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Include an “At a Glance Commentary” which addresses the following two issues:
Hypertensive disease during pregnancy is a major cause of mortality and morbidity in
pregnant women and their developing fetus. Exposure to household air pollution has been

demonstrated to increase the risk of adverse pregnancy outcomes, but there are no
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randomized, controlled interventions that have investigated the efficacy of clean fuels in

mitigating challenges related to hypertension in pregnant women.

Scientific Knowledge on the Subject, and What This Study Adds to the Field. The entire
""At a Glance" section should not exceed 200 words. Please note that this same text
should be included at the end of your Manuscript

In the first randomized, controlled intervention study to investigate the role of improved
cooking fuel on BP changes during pregnancy, we show that ethanol fuel for cooking led to
significant reductions in diastolic BP and prevalence of systemic hypertension. In this study,
pregnant women who cooked initially with kerosene or firewood were randomized into either
an intervention group that cooked with a CleanCook ethanol stove or a control arm that
continued to cook-with kerosene ot firewood. We demonstrate the ability ofa cleansbutning
ethanol cookstove to reduce diastolic BP and hypertension during pregnancy and the potential

for clean cooking fuels to reduce adverse health impacts associated with HAP.



Abstract

Rationale: Hypertension during pregnancy is a leading cause of maternal mortality.
Exposure to household air pollution (HAP) elevates blood pressure (BP).

Objectives: Investigate ability of clean cookstove intervention to lower BP during
pregnancy.

Methods: A randomized, controlled trial (RCT) was conducted in Nigeria. Pregnant women
cooking with kerosene or firewood were randomly assigned to ethanol (n = 162) or control
arms (n = 162). BP measurements were taken during 6 antenatal visits. Primary analysis
compared ethanol users with controls. Subgroup analyses compared baseline kerosene users
assigned to intervention with kerosene controls and baseline firewood users assigned to
ethanol with firewood controls.

Measuremeénts)and Main/-Results?) [The) change/ in)diastolic BP (IDBP) | over timeawas
significantly different between ethanol users and controls (p = 0.040); systolic BP (SBP) did
not differ (p = 0.86). In subgroup analyses, there was no significant intervention effect for
SBP;asignificant-difference’ for DBPr(p =.0:031)-existed among pre=intervention-kerosene
users. At last visit, mean DBP was 2.8 mmHg higher in controls vs. ethanol users (3.6 mmHg
greater in controls vs. ethanol users among pre-intervention kerosene users); 6.4% of controls
were hypertensive (SBP > 140 and/or DBP > 90) vs. 1.9% of ethanol users (p=0.051).
Among pre-intervention kerosene users, 8.8% of controls were hypertensive compared to
1.8% of ethanol users (p=0.029).

Conclusions: This is the first cookstove RCT examining prenatal BP. Ethanol cookstoves
have potential to reduce DBP and hypertension during pregnancy. Accordingly, clean
cooking fuels may reduce adverse health impacts associated with HAP.

Word count (Abstract) =250
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Key terms (3-5 keywords only): ethanol cookstove intervention, hypertension,

pregnancy, household air pollution, blood pressure

Introduction

Approximately 40% of the global population uses solid fuels (wood, crop wastes, charcoal,
coal, dung) for daily energy needs.(1) In sub-Saharan Africa, 75% of households use solid
fuels for cooking and heating. Burning solid fuels in traditional stoves results in incomplete
combustion, which produces high levels of household air pollution (HAP) and levels of fine
particulate matter (PM) that far exceeds the World Health Organization’s (WHO) indoor air
quality guidelines.(2) Exposure to HAP is the eighth leading risk factor for global disease
burden, contributing to 2.9 million deaths in 2015.(3) The majority of HAP-associated
morbidity | Jand) “morntality —~oceuts ) ifi Slows [ "\to ~miiddle-income | (countries, ~(LMICs)
disproportionally impacting women and children.(4) An estimated 60% of HAP-related

deaths are due to cardiovascular disease.(5)

Additionally, over 500 million households worldwide use kerosene,(6) another important
contributor to HAP. Known health impacts of kerosene smoke exposure include small-for-
gestational-age babies and increased risk of tuberculosis.(7, 8) Accordingly, WHO has

discouraged using kerosene for household energy needs.(9)

PM exposure is associated with elevated BP.(10-12) Studies of ambient PM have shown that
variances in long-term exposures as small as 2 pg/m’ can result in differences in BP as high
as 3.1 mmHg.(10, 13, 14) Exposure to ambient air pollution has been associated with adverse
pregnancy outcomes (15-18); HAP exposure is also a risk factor for increased BP.(19-21)

Interventions aimed at reducing HAP exposures through use of advanced biomass stoves



(stoves that are cleaner burning or more efficient than traditional stoves) have resulted in
reductions in BP.(22-24) The exact mechanism of PM-induced BP changes is unclear; it
likely involves oxidative stress, endothelial injury, systemic inflammation, and thrombosis,

eventually resulting in atherosclerosis and increased peripheral vascular resistance. (25, 26)

BP changes have important implications for hypertensive disorders in pregnancy. Gestational
hypertension is a leading cause of maternal mortality complicating about 7% of
pregnancies.(27) In LMICs, pregnancy-induced hypertension accounts for 10-15% of
maternal deaths.(28) Preeclampsia, defined by gestational hypertension and end-organ
dysfunction, is the most severe gestational hypertensive disorder. It is responsible for 15% of
preterm births and is associated with a fivefold increase in perinatal mortality.(27) Severe
gestational hypertension 1s asseciated)with)prematurity) and small-for-gestational-agerbabies.

27)

Pregnantywomen and their |fétuses are-yulnerable-torimpacts, of HAP~exposutebecause the
women do most household cooking. Maternal exposure to PM;s (PM less than 2.5um in
diameter) from biomass and kerosene smoke can cause elevated BP, which may explain
associations between HAP and increased risk of low birthweight and stillbirth in meta-
analysis. (29) Evidence of effects of prenatal HAP exposure on changes in BP and
cardiovascular health in women from LMICs is essential for protecting the health of mothers

and their fetuses.(30)

Optimal BP control during pregnancy is critical for maternal-fetal health. The impact of using
dirty fuels is currently unquantified. Though some studies have studied the impact of

advanced biomass stoves on respiratory health (31), no studies have evaluated the effects of
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using clean fuels on BP changes during pregnancy. Clean-burning fuels may reduce HAP
exposure and achieve WHO Indoor Air Quality Guidelines for household fuel
combustion.(32) Therefore, evaluation of the effects of reducing HAP exposure on BP

during pregnancy is crucial.

In Nigeria, over 90 million households cook with solid fuels and approximately 23% use
kerosene for household energy.(33) This randomized, controlled trial (RCT) investigated the
impact of clean-burning ethanol cookstoves on BP in pregnant women who cooked
predominantly with kerosene or firewood prior to enrollment in Ibadan, Nigeria. Some of the

results of these studies were previously reported as an abstract.(34)

Methods

Institutional review boards at the University of Ibadan (Ibadan, Nigeria) and the University of
Chicago (Chicago, USA) approved this study.

Study,population: This RCT was conductedibetweenJune 2013 jand October-201 5with 324
pregnant women (predominantly Yoruba descent) living in Ibadan, Nigeria, a city of over 3
million. Pregnant women were screened for eligibility when visiting one of four primary
health care centers (PHCs) in Ibadan or adjoining peri-urban areas. Reported numbers of
births at these PHCs from 2013 to 2015 ranged from 555- 796 (Agbongbon), 721-867

(Oranyan), 38-88 (Ijaye), and 44-62 (Olorishaoko).

Eligible women had to be their household’s primary cook, <18 weeks pregnant (determined
by self-reported first day of last known menstrual period and ultrasound biometry), and use
wood and/or kerosene as their primary cooking fuel. Randomization was not stratified by

type of primary cooking fuel because when the study began only women using wood-burning



stoves were intended to be included. Due to the lower-than-expected number of such
families, the study was expanded to include kerosene controls. The secondary analyses
stratify (post-hoc) by pre-intervention stove type. Women were excluded if they were HIV
positive, smoked, lived with a smoker, cooked for a living, or had a high-risk pregnancy
(multiple gestations, uncontrolled maternal hypertension, >35 for first delivery, three or more

miscarriages, or Caesarean-section).

Enrollment. Upon presentation at an eligible PHC, women were given a detailed study
description, participation requirements, and associated benefits and risks. Consenting women
were evaluated against inclusion and exclusion criteria, asked to give written consent, and

indicate their primary cooking fuel.

Consented women were stratified by parity (<=4 vs. >4 children) and presence of diabetes,
then randomized using the method of permuted blocks and the MT64 random number
generator in STTATA (College Station, (FX)(35) REDCap’s web=based randomizationmodule
conveyed the assigned treatment. Of 324 women, 50% were assigned to the ethanol stove
group (111 used kerosene; 51 used firewood pre-intervention). These women were given a
two-burner, aluminum CleanCook ethanol stove (CLEANCOOK Sweden AB) and an initial
supply of fuel during a home visit between 16-18 weeks gestational age (GA);
comprehensive training regarding dangers of smoke exposure and proper use of the ethanol
stove were provided simultaneously. Additionally, staff observed each woman use the stove
for the first time and hung the stove manual in their kitchen. The control group continued to
use their kerosene (n=104) or firewood stove (n=58). They were given education on dangers
of smoke exposure and were encouraged to reduce smoke exposure through behavioral and

environmental modification.
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Data Collection. Data collection began the day of study enrollment. An interview with
structured questionnaire was administered in the local language (Yoruba) to gather
information on socio-economic status, education, obstetrics history, current health status, past
medical history, and family history. Afterwards, when participants had been seated for at
least 10 minutes, a trained nurse took BP measurements. An automatic BP monitor
(Microlife BP 3BM1-3, Switzerland) measured systolic BP (SBP) and diastolic BP (DBP) in
the supported left arm of the seated participant. The monitor automatically takes 3
consecutive readings and calculates an averaged result. BP measurements were taken during
the first PHC visit (before randomization) and at each subsequent visit (approximately 20, 26,
30, 34, and 38 weeks GA), totaling 6 serial BP measurements. Figure 1 depicts a detailed

breakdown of the/study flow-and data collection.

All data were collected on paper case report forms by staff and entered into Dell tablets
(Venuer8 pro)jon the sam¢ day. Two\additional data techniciansyverified the data-entered into
the tablet with the paper copies. All data were synced to a secure server at Healthy Life for
All Foundation (Ibadan, Nigeria) and sent to a secure site at the University of Chicago
weekly, where a biostatistician checked again for completeness and anomalies. The field

team corrected flagged erroneous values.

Data Analysis. Baseline categorical data are summarized by frequency distributions, while
continuous variables are summarized by mean, standard deviation (SD), and range. Analysis
of longitudinal BP measurements was performed using mixed-effects regression models.(36)
Two different models were fitted. The first grouped the post-randomization data by visit and

used the pre-intervention BP as a covariate. Subjects were treated as a random effect



(allowing for correlation within subject). Fixed effects were a group indicator variable
(ethanol vs. control), visit, and group-by visit interaction terms. Letting y;; denote the
measurement for subject i at post-intervention visit j (j = 2,3,...6), the model is
Vij = B1Yi1 + (B2 + Bor&)vijp + (B3 + B3rd)vijz + -+ (B + Perd)vije + a; + €55 (1)

where y;; is the baseline BP obtained at pre-intervention visit 1, § is an indicator variable for
treatment group, V;jy, Vjj3, .-, Vjje are indicator variables specifying the visit number at which
the measurement was obtained, a; is the random subject effect, and €;; is residual error.
Under this parameterization, 57, B3, Bar P57, and Bgr are the treatment group differences at
visits 2, 3, 4, 5, and 6, respectively. A joint test of the null hypothesis Sy = B37 = Bar =
Bsr = Ber = 0, based on five degrees-of-freedom (df), was performed to determine the

statistical significance of the effect of the intervention.

Because BP is known to decrease, then rise during pregnancy (37, 38), we also fit a mixed
effects model quadratic in time, using the exact date of each visit relative to the date of
randomization.—This model, which ‘included both random subject intercept and slope terms,’is
given by
YVij = Bo + Biyi1 + B26 + (Bs+BuO)tij + (Bs+BsO)tF + a; + bit;j + €45, @)

where y;, is the baseline BP treated as a covariate, a; and b; are the random intercept and slope
for subject i, and €;; is the residual error. This model is less robust than model (1), but provides a
potentially more powerful, three degrees-of-freedom test of the overall treatment effect (5, = B, =
Be = 0). We assessed whether the quadratic model provided a good fit to the data by examining the

trend in BPs over time using a locally weighted smoother (LOWESS) (44) and by examining residual
diagnostic plots from the fitted regression curves. Models (1) and (2) were compared using the

Akaike information criterion (AIC).
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The primary analyses compared the ethanol (E) and control (C) arms. However, the
firewood and kerosene groups were recruited from different areas within Ibadan. Kerosene
users were primarily urban, while firewood users mostly lived in peri-urban areas. To
investigate the impact of possible differences in ambient exposures, lifestyle differences, and
different traditional cooking fuels, subgroup analyses are presented in addition to the main
comparison. Baseline kerosene users randomized to ethanol are denoted as group K—E
(switched from kerosene to ethanol), and baseline kerosene users randomized to control
(continued kerosene use) as K—K.  Similarly, baseline firewood users randomized to
ethanol or control, are denoted F—E and F—F, respectively. Subgroup analyses compared
ethanol to kerosene among the subgroup of kerosene users at baseline (K—E vs. K—K), and

ethanol to firewood among the subgroup of firewood users at baseline (F—E vs. F—F).

In addition to longitudinal analysis of BP measurements, patients were categorized as normal
(SBP <120 and DBP <80 mmHg), pre-hypertensive (SBP 120-139 or DBP 80-89 mmHg), or
hypertensive (SBP 140/ and/or DBP>\90 mmHg)rat their)fimal-prenatal vasit:, ~ Eisher/s
exact test was performed to compare frequencies across the three classes in the two treatment
arms (3x2 table) as well as the number of frankly hypertensive women in each group (i.e.,

hypertensive vs. pre-hypertensive/normal).

Results

Study Population. In total, 324 women were randomized into the trial, 162 to ethanol and
162 to control. This study population consisted of 215 baseline kerosene users randomized to
ethanol (K—E: n=111) or kerosene (K—K: n=104), and 109 baseline firewood users

randomized to ethanol (F—E: n=51) or firewood (F—F: n=58).



Table 1 shows baseline clinical and demographic variables by intervention arm. Overall, few
participants had diabetes and most had two or fewer children at enrollment. Mean age was
approximately 28 years (range 14-42). Mean body mass index (BMI) was approximately 24
kg/m2 (range 14-45). Education varied from none to beyond high school. Mean GA at entry
was 13 weeks. Over 25% of the women had prior miscarriage, and 8% had prior stillbirth.
Randomization resulted in similar baseline distributions in the ethanol and control arms. Of
note, baseline firewood users tended to reside in peri-urban regions (69% vs. 13%), had more
children (8.2% with >4 children vs. 2.8%), and received less education (56% none vs. 22%)

than baseline kerosene users.

Table 2 provides-descriptive Statistics/ on ' BP[levels) over time!l” |Supplemental ZTable S1
provides the same statistics stratified by type of stove use at entry. Mean BP values
decreased and then rose to baseline levels or higher over the course of the pregnancy.
Figuresy2A and 2B show plots of individuah BP values vs. time since randomization fon SBP
and DBP, respectively. The solid lines are LOWESS curves depicting the overall trend in BP
over time in the two treatment groups. The curves confirm the expected pattern of decline in
BP during early-to-mid pregnancy followed by a rise during the third trimester. Mean values
(= SE) grouped by visit number are shown in Figures 3A and 3B. From the mixed effects
model (1), the post-randomization differences in SBP between the ethanol and control groups
are not statistically significant adjusting for the baseline (pre-intervention) values (yZ =
1.93,p=0.86). The DBP profiles, however, differed significantly between the two groups
(x2 = 11.66, p=0.040). Results obtained from fitting the quadratic model (2) were similar
(SBP: y2 = 1.57, p=0.67; DBP: x2 = 10.19, p=0.017). Based on the AIC criterion, in both

instances the quadratic model provided the better fit, but the basic findings are the same.
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Analysis of mean BPs at the final time point (visit 6) also yielded similar results. SBPs were
not significantly different (mean + SEM, E: 111.5 + 0.99 mmHg vs. C: 112.8 = 1.20 mmHg,
p=0.40 by two-sample t test), whereas mean DBPs differed significantly (E: 70.1 + 0.70

mmHg vs. C: 72.9 + 0.87 mmHg, p=0.014).

Results of analyses of the subgroup of participants who were kerosene users at baseline are
summarized in Figures 4A and 4B for SBP and DBP, respectively. (Scatter and LOWESS
plots are available as Supplemental Figures 1A and 1B.) There was no statistically significant
intervention effect on SBP (model 1 y2 = 2.75,p=0.74; model 2 y2 = 0.91, p=0.82) but
there was a significant effect for DBP (model 1 yZ = 12.29, p=0.031; model 2 x3 =
10.40, p=0.016=). The mean difference in DBP between the ethanol and control arms at the
final visit was 3 .6-mmHg among baseline kerosene/users (mean £,SEM,(E-70.9.+.0-85 ws. C;
74.5 £ 1.16, p=0.011). Figures 5A and 5B (and supplemental Figures 2A and 2B) show
results for the subgroup of firewood users at baseline. No statistically significant differences
emerged)fot] ¢ifher|SBP/ (model 1 2 |5 469, p=0:45) model 2) 3= 3.44, p=0.33), or DBP

(model 1 y2 = 5.24, p=0.39; model 2 y2 = 2.09, p=0.55).

Table 3 shows the number of participants with normal BP, pre-hypertension, or hypertension
at their last prenatal visit. Hypertensives were further subdivided according to systolic
hypertension, diastolic hypertension, or both. The percentage of participants with
hypertension in the different intervention groups was compared using Fisher’s exact test. The
results parallel those above from the longitudinal analyses. In the overall ethanol and control
comparison, there was a borderline significant difference in the proportion of patients with

hypertension, with fewer in the ethanol group than in the control arm (1.9% vs. 6.4%,



p=0.051). This difference reached statistical significance in the subgroup of baseline kerosene
users (p=0.029). Results from the 3x2 table analyses (normal, pre-hypertensive, or
hypertensive by treatment group) were slightly weaker but still favored the ethanol group.
Only one woman in each intervention arm was hypertensive at the last prenatal visit within

the subgroup of baseline firewood users.

Discussion

There have been several epidemiologic studies on HAP and BP, including a recent paper by
Quinn et al. (39) highlighting the positive association between exposure to carbon monoxide
and DBP in pregnant women.(21-24, 39, 40) However, this study is the first cookstove RCT
to examine serial BP levels of pregnant women. Study results reveal statistically significant
differences itf [DBP| profiles-when: ¢omparing pregnamnt|women in intetrvention and|control
arms (p=0.0051). Lower BP during late pregnancy was observed among the ethanol users
compared to control subjects. Subgroup analyses indicate that this difference is driven by BP
differences/between| kerosene users\ randomized -toyethanoly versus ckerosene (users (n| the

control group.

For uncomplicated pregnancies, SBP and DBP decrease in early and mid-pregnancy, but
sustained increases in both SBP and DBP occur during the 3rd trimester through the post-
partum period.(37, 38) Rebelo and colleagues (38) found that excessive weight gain early in
pregnancy was associated with greater increases in both SBP and DBP. In our cohort, similar
physiologic changes in both SBP and DBP were observed in the ethanol and control arms
during pregnancy. However, the women in the intervention group who were younger than
women in the Brazilian study conducted by Rebelo et al. and had normal BMI had

significantly lower DBP at the end of pregnancy relative to controls.(38) A higher percentage
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of women in the control group also developed systolic and diastolic hypertension near

delivery.(38)

Compared to other studies of HAP and BP, our finding of a difference of approximately 3
mmHg in DBP is similar to that previously reported in McCracken et al.’s RCT.(23)
However, their study (23)focused on elderly women with low BP over an 18-month period,
where SBP was also reduced. A reduction in BP, beginning at about 100-120 days post-
randomization (30-34 weeks gestation) and rising to approximately 3 mmHg toward the end
of pregnancy, is clinically significant, as it has the potential to reduce the risks of
cardiovascular complications such as preeclampsia and eclampsia that can lead to adverse
pregnancy outcomes. The reduction of BP to this degree has not been previously observed in

a[cookstoye|RC T that involved @wyoung cohott such/as this one.

Most investigations of the health effects of HAP have focused on biomass fuels, but recently,
therehas \beenra 'surge/in jevidence\ pomting jtoward) the toxicity-of keroseneIm ascross-
sectional study conducted in Bangalore, India, Choi et al. (41) found an increased risk of
respiratory illness associated with kerosene fuel use among urban-dwelling women relative to
those cooking with liquid petroleum gas (LPG).(41) Bates and colleagues (42) investigated
the association between household cooking fuel type and acute lower respiratory infections
(ALRI) in young children in Nepal.(42) Their case-control study showed a positive
association between 3 fuel types (LPG, kerosene, and biomass) and ALRI relative to use of
electricity for cooking. Notably, the odds ratio (OR) for kerosene stove use compared to
electricity was similar to the OR for biomass stove use compared to electricity (2.33; 95% CI:
1.40, 3.86 and 2.13; 95% CI: 1.34, 3.41, respectively). Additionally, a study conducted in

Nepal by Pokhrel and colleagues (7) on the risk factors for pulmonary tuberculosis reported



stronger associations with kerosene cooking (OR = 3.36; 95% CI: 1.01, 11.22) than cooking

with biomass (OR = 1.21; 95% CI: 0.48, 3.05).(7)

These studies, and others, have led WHO to discourage the use of kerosene for household
cooking until further research is conducted.(1) This RCT provides further evidence on
kerosene’s detrimental health effects. Specifically, this is the first study to demonstrate
elevated BP levels in pregnant women using kerosene for cooking compared to cooking with
an ethanol stove that meets ISO IWA tier 4 cookstove performance standards for indoor

emissions.(43)

This study demonstrates that clean cookstove interventions have the potential to impact the
health | of) pregnant women, -though [intetyention”is’ both achallenging task and, ajcomplex
process.(44) This is true even in urban settings where ambient concentrations of PM can be
high enough to potentially reduce the impact of a clean-burning cookstove on personal

EXposurcs:

A limitation of the study is the smaller number of firewood users enrolled into the trial. As a
consequence, the lack of any statistically significant difference in favor of ethanol in this
subgroup may be due to insufficient power. Additionally, as part of the education program,
both groups were informed about potential harmful effects of smoke exposure, and the
control group was encouraged to cook in ventilated rooms or outside to reduce their
exposure. The training given to the control group may have artificially lowered their exposure
throughout the duration of the study; however, this cannot be verified, as everyone in the
control group received this education. Although not shown here, more stacking (combining

usage of the intervention stoves with the traditional ones) was observed in firewood users
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randomized to ethanol than kerosene users randomized to ethanol, potentially decreasing the
impact of the intervention on firewood users. This is likely due to the differences in cooking

styles of firewood users compared to kerosene users.

Another limitation is that, over time, the number of patients with blood pressure readings
available declined from n=320 at baseline to n=286 at visit 6 (approximately 11%). The
mixed effects regression model assumes that these values are "missing at random (MAR),"
which means that the missingness is unrelated to the true (but unobserved) value, although it
can depend on previous observed values and therefore with longitudinal data MAR is not
considered a restrictive assumption. MAR would be violated if, for example, patients with
high (low) blood pressure dropped out of the study before their elevated (reduced) pressures

were observied!

A strength of these findings is that the differences in longitudinal profiles in DBP were
followed by borderline’ significant (primary, comparison) or-significant |(kerosene subgroup)
differences in the rates of evident hypertension. These differences occurred after only 6
months of cookstove use in a relatively young cohort, which shows the potential for the
CleanCook stove to impact health in a relatively short timeframe. A weakness is the lack of a
concomitant significant difference in SBP, although SBP levels were consistently higher in

the control arm.

Hypertension during pregnancy is a risk factor for numerous health effects including preterm
delivery and small-for-gestational-age babies and is a leading cause of maternal and perinatal
mortality. The statistically significant difference in rates of hypertension between control and

intervention groups illustrate the damaging impact of prenatal HAP exposure and may



explain why HAP has been associated with an increased risk of low birthweight and stillbirth

in meta-analysis.(29, 45, 46)

This paper provides evidence that cooking with an ethanol-burning cookstove can positively
impact BP. This reduction not only reduces pregnancy risks, but also the wider burden of

disease for those exposed to HAP.
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Tables

Table 1. Baseline Demographic and Clinical Distributions by Intervention Arm

Variable Ethanol Control
(n=162) (n=162)
Clinic
Agbongbon 76 (47.2%) 68 (42.2%)
Olorisaoko 43 (26.7%) 47 (29.2%)
Oranyan 42 (26.1%) 46 (28.6%)
Missing 1 1
Diabetic
Yes 2 (£2%) 3 (1.9%)
No 159 (98.8%) 158 (98.1%)
Missing 1 1
Number of
Children
None 41 (25.5%) 42 (25.9%)
1-2 72 (44.7%) 71 (43.8%)
3-4 37 (23.0%) 45 (27.8%)
>4 11 (6.8%) 4 (2.5%)
Missing 1 0
Marital Status
Single 17 (10.6%) 7 (4.3%)
Married 143 (88.8%) 155 (95.7%)
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Separated 1 (0.6%) 0 (0.0%)
Missing 1 0
Age (years)
Mean, SD 28.0, 6.1 279,54
(range) (15-44) (14 -42)
Missing 10 12
BMI (kg/m’)
Mean, SD 23.2,4.2 24.7,5.3
(range) (14.2-36.2) (17.1 - 45.0)
Missing 10 12

Education Level

None 510 (31:7%) 58 (358%)

Primary 16 (9.9%) 17 (10.5%)
School

Junior 9 (5.6%) 13 (8.0%)
Secondary

Senior 68 (42.2%) 60 (37.0%)
Secondary

High School 10 (6.2%) 6 (3.7%)

Polytechnic 7 (4.4%) 6 (3.7%)

University 0 (0.0%) 2 (1.2%)
Missing 1 0

Literate

Yes 100 (62.1%) 92 (56.8%)




No 61 (37.9%) 70 (43.2%)
Missing 1 0
Gestational Age
at Entry (weeks)
Mean, SD 12.9,3.0 13.1,3.0
(range) (6.7-18.0) (7.1-18.0)
Missing 3 5
Prior
Miscarriage
Yes 43 (26.7%) 47 (29.0%)
No 118 (73.3%) 115 (71.0%)
Missing 1 0
# of
Miscarriages
None 118 (73.3%) 115 (71.0%))
1 30 (18.6%) 36 (22.2%)
2 10(6.2%) 7 (1.8%)
=3 3 (1.9%) 4 (2.5%)
Missing 1 0
Prior Stillbirth
Yes 12 (7.4%) 14 (8.6%)
No 149 (92.6%) 148 (91.4%)

Missing

1

0
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Table 2. Mean Systolic and Diastolic Blood Pressure at Each Prenatal Visit

Ethanol Control

N Mean  SD N Mean SD

mm Hg mm Hg

Visit1  SBP | 161 1104 119 ] 159 111.3 10.8
DBP | 161 692 95 | 159 70.0 103
Visit2 SBP | 150 107.2 114 ] 153 109.0 10.5
DBP | 150  66.7 83 | 183 66.3 8.6
Visit3 SBP | 148 1076 110 | 144 108.7 10.5
DBP | 148  67.1 7.9 | 144 67.3 8
Visit4 SBP | 150 108.3 10.3 | 146 109.9 11.1
DBP § 151 665 9.1 | 146 68.2 8.2
Visits SBP | 149 1095 122 ] 135 111.0 111
DBP | 148 689 83 | 135 70.0 9.0
Visit6  SBP | 148 1115 121 ]| 138 112.8 14.1

DBP | 148 701 8.6 | 137 72.9 10.2

SD: standard deviation; Visit 1: baseline, Visits 2-6: post randomization



Table 3. Prevalence of hypertension at last visit prior to delivery

A. Ethanol vs. Control

Arterial blood pressure Ethanol (E) Control (C) P value
(n=158)" (n=155)"
Normal (SBP <120 and DBP <80 mmHg) 118 (74.7%) 106 (68.0%)
Pre-hypertension (SBP 120-139 and DBP
37 (23.4%) 39(25.2%)
80-89 mmHg)
Hypertension (SBP > 140 and/or DBP > 0.051°
3 (1.9%) 10 (6.4%)
90 mmHg)
Fisher’s exact test, 3x2 table: p=0.106
B. K—E vs. KK
Alrterial blood pressure (K=E) (K=K) P value
(n=110)* (n=102)"
Normal (SBP <120 and DBP <80 mmHg) 79 (71.8%) 66 (64.7%)
Prethypertension (SBR120-139 and'DBP
29 (26.4%) 27 (26.5%)
80-89 mmHg)
Hypertension (SBP > 140 and/or DBP > 0.029°

90 mmHg)

2 (1.8%)

9 (8.8%)

Fisher’s exact test, 3x2 table: p=0.065
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C. F—E vs. F—F

90 mmHg)

Arterial blood pressure (F—E) (n=48)" (F—F) P value
(n=53)*
Normal (SBP <120 and DBP <80 mmHg) 39 (81.2%) 40 (75.5%)
Pre-hypertension (SBP 120-139 and DBP
8 (16.7%) 12 (22.6%)
80-89 mmHg)
Hypertension (SBP > 140 and/or DBP > 1.0°
1(2.1%) 1 (1.9%)

Fisher’s exact test, 3x2 table: p=0.81

*Numbers differ from total enrolled due to missing data; ®Fisher’s exact test: Hypertensive vs.

non-hypertensive
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Figure legends

Figure 1. Visual representation of study flow and data collection. The number randomized
per treatment group and the number of subjects with blood pressure data available at each
clinic visit are also shown.

Figure 2A. SBP by Time Since Randomization and LOWESS curves— All Participants
(Red: Ethanol, Blue: Control).
Figure 2B. DBP by Time Since Randomization and LOWESS curves— All Participants
(Red: Ethanol, Blue: Control).

Figure 3A. Mean SBP by Visit — All Participants
(Red: Ethanol, Blue: Control). Error bars indicate one standard error. BL: Baseline.
Figure 3B. Mean DBP by Visit — All Participants
(Red: Ethanol, Blue: Control). Error bars indicate one standard error. BL: Baseline.

Figure 4A. Mean SBP by Visit — Baseline Kerosene Users
(Red: Ethanol, Blue: Control), Error bars indicate one standard error. BL: Baseline.
Figure 4B. Mean DBP by Visit — Baseline Kerosene Users
(Red; Ethanol;Bluei Gontrob); Etror bats indicate one standard error) BL: Baseline:

Figure SA. Mean SBP by Visit — Baseline Firewood Users
(Red: Ethanol, Blue: Control), Error bars indicate one standard error. BL: Baseline.
Figure SB. Mean DBP by Visit — Baseline Firewood Users
(Red:Ethanol; Blue: Control), Efror bars-indicateone-standard error.) BL.y-Bas¢ling:
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Figure 1. Visual representation of study flow and data collection
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Figure 2A. SBP by Time Since Randomization and LOWESS Curves— All Participants
(Red: Ethanol, Blue: Control).
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Figure 2B. DBP by Time Since Randomization and LOWESS Curves— All Participants
(Red: Ethanol, Blue: Control).
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Figure 3A. Mean SBP by Visit — All Participants
(Red: Ethanol, Blue: Control). Error bars indicate one standard error. BL: Baseline.
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Figure 3B. Mean DBP by Visit — All Participants
(Red: Ethanol, Blue: Control). Error bars indicate one standard error. BL: Baseline.
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Figure 4A. Mean SBP by Visit — Baseline Kerosene Users
(Red: Ethanol, Blue: Control). Error bars indicate one standard error. BL: Baseline
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Figure 4B. Mean DBP by Visit — Baseline Kerosene Users
(Red: Ethanol, Blue: Control). Error bars indicate one standard error. BL: Baseline.
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Figure SA. Mean SBP by Visit — Baseline Firewood Users
(Red: Ethanol, Blue: Control). Error bars indicate one standard error. BL: Baseline.
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Figure 5B. Mean DBP by Visit — Baseline Firewood Users
(Red: Ethanol, Blue: Control). Error bars indicate one standard error. BL: Baseline.
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Supplemental Table S1. Mean Systolic and Diastolic Blood Pressure at Each Prenatal Visit

by Stove Type at Entry.

Baseline Kerosene Users

Baseline Firewood Users

K—E K—K F—E F—F
N Mean SD | N Mean SD N Mean SD N Mean SD

mm Hg mm Hg mm Hg mm Hg
Visit1 SBP | 110 1104 125]102 111.0 11.2]51 1104 106]57 1116 10.1
DBP| 110 688 10.1]102 700 100]51 699 81 ]57 700 108
Visit2 SBP | 100 1085 115] 98 109.0 109]50 1047 109]55 1089 938
DBP | 100 672 88 | 98 66.2 87 |5 659 705 665 86
Visit3 SBP ] 99 1084 116] 94 1092 112149 1059 96 |50 1078 90
DBP ] 99 675 84 ] % 67.1 91 149 662 69 |5 677 8.1
Visit4 SBP ] 100 1091 96 ] 92 1099 11850 1066 11.5]54 1101 99
DBP | 101 670 98 ] 92 68.6 85 |5 655 74 )15 676 78
Visit5 SBP | 98 111.0 129] 8 1128 11.7]51 1067 104]46 1075 9.0
DBP | 97 697 86 | 89 71.3 89 |51 674 76 )46 675 88
Visit6 SBP | 98 1125 129] 87 1143 16.0]50 1096 103]51 1102 95
DBP | 98 709 84 | 86 745 107]5 687 87 |51 702 88

SD: standard deviation; Visit 1: baseline, Visits 2-6: post randomization
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Figure legends

Supplemental Figure S1A. SBP by Time Since Randomization and LOWESS Curves-
Baseline Kerosene Users (Red: K—E, Blue: K—K).

Supplemental Figure S1B. DBP by Time Since Randomization and LOWESS Curves-
Baseline Kerosene Users (Red: K—E, Blue: K—K).

Supplemental Figure S2A. SBP by Time Since Randomization and LOWESS Curves-
Baseline Firewood Users (Red: F—E, Blue: F—F).
Supplemental Figure S2B. DBP by Time Since Randomization and LOWESS Curves-
Baseline Firewood Users (Red: F—E, Blue: F—F).



Supplemental Figure S1A. SBP by Time Since Randomization and LOWESS Curves -

Baseline

Kerosene Users (Red: K—E: Blue: K—K).
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Supplemental Figure S1B. DBP by Time Since Randomization and LOWESS Curves -
Baseline Kerosene Users (Red: K—E, Blue: K—K).
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Supplemental Figure S2A. SBP by Time Since Randomization and LOWESS Curves -
Baseline Firewood Users (Red: F—E, Blue: F—F).
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Supplemental Figure S2B. DBP by Time Since Randomization and LOWESS Curves -
Baseline Firewood Users (Red: F—E, Blue: F—F).
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