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High systolic blood pressure (BP) is a leading risk factor in the latest
Global Burden ofDisease comparative risk factor analysis, account-
ing for ∼ 11million deaths and 9% of all disability-adjusted life
years.1 Household air pollution (HAP) from domestic combustion
of solid fuels for cooking and heating is also an important risk factor,
with >2:3million attributable deaths, a substantial portion due to
cardiovascular conditions (e.g., ischemic heart disease and stroke).2
Because at least one-third of the global population still cooks with
solid fuels3 and hypertension is a key risk factor for cardiovascular
disease, how exposures to HAP affect BP is a research question of
considerable public health interest. An association between expo-
sure to ambient air pollution and higher BP is supported bymultiple
studies,4,5 but the evidence for an association with exposure to HAP
is less robust.6 Prior to the paper by Daouda et al. in this issue of
Environmental Health Perspectives,7 there were no published stud-
ies of in utero exposure toHAP andBP later in childhood.

Observational epidemiological studies have consistently docu-
mented associations between chronic exposures to higher concen-
trations of HAP and adverse health outcomes, including childhood
pneumonia, low birth weight, adverse pregnancy outcomes, and
adult hypertension.8 However, randomized controlled trials of
cleaner cooking interventions have largely failed to demonstrate
improvements in primary outcomes in children. Even trials of
liquefied petroleum gas (LPG) that were able to achieve sub-
stantial reductions in HAP exposure did not find associations
with primary outcomes such as increased birth weight or lower
risk of pneumonia.9,10 On the other hand, exposure–response
analyses from these trials have found associations between
higher pollutant concentrations and worse health outcomes,
supporting HAP as an important risk factor.11,12 This is the cur-
rent enigmatic state of HAP health effects research.

Randomized trials of interventions to reduce children’s expo-
sure to HAP have typically assessed short-term health outcomes,
with study durations of ≤2 y. However, following participants for
longer periods would allow the impact of prenatal and early child-
hood exposures on subsequent respiratory and cardiovascular
health, somatic growth, and neurodevelopment to be assessed. For
example, I was a co-investigator of the Randomized Exposure
Study of Pollution Indoors and Respiratory Effects (RESPIRE)

and Chronic Respiratory Effects of Early Childhood Exposure to
Respirable PMCohort (CRECER) studies in rural Guatemala. The
initial analysis based on receiving the chimney stove intervention
or not found a nonsignificant reduction in low birth weight associ-
ated with the intervention,13 but a follow-up exposure–response
analysis up to 5 years of age showed improved somatic growth
with lowerHAP exposure.14

Similarly, the Ghana Randomized Air Pollution and Health
Study (GRAPHS) is one of the few randomized clean cooking
intervention studies to have longitudinally evaluated health
outcomes over time. GRAPHS was a cluster-randomized trial
that evaluated the efficacy of two interventions (LPG and an
improved biomass cookstove) compared with a traditional
open fire control.10 Although the primary outcomes were birth
weight and pneumonia within the first year of life, other health
outcomes were evaluated longitudinally in a subset of the origi-
nal intervention cohort, following the children to 4 years of age.
As Daouda et al. report,7 intention-to-treat analyses preserving
the original trial design showed that a) diastolic BP at 4 years
of age (another major risk factor for adult disease) was lower
among children born in the LPG arm, b) the improved biomass
stove was not associated with BP, and c) girls were more sus-
ceptible to the apparent effect of the LPG intervention than
boys.

These results demonstrate that longer-term follow-up of
randomized trials designed to study short-term health outcomes
can provide valuable data, especially if exposure monitoring can
be continued. The study results also add BP to the list of health
outcomes for which evidence suggests early life exposures may
have effects later in childhood. Further, the study provides evi-
dence that young girls may be more susceptible to the effect of
HAP on BP, as well as that late gestation may be a critical win-
dow of in utero exposure.

Of note, the GRAPHS LPG intervention lasted only 1 y. After
that, gas cylinders were no longer provided, and participants in the
intervention arm reverted to using traditional open fire stoves.
Nevertheless, children in the LPG arm had lower diastolic BP at 4
years of age, providing further support for the lasting efficacy of
prenatal interventions to reduce HAP exposure. Future studies
should consider including sustainability of intervention(s) in their
designs to avoid elimination of health, environmental, and quality-
of-life benefits upon the conclusion of the studies.

Although it is unclear how clean cooking needs to be to have a
meaningful impact on health in low-resource settings, we do have
sufficient evidence to recommend that reducing exposure to HAP
is important even if the intervention does not achieve World
Health Organization air quality guideline levels.15 Hypertension is
an important public health issue in Western, Central, Eastern, and
Southern Africa.16 Given that the antecedents of adult hyperten-
sion likely begin in early life,17 reducing children’s exposure to
risk factors, such as HAP, through cleaner cooking interventions,
such as LPG or electric stoves, may have an impact later in the life
course. Amajor challenge is how to feasibly deliver LPGor electric-
ity to communities in low-income countries, especially rural ones.
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The global health and development sectors need to communicate
and work together better to enable feasible delivery of clean energy
in low-resource settings.
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