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Abstract

Background

The influence of urbanicity on hypertension prevalence remains poorly understood. We con-

ducted a systematic review and meta-analysis to assess the difference in hypertension

prevalence between urban and rural areas in low-income and middle-income countries

(LMICs), where the most pronounced urbanisation is underway.

Methods and findings

We searched PubMed, Web of Science, Scopus, and Embase, from 01/01/1990 to 10/03/

2022. We included population-based studies with�400 participants 15 years and older,

selected by using a valid sampling technique, from LMICs that reported the urban-rural dif-

ference in hypertension prevalence using similar blood pressure measurements. We

excluded abstracts, reviews, non-English studies, and those with exclusively self-reported

hypertension prevalence. Study selection, quality assessment, and data extraction were

performed by 2 independent reviewers following a standardised protocol. Our primary out-

come was the urban minus rural prevalence of hypertension. Hypertension was defined as

systolic blood pressure�140 mm Hg and/or diastolic blood pressure as�90 mm Hg and

could include use of antihypertensive medication, self-reported diagnosis, or both. We

investigated heterogeneity using study-level and socioeconomic country-level indicators.

We conducted meta-analysis and meta-regression using random-effects models. This sys-

tematic review and meta-analysis has been registered with PROSPERO

(CRD42018091671).

We included 299 surveys from 66 LMICs, including 19,770,946 participants (mean age

45.4 ± SD = 9 years, 53.0% females and 63.1% from rural areas). The pooled prevalence of
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hypertension was 30.5% (95% CI, 28.9, 32.0) in urban areas and 27.9% (95% CI, 26.3,

29.6) in rural areas, resulting in a pooled urban-rural difference of 2.45% (95% CI, 1.57,

3.33, I-square: 99.71%, tau-square: 0.00524, Pheterogeneity < 0.001). Hypertension preva-

lence increased over time and the rate of change was greater in rural compared to urban

areas, resulting in a pooled urban-rural difference of 5.75% (95% CI, 4.02, 7.48) in the

period 1990 to 2004 and 1.38% (95% CI, 0.40, 2.37) in the period 2005 to 2020, p < 0.001

for time period. We observed substantial heterogeneity in the urban-rural difference of

hypertension, which was partially explained by urban-rural definition, probably high risk of

bias in sampling, country income status, region, and socioeconomic indicators. The urban-

rural difference was 5.67% (95% CI, 4.22, 7.13) in low, 2.74% (95% CI, 1.41, 4.07) in lower-

middle and −1.22% (95% CI, −2.73, 0.28) in upper-middle-income countries in the period

1990 to 2020, p < 0.001 for country income. The urban-rural difference was highest for

South Asia (7.50%, 95% CI, 5.73, 9.26), followed by sub-Saharan Africa (4.24%, 95% CI,

2.62, 5.86) and reversed for Europe and Central Asia (−6.04%, 95% CI, −9.06, −3.01), in

the period 1990 to 2020, p < 0.001 for region. Finally, the urban-rural difference in hyperten-

sion prevalence decreased nonlinearly with improvements in Human Development Index

and infant mortality rate. Limitations included lack of data available from all LMICs and vari-

ability in urban and rural definitions in the literature.

Conclusions

The prevalence of hypertension in LMICs increased between 1990 and 2020 in both urban

and rural areas, but with a stronger trend in rural areas. The urban minus rural hypertension

difference decreased with time, and with country-level socioeconomic development.

Focused action, particularly in rural areas, is needed to tackle the burden of hypertension in

LMICs.

Author summary

Why was this study done?

• Hypertension is one of the main risk factors for morbidity and mortality worldwide.

• Urbanisation is a dynamic process that is occurring mainly in low-income and middle-

income countries (LMICs) nowadays. Whether urban-rural differences in hypertension

prevalence vary by region, country-level income status, calendar time, or socioeconomic

indicators is largely unknown yet important for understanding the public health impli-

cations of urbanisation.

What did the researchers do and find?

• We performed a systematic database search, and after standardised study selection, data

extraction, and risk of bias assessment, we analysed 299 surveys including information

from over 19.7 million individuals in 66 LMICs.
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• We observed a slightly higher prevalence of hypertension in urban compared with rural

areas in a meta-analysis. The urban-rural difference varied with urbanisation stage and

socioeconomic development, and decreased over time as prevalence in rural areas con-

verged with, and eventually overtook, that of urban areas.

What do these findings mean?

• The prevalence of hypertension in LMICs has increased over the past 2 decades; the rate

of change appears greater in rural compared to urban areas. Overall patterns in the

urban-rural difference indicate that as country-level socioeconomic indicators

improved, hypertension in rural began to surpass that of urban areas.

• These results have important implications for public health planning: Tackling the

global burden of hypertension will require targeted action, particularly in rural areas of

LMICs, where there are important opportunities for prevention in the face of socioeco-

nomic development and urbanisation.

Introduction

Hypertension is a key risk factor for death and disability worldwide [1,2]. In 2019, high systolic

blood pressure was the leading risk factor for mortality globally, accounting for 19.2% of all

deaths in 2019 [1]. The increase in the burden of noncommunicable diseases (NCDs), includ-

ing hypertension [3,4], has been larger in low-income and middle-income countries (LMICs)

compared to high-income countries in the past 3 decades [3–8], and ischaemic heart disease

and stroke were ranked third and fourth causes of death in low-income countries (LICs) and

first and second in lower- and upper-middle-income countries in 2019 [9].

The majority of the global population now lives in urban areas (55.7% in 2019 according to

the World Bank); however, the transition from rural to urban areas—urbanisation—is occur-

ring mostly in LMICs, specifically in Africa and Asia [10]. Compared to rural areas, urban

areas generally provide better access to healthcare, improved water supply and sanitation, and

clean household energy, among other attributes that promote health [11]. However, urban

areas often concentrate health risks including increased ambient air pollution, low levels of

physical activity, and lack of access to high-quality, affordable food [11,12]. Urban areas have

therefore been a particular focus of research on prevention of NCDs. However, urbanisation-

driven changes associated with high blood pressure and hypertension [5,12] (e.g., shifts from

physically demanding to sedentary occupations and increased access to processed foods) [13–

15] often occur more rapidly in rural compared to urban areas [16]. A pooled analysis of

trends in urban-rural differences in body mass index between 1985 and 2017 showed that the

fastest increase in obesity nowadays comes from rural, rather than urban areas [13]. In high-

income countries, the higher prevalence of hypertension and other cardiovascular risk factors

in rural areas compared to urban areas has been shown, such as in the US [17–19] and in the

Prospective Urban and Rural Epidemiological (PURE) multicountry study [20].

Previous global systematic reviews on hypertension have not focused on urban-rural differ-

ences in prevalence [3,4,21]. Others included studies without clear urban-rural contrasts, com-

pared rural and urban populations from different studies using different sampling schemes, or
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were focused on specific countries and regions [3,21–25]. Consequently, urban-rural differ-

ences in hypertension prevalence according to time, country-level stage of urbanisation, and

socioeconomic development remain inadequately characterised [7,26,26]. Detailed characteri-

sation of these relationships is needed to support interventions to mitigate the harmful effects

of raised blood pressure, a modifiable risk factor for cardiovascular mortality. We hypothesised

that urban-rural differences in prevalence of hypertension in LMICs decreased with increasing

country-level socioeconomic development and stage of urbanisation [20–22]. We systemati-

cally reviewed studies from LMICs between 1990 and 2020 that simultaneously evaluated the

prevalence of hypertension in urban and rural areas.

Methods

This study is reported as per the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guideline (S1 PRISMA Checklist).

Search strategy and selection criteria

Detailed methods are available in the S1 Protocol. In brief, a systematic search was carried out

in PubMed, Web of Science, Scopus, and Embase in May 2018. We updated the search on

March 2022. We set the time limit from 01/01/1990 to 01/05/2018 in the first search round,

and from 01/05/2018 to 10/03/2022 in the second search round. We set language to English.

We used a range of search terms relating to hypertension, urbanisation, and LMICs. Hand

searching was done using citations and reference lists of the included studies and previously

published systematic reviews.

We included population-based observational studies. Eligibility criteria for inclusion were

as follows:

(a) participants 15 years and older; (b) general population representative of the target popu-

lation, selected by using a valid sampling technique (e.g., random sampling, multistage sam-

pling, self-weighted sampling, WHO Steps); (c) 400 or more participants [22]; (d) data from

LMICs as classified by the World Bank in 2018 fiscal year; (e) data collected from 1990

onwards (period of data collection); (f) prevalence in urban and rural areas evaluated using

similar sampling protocols and blood pressure measurements with no more than 4 years of dif-

ference between urban and rural measurements; and (g) hypertension definition included

measurement of systolic blood pressure (SBP) as�140 mm Hg and/or diastolic blood pressure

(DBP) as�90 mm Hg and could include use of antihypertensive medication, self-reported

diagnosis, or both. When the study did not report hypertension as�140/90 mm Hg (e.g., old

WHO criteria as 160/95 mm Hg or only SBP/DBP means) and we obtained enough informa-

tion for conversion, we applied validated equations to derive the prevalence based on�140/90

mm Hg [4].

OTR and AK conducted the literature search. OTR and AK screened all titles, abstracts,

and full manuscripts that met inclusion criteria; screening was blinded and implemented

using the web platform COVIDENCE. Disagreements were resolved by consensus between

OTR, AK and the senior author (CT). Our study protocol was registered in the PROSPERO

database (CRD42018091671).

Data extraction and risk of bias assessment

We developed a standardised electronic data collection form in REDcap (Research Electronic

Data Capture), which was piloted by OR, AK, and CT. Data extraction followed a prespecified

protocol and was conducted independently by each extractor blinded to extraction data of

other extractors. All data extractors (OTR, AK, CDG, FAO, JIH, AC, CT) were trained by the
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first author (OTR) and paired in 4 teams of 2 data extractors each (OTR/AK, CDG/JIH, OTR/

FAO, AC/CT). Countries were randomly assigned to each pair. The first 10 papers were

piloted by each data extractor for clarifications and refinement. If a study reported more than

1 survey (e.g., different years or different countries), we extracted data for all surveys. If there

was more than 1 paper from the same cohort/survey, we included the paper providing the

most comprehensive and clear information on hypertension prevalence for urban-rural con-

trast. When information was not available in the main paper, we used data from additional

papers from the same cohort and supplementary data cited in the main paper (e.g., raw data

publicly available, WHO STEPS Country Reports) for extracting relevant information. We

extracted crude and adjusted prevalence estimates when both estimates were available. We

extracted standard errors for the prevalence of hypertension following the hierarchy (1) stan-

dard error when provided; (2) lower and upper limit values from confidence intervals [27];

and (3) square root of ([hypertension prevalence × (1—hypertension prevalence)] / sample

size) [3]. We also extracted blood pressure and sex-specific data when available. Data were

then exported for standardisation and resolving conflicts. Disagreements between pairs were

checked by OTR and AK and conflicts discussed with CT.

We used the OHAT Bias Tool to evaluate the risk of bias [28]. We evaluated 3 domains:

“Selection Bias—Sampling”, “Detection bias/Measurement error—Exposure”, and “Detection

bias/Measurement error—Outcome”. We chose these domains because of their relevance to

our research objective: to assess prevalence (sampling) of hypertension (outcome) in 2 con-

trasting areas (exposure). The details of the OHAT Bias Tool are available in the S1 Protocol.

Country-level socioeconomic data

We predefined 5 country-level socioeconomic indicators, calendar year, and country region to

be evaluated in the meta-regression. We adjusted for these country-level socioeconomic indi-

cators in the meta-regression because our hypothesis was that socioeconomic development is

correlated with calendar time and the main drivers of hypertension prevalence in an area, such

as urbanisation, diet, and physical activity. We extracted the region, historical income classifi-

cation, infant mortality rate, GNI per capita, Atlas method (current US$), and proportion of

urban population from the World Bank, and the Human Development Index (HDI) from the

United Nations Development Programme (S1 Protocol). We selected indicators that were

available yearly for the entire period and with global coverage, capturing socioeconomic devel-

opment (i.e., HDI, income, GNI), extent of urbanisation (i.e., proportion of urban population),

and proxies of population healthcare (i.e., infant mortality rate) [29]. We extracted yearly

country-level indicators from 1990 to 2020 and matched them to the corresponding year of

the start of data collection for each survey.

Data analysis

We conducted the meta-analysis and meta-regression for the entire period (1990 to 2020) and

for 2 periods (1990 to 2004 and 2005 to 2020), using the time-period as a moderator. In all

instances, year was defined as the year when the data collection started. The cutpoint between

the 2 periods was based on the median year between 1990 and 2019. We prioritised age, sex,

and/or sampling weight adjusted prevalence estimates instead of crude estimates when both

were available. The unit of analysis was the survey. Our primary outcome was urban-rural

prevalence difference.

We conducted the meta-analysis for hypertension prevalence, urban-rural prevalence

difference, urban-rural average blood pressure, and meta-regression for the urban-rural preva-

lence difference using a random-effects model, with a restricted-maximum likelihood
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estimator and applying the Knapp and Hartung adjustment.[30] As a post hoc sensitivity anal-

ysis for the urban-rural prevalence difference, we fit a meta-analytic multivariate random-

effects model, accounting for each survey as a random intercept as in the main analysis, but

adding other random intercept accounting for the country.[31] As a sensitivity analysis for the

meta-analysis of hypertension prevalence, we fit a model with a generalised mixed model

[32,33]. We estimated pooled urban-rural differences in hypertension prevalence across the 2

time periods, country income classification (3 categories), and country region (6 categories)

using a meta-regression model [34]. We estimated I2 and tau2 to evaluate heterogeneity. In the

meta-regression, we used R2 to estimate the amount of heterogeneity accounted for by the

moderators [27,35–37]. Publication bias was evaluated with the Egger test. We evaluated non-

linearity for continuous moderators applying restricted cubic splines and choosing the most

parsimonious model based on AIC, BIC, and likelihood-ratio test.

We adjusted all meta-regression models with the 5 study-level moderators that explained

part of the heterogeneity when evaluating country-level moderators: use of groups to define

urban and rural areas, number of blood pressure readings, sampling bias, detection bias

(urban/rural), and whether the prevalence was adjusted by age-sex/sampling weights. In the

meta-regression models, we entered socioeconomic country-level moderators separately in

each model because of high collinearity (S1 Protocol). We derived the predicted urban-rural

difference from each meta-regression model, setting each moderator to vary within the

observed range (e.g., HDI from 0.30 to 0.85) and setting the 5 study-level characteristics to its

expected least-biased category (e.g., probably low risk of bias in sampling). In a post hoc deci-

sion to understand the main driver of variation in the urban-rural prevalence differences

according to country-level indicators (i.e., the change in difference was due to change in preva-

lence in urban, rural, or both areas), we derived the predicted hypertension prevalence from

each meta-regression model for urban and rural areas following the same steps for the urban-

rural difference.

All analyses were done in R, version 4.0.2, using the packages tidyverse, rms, and metafor
[36,38,39]. Any deviance from the prespecified analysis was labelled as post hoc. All statistical

tests were two-sided and a P� 0.05 was considered statistically significant.

Results

Study selection

From the 18,951 retrieved records, 1,309 full-text articles were assessed for eligibility after title/

abstract screening (Fig 1). We included 255 studies reporting 299 surveys, covering 66 LMICs

and 6 regions (S1 Data). The total sample size was 19,770,946 participants (mean age

45.4 ± SD = 9 years, 53.0% females and 63.1% from rural areas). Countries with the most sur-

veys were China (n = 66, 22%), India (n = 39, 13%), Iran (n = 17, 6%), Bangladesh (n = 13,

4%), Nigeria (n = 11, 4%), and Vietnam (n = 10, 3%) (S1 Data). The coverage of data collection

over time is shown on S1 Data. General characteristics of the 299 surveys are shown in Table 1.

Additional information on studies’ and surveys’ characteristics is in S2 Data.

Hypertension prevalence

The overall prevalence of hypertension in urban areas was 30.5% (95% CI, 28.9 to 32.0, I-

square: 99.95%, tau-square: 0.01815, Pheterogeneity < 0.001) and 27.9% (95% CI, 26.3 to 29.6, I-

square: 99.97%, tau-square: 0.01984, Pheterogeneity < 0.001) in rural areas, with similar pattern

by sex (S3 Data). The overall rural prevalence of hypertension across country income ranged

from 21.9% (95% CI, 19.3 to 24.6) in LICs to 36.3% (95% CI, 33.6 to 39.1) in upper-middle-

income countries (UMICs). The overall urban prevalence of hypertension ranged from 27.7%
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(95% CI, 25.0 to 30.4) in LIC to 35.1% (95% CI, 32.3 to 37.9) in UMIC (S3 Data). The overall

rural prevalence of hypertension across country region ranged from 23.8% (95% CI, 20.3 to

27.3) in South Asia to 43.8% (95% CI, 37.8% to 49.8%) in Europe and Central Asia. The overall

urban prevalence of hypertension across country region ranged from 27.6% (95% CI, 22.3 to

32.9) in Middle East and Central Asia to 37.7% (95% CI, 31.7% to 43.7%) in Europe and Cen-

tral Asia (S3 Data).

The prevalence of hypertension increased for rural areas, while it increased, decreased, or

remained stable for urban areas when stratified by sex, income, and region (S3 Data). When

Fig 1. PRISMA flowchart. Study flowchart after systematic search between 01/01/1990 and 10/03/2022 in the PubMed, Web of Science, Scopus, and

Embase databases.

https://doi.org/10.1371/journal.pmed.1004079.g001
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comparing the period from 1990 to 2004 (n = 70) to 2005 to 2020 (n = 221), the prevalence in

rural areas increased from 23.8% (95% CI, 20.5 to 27.1) to 29.3% (95% CI, 27.4 to 31.1)

(p = 0.005 for time-period, R-square: 2.47%), while in urban areas remained stable, from

29.8% (95% CI, 26.6 to 33.0) to 30.7% (95% CI, 28.9 to 32.5) (p = 0.612 for time-period, R-

square: 0.00%). The sensitivity analysis for the meta-analysis of hypertension prevalence

yielded similar results (S3 Data).

Urban-rural prevalence difference

The pooled difference between urban and rural areas was 2.45% (95% CI, 1.57 to 3.33, I-

square: 99.71%, tau-square: 0.00524, Pheterogeneity < 0.001) (Table 2). This difference was

Table 1. Overall characteristics of the 299 surveys included from 66 LMICs.

Characteristic Description

Region

East Asia and Pacific 96 (32%)

Sub-Saharan Africa 73 (24%)

South Asia 59 (20%)

Middle East and North Africa 26 (9%)

Europe and Central Asia 20 (7%)

Latin America and Caribbean 25 (8%)

Income classification at start of data collection

Low-income 96 (32%)

Lower-middle-income 114 (38%)

Upper-middle-income 89 (30%)

Coverage

National 104 (35%)

Subnational 42 (14%)

Other 153 (51%)

Rural and Urban definition�

National definition (e.g., census) 199 (67%)

Quantitative metric (e.g., distance, density) 76 (25%)

Specific score 4 (1%)

Specific population groups (e.g., farmers, indigenous) 24 (8%)

Hypertension and Blood pressure measurements�

Hypertension prevalence included self-reported 80 (27%)

Hypertension prevalence included taking antihypertensive drug 223 (75%)

Number of blood pressure readings per visit�2 (n = 24 not reported) 273/275 (99%)

Manual blood pressure device (n = 30 not reported) 96/269 (36%)

Risk of bias (probably high risk)�

Sampling 47 (16%)

Exposure 56 (19%)

Outcome 14 (5%)

Any domain 89 (30%)

Starting year of data collection, median [p25-p75]; (min-max) 2009 [2005–2013]; (1990–2019)

Ending year of data collection, median [p25-p75]; (min-max) 2010 [2006–2014]; (1990–2020)

Total sample size, median [p25-p75]; (min-max) 4,376 [2,018–10,280]; (416–9,745,640)

�Each study can have more than 1 category, i.e., the total sum could add more than 100%.

LIC, low-income country; LMIC, lower-middle-income country; UMIC, upper-middle-income country.

https://doi.org/10.1371/journal.pmed.1004079.t001
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greater for the period 1990 to 2004 (5.75%, 95% CI, 4.02 to 7.48), compared with the period

2005 to 2020 (1.38%, 95% CI, 0.40 to 2.37) (p< 0.001 for time period, R-square: 6.40%). The

pooled difference between urban and rural areas varied by country income status: 5.67% (95%

CI, 4.22 to 7.13) in LICs, 2.74% (95% CI, 1.41 to 4.07) in LMICs, and −1.22% (95% CI, −2.73 to

0.28) in UMICs (p< 0.001 for overall income effect, R-square: 13.67%). For the period 2005 to

2020 compared to 1990 to 2004, the urban-rural difference decreased for LICs (8.16% versus

3.87%), remained stable for LMICs (2.27% versus 2.90%), and decreased for UMICs (9.26%

versus −1.72%) (S4 Data). The pooled difference between urban and rural areas varied across

regions (p< 0.001 for overall region effect, R-square: 21.97%) (Table 2). The urban-rural dif-

ference was highest for South Asia (7.50%, 95% CI, 5.73 to 9.26), followed by sub-Saharan

Africa (4.24%, 95% CI, 2.62 to 5.86). Studies from Europe and Central Asia region showed

higher prevalence in rural than urban areas (−6.04%, 95% CI, −9.06 to −3.01).

We obtained average blood pressure from 105 surveys (35%, 105/299). The distributions of

SBP and DBP stratified by urban and rural areas are in S5 Data. Mean blood pressure followed

the same patterns as urban-rural prevalence difference overall and by income and region.

Pooled SBP was 126.2 mm Hg (95% CI, 124.7 to 127.7) in urban areas compared with 125.2

mm Hg (95% CI, 123.6 to 126.8) in rural areas (n = 105, mean difference 0.99 mm Hg, 95% CI,

−0.03 to 2.02). Pooled DBP was 79.1 mm Hg (95% CI, 78.2 to 80.0) in urban areas compared

with 77.9 mm Hg (95% CI, 77.0 to 78.8) in rural areas (n = 105, mean difference 1.11 mm Hg,

95% CI, 0.51 to 1.70). The urban-rural difference was greater for the first period (1990 to 2004)

for SBP: 2.34 mm Hg (95% CI, 0.60 to 4.09) compared to 0.30 mm Hg (95% CI, −0.95 to 1.55)

in the second period (2005 to 2020) (S5 Data).

Table 2. Difference in hypertension prevalence between urban and rural areas from the 299 surveys included from 66 LMICs.

Period Category n Urban-rural prevalence

difference

(95% CI)

I2 tau2 P value for

heterogeneity

R2 P value for

moderator

Overall

Period 1990–2020� All 291 2.45% (1.57, 3.33) 99.71% 0.00524 <0.001

Overall by period

Period 1990–2004� All 70 5.75% (4.02, 7.48) 99.63% 0.00490 <0.001 6.40% <0.001

Period 2005–2020� All 221 1.38% (0.40, 2.37)

Income status at data

collection

Period 1990–2020 LIC 96 5.67% (4.22, 7.13) 99.46% 0.00465 <0.001 13.67% <0.001

Period 1990–2020 LMIC 114 2.74% (1.41, 4.07)

Period 1990–2020 UMIC 89 −1.22% (−2.73, 0.28)

Region

Period 1990–2020 East Asia and Pacific 96 0.50% (−0.87, 1.86) 99.53% 0.00420 <0.001 21.97% <0.001

Period 1990–2020 sub-Saharan Africa 73 4.24% (2.62, 5.86)

Period 1990–2020 South Asia 59 7.50% (5.73, 9.26)

Period 1990–2020 Middle East and North

Africa

26 0.72% (−1.93, 3.36)

Period 1990–2020 Europe and Central Asia 20 −6.04% (−9.06, −3.01)

Period 1990–2020 Latin America and

Caribbean

25 2.20% (−0.57, 4.97)

�For the overall estimates, we used the original PURE study containing data from 14 LMICs countries (n = 126,624 participants, 14 surveys). For stratified analysis by

income and region, we used data from 7 studies that reported data at country level for 9 countries from the original PURE study (n = 104,196 participants, 9 surveys).

LIC, low-income country; LMIC, lower-middle-income country; UMIC, upper-middle-income country.

https://doi.org/10.1371/journal.pmed.1004079.t002
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When considering the 299 surveys, the pooled difference between urban and rural areas

was 2.49% (95% CI, 1.61 to 3.37, I-square: 99.71%, tau-square: 0.00540, Pheterogeneity < 0.001).

There was no evidence for publication bias (Egger test, p = 0.06). In the sensitivity analysis

using a multivariate random-effects model accounting for study and country, we observed

broadly comparable estimates with the main analysis (Overall: 1.82%, 95% CI, 0.47 to 3.16)

and when accounting for the time period, income status, and region (S6 Data).

In univariate analyses evaluating study characteristics as moderators, use of population sub-

groups to define urban and rural areas (R-square: 1.33%), number of blood pressure readings

(R-square: 1.24%), prevalence adjusted by age/sex/sampling weights (R-squared: 0.90%), prob-

ably high risk of bias in sampling (R-square: 0.95%), and probably high risk of bias in urban-

rural definition (R-square: 0.91%) explained part of the heterogeneity (S6 Data). For instance,

47 surveys were classified as probably high risk of bias in sampling, yielding an urban-rural dif-

ference in the prevalence of 4.48% (95% CI, 2.22 to 6.73) compared with 2.14% (95% CI, 1.19

to 3.09) from 252 studies with low risk of bias in sampling (p = 0.061 for bias in sampling as

moderator). Fifty-six surveys were classified as probably high risk of bias in the domain of

urban-rural definition, yielding to an urban-rural difference in the prevalence of 0.70% (95%

CI, −1.35 to 2.75) compared with 2.89% (95% CI, 1.92 to 3.86) from 243 surveys with low risk

of bias in sampling (p = 0.058 for bias in urban-rural definition as moderator). There was no

evidence for moderation (p = 0.715) between surveys that used self-reported hypertension

diagnosis (n = 80, 2.22%, 95% CI, 0.53 to 3.92) and surveys did not account for self-reported

hypertension diagnosis (n = 219, 2.59%, 95% CI, 1.56 to 3.62) (S6 Data).

The urban-rural difference in prevalence of hypertension adjusted for use of population

subgroups to define urban and rural areas, number of blood pressure readings, prevalence

adjusted by age/sex/sampling weights, probably high risk of sampling bias, and probably high

risk of bias in urban-rural definition was 2.50% (95% CI, 1.65 to 3.34).

From the meta-regression, the model with the 5 study-level moderators (model-2, S6 Data)

accounted for 7.2% of the heterogeneity. After including separately each country-level charac-

teristic to the model-2, country region (model-3, R-square: 26.1%, S6 Data), infant mortality

rate (model-12, R-square: 26.1%, S6 Data), HDI (model-10, R-square: 23.2%, S6 Data), propor-

tion of urban population (model 11, R-square: 21.2%, S6 Data), GNI per capita (model-9, R-

square: 20.8%, S6 Data), and country income classification (model-4, R-square: 19.1%, S6

Data) explained further proportion of the heterogeneity. The model with the year upon start-

ing data collection explained 9.8% of the heterogeneity (model-5, S6 Data).

Overall, the urban-rural difference in prevalence of hypertension decreased with increasing

calendar time (model-2), HDI (model-10), proportion of urban population (model-11), and

GNI per capita (model-9) while it increased with increasing infant mortality rate (model-12)

(Figs 2 and 3 and 4). Downward trends over time in the urban-rural prevalence difference var-

ied between regions (S6 Data); downward trends were steepest in Latin America and Carib-

bean, East Asia and Pacific, and Middle East and North Africa compared with South Asia, sub-

Saharan Africa, and Europe and Central Asia. The difference in urban-rural hypertension

prevalence varied nonlinearly with HDI, infant mortality rate, and proportion of urban popu-

lation (Figs 3 and 4). Hypertension prevalence in rural areas varied according to these indica-

tors more than in urban areas. For instance, there was a steeper increase by year (Fig 2), HDI

(Fig 3), and GNI per capita (Fig 4) in rural areas compared with urban areas.

Discussion

Our systematic review and meta-analysis including data from 299 surveys across 66 LMICs for

the 1990 to 2020 period resulted in several key findings. We observed an overall prevalence of
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Fig 2. Urban-rural difference in hypertension prevalence from 1990 to 2020. Predicted urban-rural differences

from a meta-regression model with year of start of data collection and 5 study-level features: use of population groups

to define urban and rural areas, number of blood pressure readings, sampling bias, detection bias (urban/rural), and

prevalence adjusted by age/sex/sampling weights. The plot shows the prediction (marginal mean from model-5) of this

model varying year from 1990 to 2019 (year starting data collection) and setting the 5 study-level features to the least

biased category (no use of groups,�2 readings, probably low risk of sampling bias, probably low risk of detection bias

(urban/rural), and adjusted prevalence). Income country status is only to illustrate each survey, and it is not adjusted in

the model. Shaded areas represent 95% confidence interval and circle sizes proportional to inverse of variance. In the

bottom panel, the solid lines represent urban areas and dashed lines represent rural areas. LIC, low-income country;

LMIC, lower-middle-income country; UMIC, upper-middle-income country.

https://doi.org/10.1371/journal.pmed.1004079.g002
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Fig 3. Urban-rural difference in hypertension prevalence and prevalence of hypertension in urban and rural areas according to HDI and infant

mortality rate. Predicted urban-rural differences and prevalence from meta-regression models with HDI or infant mortality rate, and 5 study-level

features: use of population groups to define urban and rural areas, number of blood pressure readings, sampling bias, detection bias (urban/rural), and

prevalence adjusted by age/sex/sampling weights. The plot shows the prediction (marginal mean from models 10 and 12) of this model varying HDI

from 0.3 to 0.85 and infant mortality rate from 5 to 125 (range from observed data) and setting the 5 study-level features to the least biased category (no

use of groups,�2 readings, probably low risk of sampling bias, probably low risk of detection bias (urban/rural), and adjusted prevalence). Income

country status is only to illustrate each survey, and it is not adjusted in the model. Shaded areas represent 95% confidence interval and circle sizes

proportional to inverse of variance. In the bottom panel, the solid lines represent urban areas and dashed lines represent rural areas. HDI, Human

Development Index (higher values denote more development); LIC, low-income country; LMIC, lower-middle-income country; UMIC, upper-middle-

income country.

https://doi.org/10.1371/journal.pmed.1004079.g003
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Fig 4. Urban-rural difference in hypertension prevalence and prevalence of hypertension in urban and rural areas according to proportion of

urban population and GNI per capita. Predicted urban-rural differences and prevalence from meta-regression models with proportion of urban

population or GNI per capita, and 5 study-level features: use of population groups to define urban and rural areas, number of blood pressure readings,

sampling bias, detection bias (urban/rural), and prevalence adjusted by age/sex/sampling weights. The plot shows the prediction (marginal mean from

models 9 and 11) of this model varying proportion of urban population from 15% to 90% and GNI per capita from $100 to $15,000 (range from

observed data) and setting the 5 study-level features to the least biased category (no use of groups,�2 readings, probably low risk of sampling bias,

probably low risk of detection bias (urban/rural), and adjusted prevalence). Income country status is only to illustrate each survey, and it is not adjusted

in the model. Shaded areas represent 95% confidence interval and circle sizes proportional to inverse of variance. In the bottom panel, the solid lines

represent urban areas and dashed lines represent rural areas. GNI, gross national income; LIC, low-income country; LMIC, lower-middle-income

country; UMIC, upper-middle-income country.

https://doi.org/10.1371/journal.pmed.1004079.g004
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hypertension of 30.5% (95% CI, 28.9 to 32.0) in urban areas and 27.9% (95% CI, 26.3 to 29.6)

in rural areas, resulting in a pooled urban-rural difference of 2.45% (95% CI, 1.57 to 3.33).

This difference varied according to country-level socioeconomic development supporting our

hypothesis. The urban-rural difference in prevalence decreased with increasing development

until a point of convergence, after which rural areas had higher hypertension prevalence in the

most developed LMICs. This pattern was primarily driven by a more rapid increase in hyper-

tension prevalence in rural compared to urban areas, such that rural areas caught up with and

eventually overtook urban areas with increasing level of development.

To the best of our knowledge, this is the first systematic review focused on urban-rural

differences in the prevalence of hypertension in LMICs worldwide, estimating the role of

country-level indicators in this difference. Previous systematic reviews focused on overall

hypertension prevalence, deriving urban and rural prevalence estimates as subgroups, or

restricted to specific countries and regions, or lacked clear urban-rural comparisons [3,21–

24,40,41]. A previous systematic review evaluating the prevalence of hypertension in LMICs

until 2015 including 242 studies and 1,494,609 adults from 45 countries observed a pooled

hypertension prevalence of 32.7% (95% CI, 30.4 to 35.0, n = 80 studies) in urban areas com-

pared with 25.2% (95% CI, 20.9 to 29.8, n = 50 studies) in rural areas, yielding a global differ-

ence of 7.5% [21]. However, Sarki and colleagues included studies that reported only urban,

only rural, or mixed populations without clear urban and rural contrast, which likely explains

their larger pooled estimate compared to ours [21]. Studies including populations from urban

areas alone are frequent in the literature (we excluded 88 studies reporting only urban popula-

tions compared with 36 reporting only rural). Another limitation of previous literature is that

awareness of hypertension diagnosis is higher in urban areas [16,20], which can overestimate

hypertension prevalence in urban areas if self-reported diagnosis alone is used to define the

outcome. In contrast, we included only studies that simultaneously reported both urban and

rural hypertension prevalence using comparable sampling protocols and outcome measure-

ments and excluded studies with self-reported diagnosis without blood pressure measure-

ments. Our review therefore provides more accurate estimates of urban-rural differences in

hypertension prevalence by avoiding several potential biases that would overestimate the prev-

alence in urban areas.

We observed variation in urban-rural differences in hypertension prevalence across the 6

regions. The largest urban-rural difference was observed in South Asia, followed by sub-Saha-

ran Africa, regions that also had the smallest downward trend in the urban-rural difference (S6

Data). These regions also showed an overall increase in mean blood pressure over time, in con-

trast with regions with decreasing (e.g., Latin America and Caribbean and high-income coun-

tries), or stable trends (e.g., Middle East and North Africa), as reported by global estimates of

hypertension prevalence [4].

Overall, it seems there has been occurring a convergence of hypertension prevalence

between urban and rural areas in the last decade, largely driven by steeper increase in rural

compared to urban areas. This phenomenon has been reported in systematic reviews from

India and China [25,40,42]. Several factors may explain the steeper trends in hypertension

prevalence in rural areas with time, country level of urbanisation, and socioeconomic develop-

ment [8]. Out-migration by young people could lead to an increasingly older age structure

in rural areas. We explored this using data available from 135 surveys from which we could

extract mean age from urban and rural areas. Mean age was 47.6 ± 10 years in rural and

46.6 ± 11 years in urban areas. In these 135 surveys, the unadjusted urban-rural difference was

3.91% (95% CI, 2.40 to 5.42) compared to an age-adjusted difference of 4.84% (95% CI, 3.31 to

6.37), suggesting that the older age structure in rural areas partially explains the convergence

of hypertension prevalence in urban and rural areas. Additionally, rural areas in LMICs may
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suffer from a double burden of increasing levels of ambient air pollution [1] with increasing

socioeconomic development on top of high levels of household air pollution due to inefficient

fuels and technologies for meeting heating and cooking needs [12]. Urbanisation has been

linked to shifts toward more sedentary occupations and unhealthy diets, increasing the risk of

hypertension and other NCDs [13–15] This relationship is likely to be nonlinear, reaching a

saturation or inflection point at a certain level of urbanicity or development [42,43]. Evidence

indicates that physical activity levels in urban areas of high-income countries can be higher

than in rural areas [44]. Similarly, the increasing rural burden of NCDs has been recently

shown for obesity using individual-level longitudinal data [13,15].

There was substantial heterogeneity in the urban-rural differences of hypertension, which

was partially explained by study-level and country-level moderators. A challenge to evaluating

statistical heterogeneity is that I2 is not an absolute measure of heterogeneity [37,45,46] and

can be influenced by the study size, i.e., the precision on the estimates [46]. Therefore, I2 is

expected to be high in our systematic review from population-based studies. Nevertheless,

using study- and country-level indicators, we could explain about 20% to 25% of the statistical

heterogeneity. Although limited by aggregated data in the meta-analysis and meta-regression,

other country or regional indicators could help to further understand the observed heteroge-

neity, as pooled analysis using individual-level population data [4].

Strengths of this systematic review include protocol registration, inclusion of population-

based studies covering a wide time period, and standardised and blinded data extraction.

However, our review also has limitations. First, although we used a wide literature search strat-

egy, we did not find data from all LMICs. Additionally, we restricted our search to manuscripts

in English and excluded 43 (43/1,309, 3.3%) potential full-texts because of language. Although

this could have contributed to underrepresentation of some countries, we do not expect that

inclusion of non-English papers would have changed our results. Second, all studies were pop-

ulation-based representing the target population of the sampled areas and half of studies were

national or subnational. However, we cannot guarantee that the urban and rural differences

we extracted are representative of all urban and rural areas across each country. Third, we eval-

uated time trends in the meta-regression using repeated cross-sectional surveys. Because dif-

ferent populations could have been included in different years, the temporal analysis relies on

the assumption that population-based surveys, using clear urban-rural contrasts and the same

criteria for hypertension, yielded comparable prevalence estimations over time. Fourth, there

is no standard definition for urban and rural areas, and included studies used different criteria

and metrics for defining these areas. However, 67% of studies based their definition on

national administrative urban/rural definitions, which makes our results more generalisable at

the country level and informative for public health planning. Our review highlights the paucity

of multicomponent measures of urbanicity, which may outperform dichotomous measures

[47], as a risk factor for hypertension. Fifth, although 99% of the included studies had at least 2

blood pressure measurements, most of them measured blood pressure at only 1 visit, which

could overestimate the prevalence of hypertension. We addressed this limitation by including

the number of blood pressure measurements as a moderator of our primary outcome and

adjusting for it in the meta-regression models. Finally, our review protocol did not include

high-income countries, which could have provided additional insight into urban-rural differ-

ence in hypertension prevalence across the full range of development. We speculate, based on

findings from the PURE studies showing higher prevalence of hypertension in rural compared

with urban areas in high-income countries (36.4% for urban, 40.2% for rural, difference

−3.8%), that we would have seen an even larger negative urban-rural difference for high-

income countries than what we observed for upper-middle-income countries (35.1% for

urban, 36.3% for rural, difference −1.22%) [20].
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Our results have important public health implications. Our results reinforce the need of

preventive and control measures for hypertension in LMICs, with a special focus on rural

areas [48], where the levels of awareness, treatment, and control of hypertension remain con-

siderably lower compared to urban areas [20,42].

In conclusion, our results challenge the accepted wisdom that urban areas in particular

should be a focal point for prevention of hypertension. Using an analysis designed to rigor-

ously compare differences in hypertension prevalence in urban compared to rural areas in

LMICs from 1990 to 2020, we observed that overall, this difference is fairly modest and depen-

dent on several factors including, time, global region, and country-level socioeconomic devel-

opment. Our results indicate stronger trends in hypertension prevalence in rural compared to

urban areas with time and socioeconomic development, resulting in convergence of hyperten-

sion prevalence after which prevalence in rural areas is higher. More attention is warranted on

rural areas as important targets for efforts to decrease the global burden of hypertension

through reduction of risk factors, increasing awareness, and hypertension control.
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32. Schwarzer G, Chemaitelly H, Abu-Raddad LJ, Rücker G. Seriously misleading results using inverse of

Freeman-Tukey double arcsine transformation in meta-analysis of single proportions. Res Synth Meth-

ods. 2019; 10:476–483. https://doi.org/10.1002/jrsm.1348 PMID: 30945438

33. Lin L, Xu C. Arcsine-based transformations for meta-analysis of proportions: Pros, cons, and alterna-

tives. Health Sci Rep. 2020; 3:e178. https://doi.org/10.1002/hsr2.178 PMID: 32728636
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35. López-López JA, Marı́n-Martı́nez F, Sánchez-Meca J, Van den Noortgate W, Viechtbauer W. Estima-

tion of the predictive power of the model in mixed-effects meta-regression: A simulation study. Br J

Math Stat Psychol. 2014; 67:30–48. https://doi.org/10.1111/bmsp.12002 PMID: 23297709

36. Viechtbauer W. Conducting meta-analyses in R with the metafor package. J Stat Softw. 2010; 36:1–48.

37. Cooper H, Hedges LV, Valentine JC. The handbook of research synthesis and meta-analysis 2nd edi-

tion. The Hand of Res Synthesis and Meta-Analysis, 2nd Ed. Russell Sage Foundation; 2009. pp. 1–

615. http://www.scopus.com/inward/record.url?scp=84902749199&partnerID=8YFLogxK

38. Wickham H, Averick M, Bryan J, Chang W, McGowan LD, François R, et al. Welcome to the tidyverse.

J Open Source Softw. 2019; 4:1686. https://doi.org/10.21105/joss.01686

PLOS MEDICINE Urban-rural differences in hypertension prevalence of LMICs

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004079 August 25, 2022 18 / 19

https://doi.org/10.1016/j.jacc.2020.03.009
https://doi.org/10.1016/j.jacc.2020.03.009
http://www.ncbi.nlm.nih.gov/pubmed/32201336
https://doi.org/10.2105/ajph.94.10.1682
http://www.ncbi.nlm.nih.gov/pubmed/15451731
https://doi.org/10.1161/CIR.0000000000000753
http://www.ncbi.nlm.nih.gov/pubmed/32078375
https://doi.org/10.1001/jama.2013.184182
http://www.ncbi.nlm.nih.gov/pubmed/24002282
https://doi.org/10.1097/MD.0000000000001959
https://doi.org/10.1097/MD.0000000000001959
http://www.ncbi.nlm.nih.gov/pubmed/26683910
https://doi.org/10.1161/HYPERTENSIONAHA.107.093336
http://www.ncbi.nlm.nih.gov/pubmed/17954720
https://doi.org/10.1097/HJH.0000000000002165
https://doi.org/10.1097/HJH.0000000000002165
http://www.ncbi.nlm.nih.gov/pubmed/31166251
https://doi.org/10.1097/HJH.0000000000000146
http://www.ncbi.nlm.nih.gov/pubmed/24621804
https://doi.org/10.1038/jhh.2015.48
http://www.ncbi.nlm.nih.gov/pubmed/26108364
https://doi.org/10.1038/s41569-021-00559-8
https://doi.org/10.1038/s41569-021-00559-8
http://www.ncbi.nlm.nih.gov/pubmed/34050340
https://handbook-5-1.cochrane.org/
https://ntp.niehs.nih.gov/ntp/ohat/pubs/handbookmarch2019_508.pdf
https://ntp.niehs.nih.gov/ntp/ohat/pubs/handbookmarch2019_508.pdf
https://doi.org/10.1136/jech.57.5.344
http://www.ncbi.nlm.nih.gov/pubmed/12700217
https://doi.org/10.1037/met0000023
http://www.ncbi.nlm.nih.gov/pubmed/25110905
https://doi.org/10.1002/sim.1040
http://www.ncbi.nlm.nih.gov/pubmed/11836738
https://doi.org/10.1002/jrsm.1348
http://www.ncbi.nlm.nih.gov/pubmed/30945438
https://doi.org/10.1002/hsr2.178
http://www.ncbi.nlm.nih.gov/pubmed/32728636
https://doi.org/10.1080/00220973.2018.1561404
https://doi.org/10.1111/bmsp.12002
http://www.ncbi.nlm.nih.gov/pubmed/23297709
http://www.scopus.com/inward/record.url?scp=84902749199&partnerID=8YFLogxK
https://doi.org/10.21105/joss.01686
https://doi.org/10.1371/journal.pmed.1004079


39. Harrell Jr FE. rms: Regression Modeling Strategies. R package version 6.0–1. 2020. https://CRAN.R-

project.org/package-rms

40. Bao M, Wang L. The longitudinal trend of hypertension prevalence in Chinese adults from 1959 to 2018:

a systematic review and meta-analysis. Ann Palliat Med. 2020; 9:2485–2497. https://doi.org/10.21037/

apm-19-377 PMID: 32819115

41. Neupane D, McLachlan CS, Sharma R, Gyawali B, Khanal V, Mishra SR, et al. Prevalence of Hyperten-

sion in Member Countries of South Asian Association for Regional Cooperation (SAARC): Systematic

Review and Meta-Analysis. Medicine. 2014; 93:e74. https://doi.org/10.1097/MD.0000000000000074

PMID: 25233326

42. Li J, Shi L, Li S, Xu L, Qin W, Wang H. Urban-rural disparities in hypertension prevalence, detection,

and medication use among Chinese Adults from 1993 to 2011. Int J Equity Health. 2017; 16:50. https://

doi.org/10.1186/s12939-017-0545-7 PMID: 28288635

43. Goryakin Y, Rocco L, Suhrcke M. The contribution of urbanization to non-communicable diseases: Evi-

dence from 173 countries from 1980 to 2008. Econ Hum Biol. 2017; 26:151–163. https://doi.org/10.

1016/j.ehb.2017.03.004 PMID: 28410489

44. Martin SL, Kirkner GJ, Mayo K, Matthews CE, Durstine JL, Herbert JR. Urban, Rural, and Regional Var-

iations in Physical Activity. J Rural Health. 2005; 21:239–244. https://doi.org/10.1111/j.1748-0361.

2005.tb00089.x PMID: 16092298

45. Borenstein M, Higgins JPT, Hedges LV, Rothstein HR. Basics of meta-analysis: I2 is not an absolute

measure of heterogeneity. Res Synth Methods. 2017; 8:5–18. https://doi.org/10.1002/jrsm.1230 PMID:

28058794

46. Rücker G, Schwarzer G, Carpenter JR, Schumacher M. Undue reliance on I2 in assessing heterogene-

ity may mislead. BMC Med Res Methodol. 2008; 8:79. https://doi.org/10.1186/1471-2288-8-79 PMID:

19036172

47. Dahly DL, Adair LS. Quantifying the urban environment: A scale measure of urbanicity outperforms the

urban–rural dichotomy. Soc Sci Med. 2007; 64:1407–1419. https://doi.org/10.1016/j.socscimed.2006.

11.019 PMID: 17196724

48. Bernabe-Ortiz A, Sal y Rosas VG, Ponce-Lucero V, Cárdenas MK, Carrillo-Larco RM, et al. Effect of

salt substitution on community-wide blood pressure and hypertension incidence. Nat Med. 2020;

26:374–378. https://doi.org/10.1038/s41591-020-0754-2 PMID: 32066973

PLOS MEDICINE Urban-rural differences in hypertension prevalence of LMICs

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004079 August 25, 2022 19 / 19

https://CRAN.R-project.org/package-rms
https://CRAN.R-project.org/package-rms
https://doi.org/10.21037/apm-19-377
https://doi.org/10.21037/apm-19-377
http://www.ncbi.nlm.nih.gov/pubmed/32819115
https://doi.org/10.1097/MD.0000000000000074
http://www.ncbi.nlm.nih.gov/pubmed/25233326
https://doi.org/10.1186/s12939-017-0545-7
https://doi.org/10.1186/s12939-017-0545-7
http://www.ncbi.nlm.nih.gov/pubmed/28288635
https://doi.org/10.1016/j.ehb.2017.03.004
https://doi.org/10.1016/j.ehb.2017.03.004
http://www.ncbi.nlm.nih.gov/pubmed/28410489
https://doi.org/10.1111/j.1748-0361.2005.tb00089.x
https://doi.org/10.1111/j.1748-0361.2005.tb00089.x
http://www.ncbi.nlm.nih.gov/pubmed/16092298
https://doi.org/10.1002/jrsm.1230
http://www.ncbi.nlm.nih.gov/pubmed/28058794
https://doi.org/10.1186/1471-2288-8-79
http://www.ncbi.nlm.nih.gov/pubmed/19036172
https://doi.org/10.1016/j.socscimed.2006.11.019
https://doi.org/10.1016/j.socscimed.2006.11.019
http://www.ncbi.nlm.nih.gov/pubmed/17196724
https://doi.org/10.1038/s41591-020-0754-2
http://www.ncbi.nlm.nih.gov/pubmed/32066973
https://doi.org/10.1371/journal.pmed.1004079

