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Abstract

Few studies have evaluated the cardiovascular-related effects of indoor biomass burning or the
role of characteristics such as age and obesity status, in this relationship. We examined the impact
of a cleaner-burning cookstove intervention on blood pressure among Nicaraguan women using an
open fire at baseline; we also evaluated heterogeneity of the impact by subgroups of the
population. We evaluated changes in systolic and diastolic blood pressure from baseline to post-
intervention (range: 273-383 days) among 74 female cooks. We measured indoor fine particulate
matter (PM> 5; n=25), indoor carbon monoxide (CO; n=32), and personal CO (n=30)
concentrations. Large mean reductions in pollutant concentrations were observed for all
pollutants; for example, indoor PM5 5 was reduced 77% following the intervention. However,
pollution distributions (baseline and post-intervention) were wide and overlapping. Although
substantial reductions in blood pressure were not observed among the entire population, a 5.9
mmHg reduction (95% confidence interval [CI]: —11.3, —0.4) in systolic blood pressure was
observed among women 40 or more years of age and a 4.6 mmHg reduction (95% CI: -10.0, 0.8)
was observed among obese women. Results from this study provide an indication that certain
subgroups may be more likely to experience improvements in blood pressure following a
cookstove intervention.
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Introduction

Nearly three billion of the world’s poorest people rely on solid fuel combustion (wood, coal,
animal dung, etc.) to meet basic domestic energy needs (Rehfuess et al., 2006; Martin et al.,
2011). Many of these households use traditional, inefficient and poorly vented indoor
cookstoves to meet these needs, which can result in extremely high household air pollution
concentrations. Indoor air pollution ranks 10" among preventable risk factors contributing
to the global burden of disease, and it is the 6! leading risk factor for death in low-income
countries (Narayan et al., 2010). More efficient cookstove designs have the potential to
reduce pollutant emissions and household air pollution exposures substantially (Albalak et
al., 2001; Bruce et al., 2004; Ezzati and Kammen, 2002; Naeher et al., 2000b; Smith, 2002).
However, assessments of stove interventions incorporating health impacts are limited
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(McCracken et al., 2007; Romieu et al., 2009; Smith-Sivertsen et al., 2009; Smith et al.,
2011), and few studies have evaluated the cardiovascular effects of indoor biomass burning
(McCracken et al., 2007; Smith and Peel, 2010; McCracken et al., 2011; Baumgartner et al.,
2011; Clark et al., 2011). Although cardiovascular disease has received relatively little
attention in developing countries, it is the leading cause of death in Nicaragua (PAHO,
2007). Blood pressure is an ideal endpoint to assess the subclinical cardiovascular effects of
household air pollution from biomass combustion; blood pressure is an important risk factor
for cardiovascular disease (Lewington et al., 2002; Vasan et al., 2001), has an established
relationship with ambient air pollution (Urch et al., 2005; Kannan et al., 2010), can change
meaningfully over a short period of time (Turnbull, 2003), and can easily be measured in
rural areas of developing countries.

Cross-sectional associations between elevated blood pressure and increased air pollution
exposures from indoor biomass combustion have been reported (Baumgartner et al., 2011;
Clark et al., 2011). McCracken et al. (2007) were the first to report blood pressure
reductions following a chimney stove intervention. Small within-subject reductions in
systolic and diastolic blood pressure were observed an average of 63 days (range, 0-342
days) after the stove intervention (McCracken et al., 2007). Whether longer follow-up
periods would result in larger blood pressure reductions is unknown.

In addition to population-level effects, investigators have noted the importance of
considering population subgroup susceptibility (e.g., socio-economic status, education, race,
and underlying disease) when evaluating the potential health benefits associated with air
pollution reductions (Levy et al., 2002; Tonne et al., 2008). For example, since stronger
relationships between air pollution exposures and adverse health exist for certain subgroups,
including for older age groups and obese populations (Sacks et al., 2011), then one could
hypothesize that these subgroups would also experience greater benefits from an
intervention that reduces these exposures (Levy et al., 2002). Although previous studies
focused primarily on industry or traffic-related ambient air pollution reductions (Levy et al.,
2002; Tonne et al., 2008), similar hypotheses regarding household air pollution interventions
are plausible. No one, to date, has examined the effects of a cookstove intervention on blood
pressure changes among population subgroups that may be particularly susceptible to the
adverse effects of air pollution and therefore may benefit the most from an intervention to
decrease air pollution exposure.

We conducted a longitudinal study to assess the health impact of a cookstove intervention
among primary female cooks in a semi-rural community outside of Granada, Nicaragua. We
previously reported results from a cross-sectional analysis of household air pollution
concentrations and health assessed during the baseline year when all participants used a
traditional, open-fire cookstove (Clark et al., 2011). Non-significant elevations in systolic
blood pressure were associated with higher indoor carbon monoxide (CO) concentrations;
these associations were stronger among obese participants (Clark et al., 2011). Here, we
report the longitudinal changes in systolic and diastolic blood pressure from baseline to
approximately one year following the introduction of a wood-burning cookstove with a
more efficient combustion chamber and a chimney (referred to as the Eco-stove). We
hypothesized that systolic and diastolic blood pressure would be reduced among participants
following the introduction of the Eco-stove and that certain subgroups of the population
would experience greater reductions in blood pressure following the intervention.
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Methods

Study population

As described previously (Clark et al., 2011), community volunteers associated with a local
women’s organization (Casa de la Mujer; Granada, Nicaragua) identified 124 nonsmoking
female primary cooks (i.e., the person cooking the majority of meals) in EI Fortin,
Nicaragua, who had semi-enclosed (2—-3 walls) or enclosed (4 walls) kitchen areas, cooked
with traditional open-fire cookstoves, and agreed to purchase a subsidized Eco-stove
(described below) after baseline health and exposure assessments. Although this was a non-
random sample, volunteers indicated that very few, if any, eligible women in the community
refused participation. Baseline field data collection was conducted from May to July 2008.
Sample collection days occurred Monday through Saturday, which are typically similar in
regards to cooking practices and general community activities. Participating families
received the Eco-stoves following baseline assessments (between June and September
2008). Follow-up health and exposure measures were collected from May to June 2009,
approximately 9 months to 1 year (range: 273 to 383 days) after Eco-stove introduction. Of
the 121 participants providing valid blood pressure measures during baseline, subjects were
excluded from this analysis due to inability to contact (n=12), pregnancy (n=13), no longer
the primary cook of the household (n=12), a shift in body mass index (BMI) greater than 4
kg/m?2 (n=5), and self-reported blood pressure medication use (n=>5), leaving a total of 74
participants for this analysis. Due to feasibility reasons the study design did not incorporate
a control arm (all participating families received an Eco-stove).

Exposure assessment

The exposure of interest for the primary analysis was the Eco-stove intervention. During
baseline, all participants used a traditional open-fire cookstove. Traditional stoves generally
consisted of homemade, elevated, open-combustion areas without chimneys, typically in a
kitchen structure with two to four walls detached from the main living area. The stove model
for the intervention was the Eco-stove (PROLENA, Managua, Nicaragua). The Eco-stove
consists of an enclosed elbow-shaped combustion chamber surrounded by insulation and a
metal encasing, a griddle (p/ancha) stove top, and a chimney. Materials used in the
construction of the Eco-stove cost approximately $120 US; participants in the study paid
$1.50 US (an amount determined feasible by the local women’s organization).

Woodsmoke contains numerous harmful pollutants; particulate matter and CO are typically
used as markers of woodsmoke combustion (Naeher et al., 2007). Indoor PM,, 5 [particulate
matter less than 2.5 micrometers in diameter], indoor CO, and personal CO concentrations
were measured during baseline and follow-up for a small subset of the population (among
those with baseline and follow-up blood pressure measures, n=25 for PM 5, n=32 for indoor
CO, and n=30 for personal CO). Although exposure monitoring during the follow-up year
was conducted among the entire population, only a subsample is presented here due to the
theft of several study laptops upon completion of data collection. Indoor monitors were
collocated inside the kitchen at a height representative of breathing zones; baseline kitchen/
monitor sketches (including height and distance from stove) were used to place equipment at
the same location during the follow-up monitoring period. As described in detail previously
(Clark et al., 2011), concentrations of indoor PM5, 5 and indoor and personal CO were
assessed continuously over 48 hours using the UCB Particle Monitor (Berkeley Air
Monitoring Group; Berkeley, CA, USA) and the Drager Pac 7000 (SKC, Inc; Eighty Four,
PA, USA), respectively. The Drager Pac 7000s were pre- and post-calibrated using 50 ppm
CO calibration gas; post-study calibration readings were within ten percent of the pre-
calibration readings. Time-weighted average concentrations were calculated.
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Health, demographic, and stove use measures

All health measurements were obtained at the end of the 48-hour pollutant monitoring
period. Systolic and diastolic blood pressure measurements were taken manually
(ausculatory method with aneroid sphygmomanometers) between the hours of 8am and
12pm after the participant had been seated and at rest for 10 minutes. Three repeat measures
were taken within a 10-minute period of continued rest. When a series of measures are
taken, the first is typically the highest (Pickering et al., 2005); therefore, we used the average
of the second and third measures in analyses. A survey was administered to collect
demographic information, education, occupation, exposure to secondhand smoke (at least
occasional exposure in the kitchen or living area), and stove use/cooking practices during
the follow-up year. Studies in Guatemala have examined culturally-appropriate indicators of
socioeconomic status, including an asset index incorporating the possession of a radio, a
television, and/or a bicycle, as well as owning pigs or cattle (Bruce et al., 1998; McCracken
et al., 2007). We included similar indicators of socioeconomic status, along with education
level, in the survey. Additionally, each participant’s height, weight, and waist circumference
were measured. BMI was calculated as the weight divided by the squared height (in kg/m?);
obesity was defined as BMI = 30 kg/mZ.

Statistical analysis

All data analyses were conducted using the SAS computer program (SAS 9.3, SAS Institute;
Cary, NC, USA). Descriptive statistics were calculated for air pollutant concentrations,
systolic and diastolic blood pressure, and participant characteristics. Box-plots were created
to evaluate pollutant concentration distributions (untransformed) by year. Baseline and
follow-up pollutant concentrations were compared using paired t-tests (the assumption of
normality was evaluated and met for the difference between the baseline and follow-up
concentrations for the entire study population; natural log transformations were used when
evaluating differences in baseline pollution concentrations among subgroups because
distributions were not normal).

Systolic and diastolic blood pressure means were analyzed separately. Paired t-tests were
used to evaluate the difference of the follow-up and baseline blood pressure levels for the
entire study population (the assumption of normality was met for the paired t-test; the paired
differences were independent of each other). A variable representing the change from
baseline (prior to the stove introduction) to follow-up (post-introduction of the Eco-stove)
was created for each subject by subtracting the baseline blood pressure level from the
follow-up blood pressure level (therefore, a negative change in blood pressure indicated that
blood pressure was reduced over the course of the study period). To assess heterogeneity of
changes in blood pressure within subgroups of the population, we calculated least-squares
means (and 95% confidence intervals [CI]) for the change in blood pressure within
subgroups as well as p-values comparing the subgroup mean changes using Proc GLM (p-
value <0.05 indicates that the subgroup mean changes were statistically different). For
example, mean changes from pre- to post-intervention were compared within obese and non-
obese subjects, and these mean changes were also compared between the obese and non-
obese subjects (i.e., did obese and non-obese participants experience different changes in
blood pressure?). Subgroups were defined a priori based on obesity status (BMI>= 30 kg/m?
vs. BMI < 30 kg/m?), any reported usual exposure to secondhand smoke in the home (yes
vs. no), self-reported doctor-diagnosed heart disease (yes vs. no), years of education (0
[reference], 1-5, =6 years), indicators of socioeconomic status, and age at baseline. Age at
baseline was categorized using approximate tertiles and was also dichotomized at 50 years
due to evidence of effect modification reported by Baumgartner et al. (2011). All
assumptions were evaluated and met (linearity, homoscedasticity, normality of the residuals,
and independence of the observations [the mean differences from baseline to follow-up]).
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Several sensitivity analyses were conducted separately to evaluate the robustness of results.
We repeated analyses including the 5 participants reporting blood pressure medication use.
Additionally, we excluded 10 women who previously smoked (n=3 reported smoking for
more than one year and n=4 reported smoking more than 2 cigarettes/day, on average).
Finally, due to the presence of primary female cook participants who were relatively young,
we conducted an additional sensitivity analysis removing those participants less than 18
years of age (n=10).

Because some subgroups evaluated may contain similar populations, we performed Pearson
Chi-square tests for independence to aid interpretation of main subgroup analyses (e.g.,
older participants may also likely be the obese participants).

Among the population with blood pressure measures in the baseline and follow-up year and
not reporting blood pressure medication use (n=74), mean systolic and diastolic blood
pressure at baseline were 120.2 mmHg (standard deviation [SD], 21.3) and 75.2 mmHg (SD,
11.6), respectively (Table 1). The average age at baseline was 35.4 years, 38% (n=28) were
obese, 41% (n=30) reported at least some exposure to secondhand smoke in the home, 14%
(n=10) reported doctor-diagnosed heart disease, and 38% (n=28) reported 0 years of
education (Table 1). Additionally, nearly half (47%) reported still using their traditional
cookstove (i.e., solely or in conjunction with their Eco-stove) during the follow-up year.
When asked to specify the average number of meals cooked per week with each stove type,
24% (n=18) reported using the traditional cookstove at least 25% of the time. Although 42
women participating during baseline were lost to follow-up or removed from analyses for
reasons described above, demographic characteristics were similar and the means for
baseline systolic and diastolic blood pressure did not differ between those in the current
analysis (n=79, including those taking blood pressure medications) and those lost or
removed after baseline (n=42) (p=0.90 and 0.99, respectively).

Although the subsample of the population with follow-up (post-intervention) exposure
measurements was not a random subsample, there were no meaningful differences in
baseline pollution concentrations, blood pressure, or demographic factors when comparing
those with to those without post-intervention exposure measurements (results not presented).
Large mean reductions in indoor PM 5, indoor CO, and personal CO pollutant
concentrations were observed from baseline to follow-up (p < 0.001 for all pollutants)
(Figure 1). Mean 48-hour concentrations were reduced from 1801 pg/m3 to 416 pg/m3 for
PM3 5 (n=25), 25.8 ppm to 7.2 ppm for indoor CO (n=32), and 2.1 ppm to 0.8 ppm for
personal CO (n=30). However, as demonstrated in Figure 1, large overlap in distributions
was observed between pollutant concentrations at baseline and follow-up. Additionally,
when evaluating changes in mean pollutant concentrations across subgroups of the
population (i.e., by obesity status, age categories, reported stove use) we observed that all
subgroups experienced similar mean decreases in pollutant concentrations and did not differ
statistically. For example, those reporting only the use of the Eco-stove during the follow-up
year did not experience greater exposure reductions as compared to those reporting mixed
stove use during the follow-up year (use of the traditional stove either solely or in
conjunction with the Eco-stove) for PM, 5 (p=0.94), indoor CO (p=0.57), or personal CO
(p=0.22). For PM5, s, those reporting sole use of the Eco-stove during follow-up experienced
a 1363 pg/m?3 reduction (95% CI: —2209, -517) while those reporting mixed use
experienced a 1406 pg/m?3 reduction (95% CI: —2219, —593). Similar patterns were
observed for indoor and personal CO.
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On average, systolic and diastolic blood pressure did not change substantially from baseline
to the post-intervention follow-up in the entire population (mean change for systolic blood
pressure = —=1.5 mmHg, 95% CI: -4.9, 1.8; mean change for diastolic blood pressure = 0
mmHg, 95% CI: -2.1, 2.1) (Table 2). Mean changes in blood pressure among different
subgroups of the population indicated that the subgroups with higher baseline blood pressure
levels experienced greater reductions in blood pressure from baseline to follow-up.
Although not a statistically significant difference (p=0.16 comparing the mean changes),
obese participants experienced, on average, a 4.6 mmHg reduction (95% CI: -10.0, 0.8) in
systolic blood pressure while hon-obese participants experienced a 0.3 mmHg increase (95%
Cl: -3.9, 4.6). Similar trends in systolic and diastolic blood pressure were observed among
those reporting exposure to secondhand smoke and doctor-diagnosed heart disease (Table
2). We did not observe differences in mean blood pressure changes by pig, chicken,
television, or radio ownership (results not presented); however, suggestive evidence for
greater decreases in blood pressure was observed for those reporting no formal education as
compared to those reporting 1-5 years and 6 or more years of education (Table 2). Those in
the oldest age tertile experienced a larger reduction in blood pressure (mean systolic blood
pressure change = -5.9, 95% ClI: —11.3, —-0.4; mean diastolic blood pressure change = -1.8,
95% ClI: -5.4, 1.7). Larger blood pressure reductions were observed when limiting the older
population to those greater than 50 years (Table 2). Systolic and diastolic blood pressure
demonstrated similar patterns, but, reductions were larger for systolic blood pressure.

Although mean reductions in blood pressure were slightly greater after excluding
participants less than 18 years of age at baseline (mean change in systolic blood pressure =
—-2.4 mmHg, 95% CI: -6.1, 1.3; mean change in diastolic blood pressure = —0.9, 95% CI:
-3.2, 1.4; n=64), results comparing mean changes in the subgroups were not appreciably
altered (results not presented). Results from additional sensitivity analyses (including
women taking blood pressure medication and removing previous smokers) were similar to
the primary results (results not presented).

Although population subgroup classifications were analyzed separately for differences in
mean blood pressure changes, the classifications (by obesity, age, education, secondhand
smoke exposure, and self-reported use of the traditional open fire during the follow-up year)
were evaluated for independence. We observed that the more educated participants were less
likely to be obese (p=0.003), the older participants were more likely to be obese (p<0.0001),
and the younger participants were more likely to report more years of education (p<0.0001).

Discussion

In this longitudinal intervention study using a cookstove that reduced average indoor PM 5
concentrations by 77%, we observed a 5.9 mmHg reduction (95% ClI: -11.3, —-0.4) in
systolic blood pressure among women 40 years of age or older. Results for this age group
are supported by two previous cookstove studies. Baumgartner et al. (2011) reported a cross-
sectional relationship among rural Chinese women between personal exposure to PM> 5
from biomass combustion and elevated blood pressure that was stronger among women
greater than 50 years of age (4.1 mmHg increase in systolic blood pressure per 1 log-
transformed wg/m3 unit increase in PMj 5). Our longitudinal study design is more
comparable to a chimney stove intervention conducted in Guatemala by McCracken et al.
(2007). The mean within-person change before and after the stove intervention was -3.1
mmHg (95% CI: -5.3, —0.8) for systolic blood pressure. The mean age of the Guatemalan
population was 53.3 years which is more consistent with our subgroup that included older
women. Our results do not provide evidence of an effect of a cookstove intervention on
blood pressure among women less than 40 years of age.
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Although the small sample size and lack of statistically significant results limit our ability to
make strong conclusions, obese participants and those reporting secondhand smoke
exposures in the home demonstrated reductions in blood pressure from baseline to follow-up
with weaker evidence for blood pressure reductions among those with doctor-diagnosed
heart disease and lower education levels. Several investigators have hypothesized that those
more susceptible to the adverse effects of increased exposures may also be the groups that
benefit most from efforts to reduce air pollution levels (Levy et al., 2002; Tonne et al.,
2008). However, it is not known if larger predicted benefits among these subpopulations are
due to differences in greater relative improvements associated with air pollution reductions
or differences in absolute improvements due to poorer baseline health status, which may be
independent of air pollution (Levy et al., 2002). Here, we observed evidence suggesting that
susceptible participants may be the only ones to benefit from a cookstove intervention (i.e.,
we did not observe blood pressure improvements among the entire population). There was
no indication that these groups experienced greater reductions in exposure concentrations as
a result of the intervention. These results demonstrating greater differences in mean blood
pressure improvements in subgroups with poorer baseline health (i.e., higher baseline blood
pressure) provide evidence supporting the hypothesis that susceptible populations will
benefit most from interventions that reduce air pollution exposures.

Hypothesized mechanisms regarding the biologic plausibility for the cardiovascular health
effects of air pollution involve multiple pathways, which can include pulmonary and
systemic inflammation and oxidative stress, vascular alterations, and altered cardiac
autonomic function (Pope and Dockery, 2006; Brook et al., 2010). A few studies have
examined potential mechanistic pathways involving air pollution due to biomass-burning.
Ray et al. (2006) reported increased activation of platelets and formations of platelet-
leukocyte complexes among biomass users compared to liquid petroleum gas users in India.
Barregard et al. (2006) reported small exposure-related increases in inflammatory mediators,
such as Serum Amyloid A and Factor Vlllc, after a four-hour controlled exposure to wood
smoke. Finally, McCracken et al. (2011) observed reduced occurrences of ST-segment
depression (a measure of ventricular repolarization) following a wood-burning chimney
stove intervention. Evidence from the ambient air pollution literature suggests that older
(National Research Council, 2004), obese (Delfino et al., 2010; Dubowsky et al., 2006;
Kannan et al., 2010), those with existing hypertension (Auchincloss et al., 2008), or
socioeconomically disadvantaged (O’Neill et al., 2003) groups of people may be more
susceptible, potentially due to underlying chronic inflammation (Huang et al., 2012; Libby
et al., 2002), to the adverse health effects of increased air pollution exposures.

Although we observed improvement in blood pressure following one year of Eco-stove use
for certain subgroups, it is possible that the full potential of the cookstove intervention was
not realized among the entire population due to incomplete adoption of the new stove and
mixed use of the traditional and new stove. Nearly half of the study population reported
continued use of the traditional stove either alone or in conjunction with the Eco-stove; lack
of complete and sustained adoption has previously limited cookstove intervention impacts
(Pine et al., 2011; Ruiz-Mercado et al., 2011), although adoption is not always reported. We
observed a 77% reduction in indoor PM concentrations approximately one year after the
installation of the Eco-stove; however, the post-intervention concentrations were still
relatively high, particularly compared to standards for ambient air pollution in developed
countries (WHO, 2005). Smith and Peel (2010) recently demonstrated that the exposure—
response relationship for particulate matter and cardiovascular disease risk, which begins to
plateau at relatively high PM doses (Pope et al., 2009), implies much larger public health
benefits for cookstove interventions that achieve relatively low PM doses (i.e. those
typically experienced in relatively clean ambient environments). Therefore, the post-
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intervention mean pollution concentrations may not have been low enough to produce an
even larger impact on blood pressure.

This study may be limited by misclassification of blood pressure if measures on one day
during each year of the study are not typical of longer-term blood pressure levels; this would
likely result in non-differential misclassification. Although we compared blood pressure
changes within person over time, thus eliminating confounding by between-person factors,
we cannot rule out the potential for confounding by time-varying factors (e.g., age, diet, or
health policy changes; or changes in other exposures, such as trash burning outside) due to
the lack of a control arm in the study. For a factor to act as a confounder it would need to
have changed systematically over time (e.g., either increased or decreased from pre- to post-
intervention). Neither we nor our local partners are aware of any health policy change or
intervention that occurred simultaneously with our cookstove intervention. Age-related
increases in blood pressure are well-described (Pearson et al., 1997; Franklin et al., 1997);
for example, systolic blood pressure remains relatively stable until around age 40 in healthy
women, then increases by 5-8 mmHg per decade (Pearson et al., 1997). If small age-related
increases in blood pressure occurred in this study population over the course of the one-year
follow-up, then the impact of the stove intervention is likely underestimated. Changes in
dietary habits within person over the course of the study could also confound results.
Although resources, and therefore types of foods consumed, likely did not change over the
course of the one-year follow-up, it is possible that foods were prepared differently with the
introduction of the p/ancha stove top. We did not systematically measure any potentially
time-varying factors that may have confounded the results and therefore were not able to
adjust for these changes if they occurred. Another limitation is that we cannot rule out the
possibility that the observed blood pressure reductions among the subgroups are due to
regression to the mean (Barnett et al., 2005); however, those with elevated baseline blood
pressure were those with known risk factors (i.e. older, obese) for high blood pressure.
Additionally, defined subgroups (i.e. obesity, age, education) were not independent of each
other, limiting our ability to distinguish the independent impact of each factors. Finally,
given that not all women in El Fortin were eligible and communities in other locations are
different, our results may not be generalizable to all populations (e.g. different stove types
and cooking practices may influence results). Despite these limitations, strengths of this
study include longitudinal measures that were taken during the same season and
approximate time of day, the selection of a study community with no other major sources of
air pollution (i.e. major roads), the evaluation of subgroups that may benefit most from
cookstove interventions, and a relatively long follow-up (post-intervention measures taken
272 to 383 days after the introduction of the Eco-stove).

Conclusion

Household air pollution from biomass combustion accounts for an estimated 2.0 million
premature deaths per year worldwide, representing about 3.3% of the global disease burden
(WHO, 2009). However, these estimates are based on extrapolation, primarily from
observational studies of respiratory effects (Bruce et al., 2002; Ezzati and Kammen, 2002;
Naeher et al., 2005; Smith, 2002). Cardiovascular disease is a growing and under studied
disease in developing countries (Reddy, 2004; Yusuf et al., 2001; Yusuf et al., 2004;
Narayan et al., 2010), and it is the leading cause of death in Nicaragua (PAHO, 2007). The
importance of blood pressure, even within the normotensive range, as a risk factor for
cardiovascular disease is well accepted (Urch et al., 2005; Vasan et al., 2001); a 2 mmHg
downward shift in population average systolic blood pressure could result in 10% lower
mortality (Lewington et al., 2002). Therefore, changes in the range observed in our study
could result in a large public health impact. Additionally, the increasing prevalence of
obesity in many developing countries, including those of Latin America, is a growing
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concern (Bautista et al., 2009; Martorell et al., 2000). Our results suggest that people with
certain risk factors (i.e. age, obesity) for elevated baseline blood pressure may be more
likely to experience post-intervention improvements in blood pressure. Although these
results are supported by evidence from the ambient air pollution literature, this is the first
study to compare and describe differences in blood pressure reductions between these
subgroups in the context of a cookstove intervention study.
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Practical Implications

Nearly half the world’s population is regularly exposed to extremely high household air
pollution concentrations from the use of traditional, inefficient and poorly vented indoor
cookstoves. Cleaner-burning stove designs have the potential to substantially reduce
pollutant emissions and indoor air pollution exposures; however, few studies have been
conducted to evaluate cardiovascular health improvements following a cookstove
intervention. In this longitudinal intervention study using a cookstove that reduced
average indoor particulate matter concentrations by 77%, we observed greater systolic
blood pressure improvements among certain subgroups of the population (e.g., older and
obese participants). These results demonstrating greater differences in mean blood
pressure improvements in subgroups with poorer baseline health (i.e., higher baseline
blood pressure) provide evidence supporting the hypothesis that susceptible populations
will benefit most from interventions that reduce air pollution exposures.

Indoor Air. Author manuscript; available in PMC 2014 April 01.




1duosnuey Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Clark et al.

Indoor PM, 5 (ug/ms)

Baseline:
Mean, 1801
SD, 1587
GM, 1172
Post-Intervention:
5000 - Mean, 416
SD, 523
GM, 208
4000 A
3000 A
[
2000 A
e
o
1000 -
0 .
T
Post-
Intervention
Figure 1.

Pollutant concentration distributions at baseline and post-intervention (for indoor PM> s,
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n=25; for indoor CO, n=32; for personal CO, n=30). SD, standard deviation; GM, geometric
mean; GSD, geometric standard deviation; the lower boundary of the box (closest to zero)

indicates the 25th percentile, a line within the box marks the median, and the upper

boundary of the box (farthest from zero) indicates the 75th percentile. Error bars above and
below the box indicatethe 90th and 10th percentiles.
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