 1.20, 2.15 0.002 
Abbreviations: AP, Attributable proportion; BMI, body mass index; CI, confidence interval; OR, odds ratio; RERI, Relative Excess Risk due to Interaction; Rs, Rupees; SI, Synergy Index 

Data are presented as odds ratios (95% confidence interval), and all analyses are adjusted for age.  

n = 9,845for women and men combined (1,812 missing observations for education, income or WHR) 

n = 4,803 for women (1,049 missing observations for education, income, or BMI) 

n = 5,022 for men (762 missing observations for education, income, or BMI) 



19 
 

Table S16. Association between SEP and Alcohol Consumption in the Preceding 30 days, Three 

Rural Regions in India, 2014–2015. 

Characteristic Univariable  Adjusted for Age and Sex 

OR 95% CI P  OR 95% CI P 

Region        

Rishi Valley 1.00    1.00   

Godavari 1.24 1.08, 1.42 0.003  1.27 1.09, 1.47 0.002 

Trivandrum 1.84 1.61, 2.11 <0.001  2.12 1.82, 2.46 <0.001 

Education *        

No Formal Education 1.00    1.00   

Class 1 to 6 1.40 1.20, 1.64 <0.001  0.76 0.64, 0.91 0.003 

Class 7 to 11 1.71 1.48, 1.98 <0.001  0.82 0.69, 0.98 0.03 

Class 12+ 1.02 0.85, 1.22 0.80  0.38 0.30, 0.47 <0.001 

Above poverty line or no ration card 

† 

0.97 0.86, 1.10 0.70  1.06 0.93, 1.21 0.40 

At least 5 people living in 

household† 

1.11 1.00, 1.24 0.05  1.11 0.98, 1.25 0.09 

Income per adult per month ‡        

Q1, Rs 0 to 1000 1.00    1.00   

Q2, Rs >1000 to 1900 1.23 1.05, 1.44 0.01  0.89 0.75, 1.06 0.20 

Q3, Rs >1900 to 3000 1.32 1.14, 1.53 <0.001  1.07 0.90, 1.26 0.40 

Q4, Rs >3000 1.13 0.97, 1.33 0.10  0.96 0.81, 1.14 0.70 

Abbreviations: CI, confidence interval; OR, odds ratio; Q1-4, quartiles 1-4; Rs, rupees; SEP, 

socioeconomic position 

n =11,568 for univariable and n=11,547 for adjusted analyses. P values were generated using 

univariable and multivariable logistic regression. Class 12+ includes individuals who graduated from 

secondary schooling, completed technical college or completed university. Income level above the 

poverty line was assessed using self-reported data for use of a government issued ration card.  

* 201 missing observations. † 1-5 missing observations. ‡ 1,526-1,527 missing observations. 
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Table S17. Men: Modification of the Effect of Education on Alcohol Use in the Past 30 Days by Income Level, Three Rural Regions in India, 2014–2015. 

 Education Level 

Income per adult per month No Education to Class 6 

N = 2,301 

 Class 7 and Above 

N = 2,718 

 N +/- Alcohol 

in past 30 days 

OR 95% CI P  N +/- Alcohol in 

past 30 days 

OR 95% CI P 

Rs 0 to 1900 349 / 927 1.00    349 / 951 0.84 0.70, 1.02 0.07 

Rs >1900  328 / 697 1.20 1.00, 1.44 0.05  367 / 1,051 0.81 0.68, 0.98 0.03 
Abbreviations: CI, confidence interval; OR, odds ratio; Rs, rupees 

n = 5,019 (765 missing observations for education, income, or alcohol consumption); Data are presented as odds ratios (95% confidence interval), and all analyses are adjusted for age.  

Measure of effect modification on additive scale:  

Relative Excess Risk due to Interaction (RERI) and (95% CI) = -0.23 (-0.49, 0.03), P = 0.09 

Attributable proportion (AP) and (95% CI) = -0.28 (-0.60, 0.03), P = 0.08 
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Figure S1. Proportion of people in each category of age and education.  

Class 12+ includes individuals who graduated from secondary schooling, completed technical 

college or completed university.  

Age confounds the association between education and hypertension, as it is associated with 

both the outcome (hypertension) and the variable of interest (education): 

• Association between age group and hypertension: OR 1.27 (95% CI 1.26 to 1.28); and 

• Association between age group and education: OR 0.93 (95% CI 0.92 to 0.94). 
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Figure S2. Association between Different Measures of SEP and Waist-Hip Ratio Above 

Normal, Body Mass Index ≥23kg/m2 and Alcohol Consumption at least once a month in 

Three Rural Regions in India, 2014–2015: A) Rishi Valley; B) Godavari; and C) 

Trivandrum.  

Abbreviations: Q1-4, quartiles 1-4; Rs, rupees  

Error bars indicate 95% confidence intervals. Class 12+ includes individuals who graduated 

from secondary schooling, completed technical college or completed university. P values are 

the outcomes of logistic regression with hypertension as the dependent variable and the 

categorized terms for education (and income) introduced as a continuous independent 

variable.  
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Figure S3. Proportion of people with hypertension reporting use of medications for 

hypertension in: A) women and men (n = 3,310); B) women (n = 1,687); and C) men (n = 

1,618).  

Abbreviations: Q1-4, quartiles 1-4; Rs, rupees  

Error bars indicate 95% confidence intervals. Class 12+ includes individuals who graduated 

from secondary schooling, completed technical college or completed university. P values are 

the outcomes of logistic regression with hypertension as the dependent variable and the 

categorized terms for education (and income) introduced as a continuous independent variable. 
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