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AbstrACt
Objective A review of the implementation outcomes of 
clean cookstove use, and its effects on blood pressure (BP) 
in low-income and middle-income countries (LMICs).
Design Systematic review of studies that reported the 
effect of clean cookstove use on BP among women, and 
implementation science outcomes in LMICs.
Data sources We searched PubMed, Embase, INSPEC, 
Scielo, Cochrane Library, Global Health and Web of Science 
PLUS. We conducted searches in November 2017 with a 
repeat in May 2018. We did not restrict article publication 
date.
Eligibility criteria for selecting studies We included 
only studies conducted in LMICs, published in English, 
regardless of publication year and studies that examined 
the use of improved or clean cookstove intervention on 
BP. Two authors independently screened journal article 
titles, abstracts and full-text articles to identify those that 
included the following search terms: high BP, hypertension 
and or household air pollution, LMICs, cookstove and 
implementation outcomes.
results Of the 461 non-duplicate articles identified, 
three randomised controlled trials (RCTs) (in Nigeria, 
Guatemala and Ghana) and two studies of pre–post design 
(in Bolivia and Nicaragua) met eligibility criteria. These 
articles evaluated the effect of cookstove use on BP in 
women. Two of the three RCTs reported a mean reduction 
in diastolic BP of −2.8 mm Hg (−5.0, –0.6; p=0.01) for the 
Nigerian study; −3.0 mm Hg; (−5.7, –0.4; p=0.02) for the 
Guatemalan study; while the study conducted in Ghana 
reported a non-significant change in BP. The pre–post 
studies reported a significant reduction in mean systolic 
BP of −5.5 mm Hg; (p=0.01) for the Bolivian study, and 
−5.9 mm Hg (−11.3, –0.4; p=0.05) for the Nicaraguan 
study. Implementation science outcomes were reported 
in all five studies (three reported feasibility, one reported 
adoption and one reported feasibility and adoption of 
cookstove interventions).
Conclusion Although this review demonstrated that 
there is limited evidence on the implementation of clean 
cookstove use in LMICs, the effects of clean cookstove 
on BP were significant for both systolic and diastolic 
BP among women. Future studies should consider 
standardised reporting of implementation outcomes.

bACkgrOunD
Globally, three billion people rely on solid 
fuels (coal and biomass) for cooking and for 
heating their homes, resulting in household 
air pollution (HAP),1 a major public health 
problem, and a leading cause of death world-
wide with 3.5–4 million deaths yearly.1 2

In sub-Saharan Africa, between 1980 
and 2010, the population exposed to HAP 
increased from 333 million to 646 million 
people.1 HAP is a risk factor for hypertension 
(HTN) in low-income and middle-income 
countries (LMICs), where 41% of households 
are exposed to HAP from cooking with solid 
fuels.3 Clinical and epidemiological studies 
show that short-term and long-term exposure 
to HAP adversely affects the cardiovascular 
system.4 Inhaled particulate matter (PM) 
from the combustion of solid fuels in cook-
stoves, hours or days after exposure is often 
associated with the occurrence of cardio-
vascular events which includes but is not 
limited to elevated blood pressure (BP) and 
increased heart rate.4 5

strengths and limitations of this study

 ► This is the first systematic review to report the im-
plementation of clean or improved cookstove use in 
low-income and middle-income countries and their 
effect on blood pressure among women.

 ► Rigorous systematic review methodology.
 ► The review was limited to studies only published in 
the English language.

 ► Findings reported were limited to women, thus lim-
iting the generalisability of our findings to other de-
mographic groups.

 ► Selected studies included non-randomised con-
trolled trials and large variation in sample sizes.
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According to WHO, approximately 640 million people 
with HTN live in LMICs, and this number is predicted to 
grow by over 500 million by 2025.6 Similarly, a 2018 report 
from the clean cooking alliance indicated that HAP from 
biomass fuel is a leading cause of disease burden, and 
replacing these fuels with clean cookstoves reduces expo-
sure and lowers the overall burden of disease associated 
with HAP.7 The use of high efficiency and low emission 
cookstove could be a potential strategy to reduce HAP 
exposure.8 A range of improved cookstoves, evaluated 
in controlled laboratory settings, has proven efficacy in 
terms of fuel efficiency and with respect to reductions in 
emissions of PM and carbon monoxide (CO).9 According 
to the clean cooking alliance, there are three variations 
of ‘clean cookstove’ to be considered. (1) Clean fuel—
this cookstove uses clean-burning fuels like ethanol, 
biogas, methane etc. (2) Clean stove— this cookstove is 
designed to burn biomass fuel more effectively through 
cleaner combustion (eg, chimney-equipped stoves). (3) 
Clean fuel–clean stoves—a combination of the first two 
variations.10

Given the beneficial effect of clean cookstoves on HAP 
and cardiovascular disease (CVD)  risk reduction, strat-
egies that facilitate their adoption and sustained use in 
LMICs are needed. However, studies evaluating the imple-
mentation of clean cookstove intervention in LMICs are 
lacking, specifically, those evaluating their effects on BP. 
Thus, critical gaps remain in our knowledge regarding 
the implementation of clean cookstove intervention in 
LMICs.

Moreover, for evidence-based interventions such as the 
use of clean cookstoves to be replicated, it is essential that 
the implementation process is thoroughly assessed for 
strategies targeting implementation outcomes. Proctor 
et al define implementation outcomes as deliberate and 
purposive actions to implement new treatments, prac-
tices and services.11 We adopted the following defini-
tions for implementation science outcomes by Proctor 
et al11: Appropriateness is the ‘perceived fit, relevance, or 
compatibility of the innovation or evidence-based prac-
tice for a given practice setting, provider, or consumer; 
and/or perceived fit of the innovation to address a partic-
ular issue or problem’; Acceptability is the ‘perception 
among implementation stakeholders that a given treat-
ment, service, practice, or innovation is agreeable, palat-
able, or satisfactory’; Adoption/Uptake is the ‘intention, 
initial decision, or action to try or employ an innovation 
or evidence-based practice’; Cost is the ‘financial impact 
of an implementation effort’; Feasibility is the ‘extent to 
which a new treatment, or an innovation, can be success-
fully used or carried out within a given agency or setting’; 
Fidelity is the ‘the degree to which an intervention was 
implemented as it was prescribed in the original protocol 
or as it was intended by the program developers’; Pene-
tration is the ‘integration of a practice within a service 
setting and its subsystems’; Sustainability is ‘the extent to 
which a newly implemented treatment is maintained or 
institutionalized within a service setting ongoing, stable 

operations’. And Diffusion of innovation is the ‘ability 
to adopt or adapt an innovation for local use that may 
increase its acceptability’.11

Although the effect of clean cookstove use on BP is 
well established as reported in the five studies included 
in this manuscript, the extent of the implementation of 
this innovation and evidence-based practice in LMICs is 
unknown.12–16

Therefore, this systematic review sought to under-
stand the effect of clean cookstove interventions on BP 
as demonstrated in studies that reported implementa-
tion science outcomes in LMICs. We evaluated: (1) the 
evidence of the effect of clean cookstove interventions 
on BP in LMICs, and (2) the evidence of implementa-
tion science outcomes described in these same studies in 
order to understand the extent of implementation of this 
evidence-based practice in LMICs.

MEthODs
search strategy
With guidance from a medical librarian, we conducted a 
systematic search on 1 November 2017 and repeated it on 
31 May 2018 to update the search results, with no restric-
tions on article publication date. All studies identified 
met the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) criteria (see figure 1).17 

Figure 1 Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses flow diagram for paper appraisal. LMIC, 
low-income and middle-income countries.
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We searched PubMed/Medline, Embase, INSPEC, 
Scielo/Lilacs, Cochrane Library, Global Health, Web of 
Science PLUS (including Food Science and Technology 
Abstracts [FSTA]  and BIOSIS Citation Index [BCI]). We 
also conducted a grey literature search and used Google 
Scholar to identify additional relevant papers. The search 
strategy included the following terms and medical subject 
headings: BP, HTN, cookstoves, implementation science 
outcomes and LMICs (see Appendix for the full search 
terms and concepts). The Boolean logic strategy using a 
variation of keywords with the AND/OR logic was applied 
across all the databases.

study inclusion and exclusion criteria
We limited our search strategy to only studies published 
in English. We included (1) randomised controlled 
trials (RCTs), cohort studies, case-control studies and 
studies with pre–post design; (2) studies conducted 
in LMICs; (3) studies that addressed the relation-
ship between cookstove use and change in BP and/or 
between indoor air pollution from cooking and HTN; 
and (4) studies that evaluated implementation science 
outcomes for use of clean cookstove. We excluded quali-
tative studies and studies that measured health outcomes 
through self-report because these studies do not provide 
quantifiable and valid measures for BP assessment. 
Non-randomised studies were included because there are 
only a small number of RCTs that assess change in BP as it 
relates to clean cookstove use.18

Article selection, data extraction and analysis
Five authors (JG, JI, DO, JO, MO) reviewed and selected 
eligible articles based on the selection criteria outlined 
above. Articles were deemed relevant for inclusion by 
initially scanning the titles and abstracts. If the criteria were 
not easily identifiable from the titles, the abstracts were 
then examined; if the author was still unsure, the article 
was included and a full article review was then conducted 
to confirm eligibility. The second round of screening 
comprised a more in-depth evaluation of each article. 
We downloaded the full-text articles and reviewed them 
for eligibility. Eligible studies were examined for imple-
mentation science outcomes, study location, changes in 
BP and cookstove use. Final studies selected had to meet 
all four criteria listed above. We resolved discrepancies 
by discussion or tiebreak by another reviewer. After selec-
tion, the following information was extracted from each 
article: study country, study design, population charac-
teristics, primary health outcome measurements and 
implementation outcomes. We extracted all data using a 
Google form designed based on eligibility criteria.

study quality assessment for rCts
Study quality was assessed using the Cochrane criteria.18 
Three authors (DO, MO and JO) individually assessed 
the risk of bias of each RCT that met the inclusion 
criteria. The Cochrane risk of bias tool was employed for 
bias in random sequence generation, bias in allocation 

concealment, bias in blinding and any other biases that 
may arise. Discrepancies were resolved by discussion, and 
a fourth reviewer was consulted if discrepancies remained.

Patient and public involvement
Patients or the public were not involved in this systematic 
review.

rEsults
We identified a total of 624 articles, 575 from database 
searches, 32 records from grey literature and 17 from 
Google Scholar. After removal of 163 duplicates, two 
authors (DO and JO) independently screened 461 titles 
and abstracts. This first round of screening excluded 426 
articles from the review, yielding 35 articles for which 
full texts were obtained and assessed for whether or not 
implementation outcomes were described.12 19–48 Of the 
remaining articles, we excluded 30 during the second 
round of reviews for the following reasons: no implemen-
tation science outcome reported,19–30 32–42 44–48 abstracts for 
which we could not locate papers,34 protocol papers with 
missing information on the trial outcomes29 and primary 
outcomes not related to change in BP24 26–28 33 36 41 43 45 48 
(see figure 1). Only three RCTs,13 15 16 and two studies 
with pre–post design12 14 met all four inclusion criteria.

For the three RCTs that met the eligibility criteria, 
the overall risk of bias was moderate to fair; the random 
sequence generation and allocation concealment were 
adequate in two out of the three studies. There was a 
low risk of bias for selective reporting. Also, because of 
the nature of the studies, blinding of data collection 
and outcome assessment was not possible. That said, 
authors of the Guatemalan study reported low risks of 
bias for outcome assessment because BP data were ascer-
tained using an automatic machine.15 These studies are 
summarised in tables 1–3; the findings report the mean 
difference in BP and implementation science outcomes.

Characteristics of the studies and participant population
Characteristics of the selected studies (RCTs and non-ran-
domised studies) are summarised in table 1. Two of 
the three RCTs were conducted in Africa (Ghana and 
Nigeria) and one in South-America (Guatemala). The 
RCT conducted in Nigeria had the largest sample size 
with over 300 participants,13 followed by the Guatemalan 
study,15 while the Ghanaian study had a small sample size 
of 44 women.16 Table 1 also shows two non-randomised 
studies included in the review. Both are pre–post designs 
conducted in Central and South America (Nicaragua 
and Bolivia). Both had sample sizes of 7414 and 28,12 
respectively.

As shown in table 1, study participants in all five 
studies were non-smoking women, who were primary 
cooks for their households, with an average age of 24–57 
years. However, two studies enrolled pregnant women as 
particpants (Nigeria and Ghana). The duration of the 
intervention for the three RCTs ranged from 5 months 
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Table 1 Characteristics of randomised and non-randomised studies included in the review

Author Country
Study 
design

Study 
duration Population

Average 
age of 
participants 
(years)

Sample 
size

Randomised

  Alexander et al13 Nigeria RCT 1.4 years Pregnant women 28 324

  McCracken et al15 Guatemala RCT 2 years Women 53 120

  Quinn et al16 Ghana RCT 5 months Pregnant women (non-
smoking and primary 
cooks)

24 44

Non-randomised

  Alexander et al12 Bolivia Before and 
after

1.2 years Women (non-smoking) 52 28

  Clark et al14 Nicaragua Before and 
after

2 years Women (non-smoking 
and primary cooks)

35 74

RCT, randomised controlled trial. 

Table 2 Characteristics of randomised and non-randomised studies included in the review (continued)

Study author Exposure comparison
Modality of outcome 
assessment

Primary outcome 
measure

Implementation 
science outcome

Randomised

  Alexander et al 
(Nigeria)13

A two-burner aluminium 
CLEANCOOK ethanol stove 
(CLEANCOOK Sweden AB, 
Stockholm, Sweden) versus 
kerosene/firewood users

An automatic BP 
monitor (ABPM) (Microlife BP 
3BM1-3; Microlife AG Swiss 
Corp., Widnau, Switzerland)

Change in diastolic blood 
pressure (DBP) during 
pregnancy

Feasibility

  McCracken et al 
(Guatemala)15

Improved woodstove called 
plancha—waist high enclosed 
combustion chamber, and a 
chimney to vent emissions from 
the kitchen. Versus open fires

An ABPM (52000 series; 
Welch Allyn, Skaneateles Falls, 
New York, USA)

Change in systolic BP 
(SBP) and DBP

Feasibility

  Quinn et al (Ghana)16 (1) Improved-combustion 
biomass-burning BioLite 
HomeStoves (BioLite, Brooklyn, 
New York); or, (2)two-burner 
liquefied petroleum gas stoves 
and associated cooking fuel. 
Versus
three-stoned open fire fueled by 
firewood.

24 hours ABPM to measure BP.
SpaceLabs 90,207 ABP 
monitors (SpaceLabs Medical, 
Redmond, Washington)
And home blood pressure 
monitor (HBPM) an Omron 
BP791IT automatic digital blood 
pressure
Monitors (Omron Healthcare, 
Bannockburn,
Illinois)

Changes in ambulatory 
SBP and DBP as a result 
of exposure to carbon 
monoxide and to improved 
cookstove

Feasibility

Non-randomised

  Alexander et al 
(Bolivia)12

Improved adobe wood-burning 
cookstove called the Yanayo 
cookstove, a chimney and a 
metal roof for the kitchen. Versus 
open pit fires

Omron blood pressure monitor 
(Model HEM-705CP)

Change in BP levels 
associated with reduced 
PM level during cooking

Adoption

  Clark et al 
(Nicaragua)14

Ecostove: wood-burning 
cookstove with a more efficient 
combustion chamber and a 
chimney versus traditional open 
fire cookstoves

Aneroid sphygmomanometers Change in SBP and DBP Feasibility and 
adoption

BP, blood pressure; PM, particulate matter. 
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(Ghana) to 2 years (Guatemala). For the non-randomised 
studies, the intervention duration ranged from 14 months 
to 2 years.

Evidence of the effect of clean cookstove use on bP
Change in BP was the primary outcome measure for all 
five studies (table 2). The Nigerian study showed that 
the use of clean cookstove led to statistically significant 
greater reduction in diastolic BP (DBP) among pregnant 
women randomised to a two-burner aluminium CLEAN-
COOK ethanol stove versus pregnant women who used 
kerosene/firewood. BP was measured with the validated 
microlife automatic BP monitor.13 Additionally, authors 
posited that late pregnancy is associated with elevated 
BP due to excessive weight gain49; as such both groups 
in the study experienced increased SBP. However, the 
ethanol group (intervention arm) had lower DBP than 
the control group, possibly due to maintenance of their 
weight and normal body mass index at baseline. Towards 
the end of pregnancy, more women in the control group 
developed HTN.13 In the Guatemalan study, the use of 
clean cookstove was also associated with significantly lower 
DBP among women randomized to the improved wood-
stove with a chimney called ‘plancha’ versus women who 
used open fires. BP in this study was measured using the 
Vital Sign Monitor 52 000 series Welch Allyn automatic 
BP monitor. Although, the study in Ghana demonstrated 
a relationship between exposure to CO and an increase 
in BP, the use of the clean cookstove was not associated 
with a statistically significant reduction in SBP or DBP 
among pregnant women randomised to the improved 
combustion biomass burning BioLite Home Stoves, or 
two-burner liquefied petroleum gas stoves compared 
with the women who used the three-stoned open fires. 
BP in this study was measured with a 24-hour ambulatory 

BP monitor (SpaceLabs 90) and an automatic home BP 
monitors by Omron (see table 2).

In the non-randomised studies, the Bolivian study by 
Alexander et al reported the use of the improved adobe 
wood-burning cookstove with a chimney called the 
‘Yanayo’ cookstove versus the use of open fire pits. In this 
study, the group that used the Yanayo cookstove had a 
statistically significant BP reduction post intervention, and 
this change was associated with reduced PM levels during 
cooking. In the Nicaraguan pre–post study, there was a 
statistically significant lower SBP and DBP among women 
who used the Eco-stove (a wood-burning cookstove with 
an efficient combustion chamber and a chimney) versus 
those who used traditional open fires (see table 2).

In table 3, we presented the differences in BP change 
between the use of clean cookstove and traditional 
cooking methods (control group) for all five studies. 
The randomised studies (in Nigeria and Guatemala) 
had lower systolic BP, but the results were not statis-
tically significant. The mean difference in SBP in the 
Nigerian study was −1.3 mm Hg (−4.4, 1.8; p=0.40) and 
in the Guatemalan study −3.7 mm Hg (−8.1, 0.6; p=0.10). 
Conversely, the mean difference in DBP was statistically 
significant for the Nigerian and Guatemalan studies 
with a lower DBP of −2.8 mm Hg (−5.0, –0.6; p=0.01) 
and −3.0 mm Hg (−5.7,–0.4; p=0.02), respectively. Both 
SBP and DBP were reduced in the Ghanaian study post 
intervention, but neither was statistically significant; the 
SBP was −2.1 mm Hg (−6.6, 2.4; p=0.35); and DBP was 
−0.1 mm Hg (−3.2, 3.0; p=0.95).

The Bolivian and the Nicaraguan studies reported 
significantly lower SBP post intervention. The mean 
difference in SBP among women who used the improved 
cookstove and fuel technology was −5.5 mm Hg (p=0.01) 
in Bolivia and −5.9 mm Hg (−11.3,–0.4; p=0.05) in 

Table 3 Change in blood pressure (BP) using cook stove as an intervention for randomised and non-randomised studies

Study author BP type
Mean difference in 
BP (mm Hg) 95% CIs P value

Randomised

  Alexander et al (Nigeria)13 SBP
DBP

−1.3
−2.8

−4.4 to 1.8
−5.0  to 0.6

0.40
0.01

  McCracken et al (Guatemala)15 SBP
DBP

−3.7
−3.0

−8.1 to 0.6
−5.7  to 0.4

0.10
0.02

  Quinn et al (Ghana)16 SBP
DBP

−2.1
−0.1

−6.6 to 2.4
−3.2 to 3.0

0.35
0.95

Non-randomised

  Alexander et al (Bolivia)12 SBP
DBP

−5.5
−1.1

*
*

0.01
0.50

  Clark et al (Nicaragua)14 SBP
DBP

−5.9†
−1.8†

−11.3  to 0.4
−5.4 to 1.7

0.05
0.09

Level of significance: p<0.05.
*CIs not reported because Mann-Whitney test was used.
†Women aged ≥40 years mm Hg.
DBP, diastolic blood pressure; SBP, systolic blood pressure.

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-026517 on 14 M

ay 2019. D
ow

nloaded from
 

http://bmjopen.bmj.com/


6 Onakomaiya D, et al. BMJ Open 2019;9:e026517. doi:10.1136/bmjopen-2018-026517

Open access 

Nicaragua. The authors of the Nicaraguan study noted 
that the observed significant differences in SBP were 
among a subgroup of women aged 50 years and older. By 
contrast, the effect of the use of clean cookstove interven-
tion on DBP was not significant in both studies; the studies 
reported a mean difference of −1.1 mm Hg (p=0.50) and 
−1.8 mm Hg (−5.4, 1.7; p=0.09), respectively.

Evidence supporting the implementation of clean cookstove 
intervention in lMICs
For this purpose, we identified studies in which imple-
mentation outcomes addressed by Proctor et al were 
reported.11 From our evaluation, outcomes of feasibility 
and adoption were measured in the five included studies. 
We identified feasibility as an outcome in a given study 
if the cookstove intervention was successfully used or 
carried out within the context of the environment during 
the study. We identified adoption as an outcome in a 
given study, if study participants employed the cookstove 
intervention during regular cooking, as specified in the 
study protocol.

All three RCT studies reported on the feasibility of 
clean cookstove use as an intervention for reducing 
HAP and BP.13 15 16 The authors of the three RCTs did 
not explicitly state how feasibility was measured, rather 
we inferred its assessment from study data using the defi-
nition of implementation science outcomes from Proctor 
and colleagues.11 With respect to the non-randomised 
studies, the Bolivian study reported a 90% rate of adop-
tion of the improved Adobe wood-burning cookstove 
post intervention (ie, alm ed to use the cookstove after 
the completion of the study).12 Adoption was measured 
via observation and study outcome data. In the Nicara-
guan study, after the introduction of the improved/clean 
cookstove, only about 50% of study participants reported 
continued use of the traditional stove either alone or in 
conjunction with the eco-stove. Adoption was measured 
through observation and self-report from participants.

DIsCussIOn
In this systematic review, we evaluated evidence for the 
use of clean or improved cookstove in LMICs with respect 
to its effect on lowering BP, as reported in studies eval-
uating implementation science outcomes. We identified 
five studies in Nigeria, Ghana, Guatemala, Nicaragua and 
Bolivia. The effect of clean or improved cookstove use 
on lowering BP was evaluated and reported only among 
women, and all five studies (except the Ghanaian study) 
reported a statistically significant association between 
use of clean or improved cookstove and reduction in 
systolic and/or DBP. Overall, the reported change in 
BP was significantly lower among subgroups of partic-
ipants including pregnant women,13 16 obese women14 
and or women≥40 years.14 Due to the heterogeneity of 
the studies (three RCTs and two non-RCTs), we did not 
perform a meta-analysis. The exposure outcome and 
the potential for bias that may arise from the inclusion 

of non-randomised trials also precluded the conduct of 
a meta-analysis. All five studies reported implementation 
outcomes including feasibility (Nigeria, Guatemala and 
Ghana), adoption (Bolivia) and feasibility and adoption 
(Nicaragua).12–16

To our knowledge, this is the first systematic review 
to report on the effect of clean or improved cookstove 
use on BP reduction in LMICs. Fatmi and Coggon50 
conducted a systematic review in 2016, which focused on 
the effect of HAP on coronary heart disease via the use 
of solid fuels but did not consider the effect of improved 
or clean cookstove on BP. Similarly, although the system-
atic review by Thomas et al51 examined the effect of clean 
cookstove intervention on HAP exposure in LMICs, it did 
not report on its effect on lowering BP.

reasons for observed results
There are several reasons for the positive effect of clean 
cookstove use on BP reduction. Some of these reasons 
include: reduced exposure to PM2.5 and reduced expo-
sure to CO. For example, in the Guatemalan study, the 
authors attributed the observed lower BP to a substantial 
reduction in exposure to personal PM2.5 among partici-
pants using the plancha, compared with those using open 
fires. They posited that the reduced wood smoke exposure 
facilitated lower BP readings noted in the intervention 
group. This observation aligns with scientific literature, 
which links BP to PM2.5 exposure.15 52 Additionally, in the 
Ghana study, the authors noted that 2 hours of exposure 
to at least 4.1 ppm of CO was associated with transient 
increases in BP. Compared with the control arm of the 
Ghanaian study, participants in the cookstove interven-
tion arm experienced lower BP readings attributable to 
reduced exposure to CO.16 53 Similar to the Guatemalan 
study, authors of the Bolivian study also suggested that the 
reduced exposure to personal PM2.5 was the mechanism 
attributed to the observed reduction in BP.12 54

Another potential reason for the lower BP readings 
noted in the studies, particularly those in West Africa, 
could be the positive effect of physical activity on BP 
reduction. This may also explain the null findings in the 
Ghana study aside from the small sample size (n=44).16 
Specifically, in West Africa, cooking involves significant 
sustained physical activity such as pounding and vigorous 
stirring of root vegetables (a staple West African diet), 
which is associated with lowering BP.16 55 56 Although 
not explicitly measured in the study, physical activity was 
proposed as a possible confounder that influenced the 
null results.16

Implications
Findings from this systematic review have research, policy 
and public health implications. With respect to research 
implications, although our findings showed that the use 
of clean cookstove is associated with BP reduction, its 
widespread implementation is suboptimal in LMICs given 
that only five studies met the defined eligibility criteria. 
Strategies to ensure optimal implementation of clean 
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cookstove use are paramount if we are to reduce HAP 
in LMICs. Future research should address critical gaps 
in the implementation of clean cookstove use, and apply 
well-established implementation research frameworks 
to develop strategies for clean cookstoves use in LMICs. 
With respect to public health implications, the nega-
tive effect of HAP (a leading cause of death worldwide 
with 3.5–4 million deaths yearly)1 2 on health outcomes 
is growing, especially among rural populations.51 It is 
currently estimated that 41% of households are exposed 
to HAP from cooking with solid fuels,3 making HAP a 
major public health problem. As such, if the use of clean 
cookstove is widely adopted in LMICs, its potential to 
reduce HAP and resultant BP reduction will have a signif-
icant impact on population health. Finally, with respect to 
policy implications, findings from our systematic review, 
although limited, should inform policy-makers on the 
need to develop systems-level strategies for clean cook-
stove dissemination in LMICs.

limitations
Our study has several limitations. First, the review was 
limited to studies only published in the English language. 
Second, generalisability to other demographic subgroups 
is limited as the studies included only women. Third, the 
sample size of the studies varied greatly, from as small as 
28 participants to as large as 324 participants. The small 
sample size of the RCT conducted in Ghana may explain 
its null findings16 Finally, BP assessment varied across 
the studies with some using automated BP devices while 
others used ambulatory BP monitoring. This variation in 
BP measurement makes it difficult to conclusively ascer-
tain the effect of clean cookstove use on lowering BP.

COnClusIOns
Overall, findings from our systematic review showed that 
the use of clean cookstove is associated with BP reduc-
tion among women in LMICs. Although these findings 
are promising, it is important to develop effective strat-
egies for widespread implementation of clean cookstove 
use in LMICs if we are to stave off the growing burden of 
HTN and other CVD risk factors that are associated with 
increased HAP in LMICs.
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