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Abstract

Background and Objective—The Ghana Randomized Air Pollution and Health Study
(GRAPHYS) is a community-level randomized controlled trial of cookstove interventions for
pregnant women and their newborns in rural Ghana. Given that household air pollution from
biomass burning may be implicated in adverse cardiovascular outcomes, we sought to determine
whether exposure to carbon monoxide (CO) from woodsmoke was associated with blood pressure
(BP) among 817 adult women.

Methods—Multivariate linear regression models were used to evaluate the association between
CO exposure, determined with 72-hour personal monitoring at study enrollment, and BP, also
measured at study enrollment. At the time of these assessments, women were in the first or second
trimester of pregnancy.

Results—A significant positive association was found between CO exposure and diastolic blood
pressure (DBP): on average, each 1ppm increase in exposure to CO was associated with 0.43
mmHg higher DBP [0.01, 0.86]. A non-significant positive trend was also observed for systolic
blood pressure (SBP).

Conclusion—This study is one of very few to have examined the relationship between
household air pollution and blood pressure among pregnant women, who are at particular risk for
hypertensive complications. The results of this cross-sectional study suggest that household air
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pollution from wood-burning fires is associated with higher blood pressure, particularly DBP, in
pregnant women at early to mid-gestation. The clinical implications of the observed association
toward the eventual development of chronic hypertension and/or hypertensive complications of
pregnancy remain uncertain, as few of the women were overtly hypertensive at this point in their
pregnancies.
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Introduction

Worldwide, close to 3 billion households rely on biomass fuels for cooking and heating
(Bonjour et al. 2013). Household Air Pollution (HAP) is created by the combustion of these
fuels in open fires, and has been associated with many adverse health outcomes. In 2010
HAP was ranked the fourth contributing risk factor to the burden of disease worldwide (Lim
et al. 2012). For the country of Ghana specifically, HAP is the number one risk factor,
contributing to the highest national burden of disease including cardiovascular disease
(CVD) (Institute for Health Metrics and Evaluation 2013). Despite the huge estimated CVD
burden associated with HAP, only one study to date has directly investigated the association
between HAP and cardiovascular morbidity (Lee et al. 2012a). Given the long latencies in
CVD, such studies are very challenging. Most research has consequently focused on risk
factors for CVD.

Blood Pressure (BP) is a known risk factor for CVD (Lewington et al. 2002), and has been
shown to respond to changes in air pollution, particularly with respect to particulate matter
less than 2.5 microns in aerodynamic diameter (PM> 5) (Brook et al. 2010). Mechanisms that
may underlie the response of BP to exposure to particulate matter include autonomic
imbalance and oxidative stress (Brook et al. 2009). Several controlled experiments in
humans have demonstrated almost immediate increases in BP in response to short-term
increases in PM, 5 (Cosselman et al. 2012; Langrish et al. 2009; Urch et al. 2005), although
other studies have not found this association (Brook et al. 2002). A review of epidemiologic
studies, largely conducted in economically advanced countries, indicates that a 10 pg/m?3
increase in ambient PM> 5 is associated with BP elevations of approximately 1-8 mmHg
(Brook and Rajagopalan 2009). Meanwhile, exposures to PM5 5 can be much higher in the
developing world (Clark et al. 2013); in the geographic region of this study, personal air
sampling has previously recorded 24-hour exposure levels averaging 128.5 pg/m3 among
women who are the primary cooks for their households (Van Vliet et al. 2013).

HAP from biomass burning contains a complex mixture of volatile and particulate pollution
(McCracken et al. 2012), including PM, 5 and carbon monoxide (CO). Due to its relative
ease of monitoring, CO monitoring has been used as an indicator of woodsmoke exposure in
previous cookstove intervention studies, including the RESPIRE trial in Guatemala (Smith
et al. 2011); however, the use of CO as a proxy for PM, 5 exposure has been brought into
question by several studies that have found poor correlations between the two pollutants in
biomass settings (Dionisio et al. 2012; Klasen et al. 2015). Other studies have found stronger
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correlations between PM and CO, both in cooking areas and using personal measures
(Dionisio et al. 2008; McCracken et al. 2013; Pollard et al. 2014). CO may itself be related
to cardiovascular disease, with studies demonstrating associations between short-term
increases in ambient CO and CVD hospital admissions in Taiwan (Yang et al. 2004) and the
United States (Bell et al. 2009), and with CVD emergency department visits in Canada
(Stieb et al. 2009), in statistical analyses that controlled for levels of co-pollutants such as
PM and NO,. The adverse health effects of chronic, low-level exposure to CO appear to
reflect mechanisms other than the hypoxia that is implicated in acute CO poisoning —
including endothelial inflammation and immune activation (World Health Organization
(WHO) 2010). Few studies have so far been conducted to assess the relationship between
CO and blood pressure, and those among pregnant women have yielded conflicting results.
A large study of pregnant women in the United States found that 0 to 4-day-lagged ambient
exposures to CO, but not PM, were associated with higher blood pressure at delivery among
women who were normotensive or diagnosed with chronic hypertension (Ménnistd et al.
2014). Conversely, a cohort study of healthy pregnant women in Pennsylvania found that
chronic exposure to PM, but not CO, was associated with higher BP in late pregnancy (Lee
et al. 2012b).

The epidemiologic basis for our understanding of the association between HAP and BP
currently rests on eight studies conducted in five locations: Guatemala (McCracken et al.
2007), India (Dutta et al. 2011), Nicaragua (Clark et al. 2011), China (Baumgartner et al.
2011), and Nepal (Neupane et al. 2015). Notably, all eight analyses have reported a positive
association between HAP and BP, although the studies differ in the methods used to
categorize HAP exposure (McCracken et al. 2012). While personal exposure monitoring is
widely considered to be preferable to static monitoring techniques in terms of capturing
health-relevant exposures to air pollutants (Clark et al. 2013; Steinle et al. 2013), few of
these studies have employed personal monitoring. Those that have done so have been
limited by sample sizes that were fairly small. These studies, meanwhile, have largely taken
place among populations of non-pregnant adults, but pregnancy presents a period of
particular concern for elevations in blood pressure. Hypertension complicates an estimated
5-10% of pregnancies worldwide (Duley 2009; Lindheimer et al. 2010) and contributes
substantially to global maternal mortality, accounting for an estimated 18% of all maternal
deaths (Abalos et al. 2014). Hypertensive disorders during pregnancy also contribute to
other adverse outcomes in both mother and child (Barker 1995; Mannisto et al. 2013). To
our knowledge, only two studies (Agrawal and Yamamoto 2014; Wylie et al. 2015) have
previously investigated the relationship between biomass smoke exposure and hypertension
in pregnancy, and neither has used personal monitoring to determine exposure to HAP.

The fact that HAP is a potentially modifiable environmental risk factor for both BP and
CVD (Brook et al. 2011b) makes the case for the public health importance of scientific
studies to clarify the relationship between HAP and cardiovascular risk factors, and to
evaluate the potential impact of interventions to reduce HAP. Here we report the results of a
cross-sectional analysis of the association between CO exposure and blood pressure among
807 pregnant women in a predominantly rural setting of Ghana.

Int J Hyg Environ Health. Author manuscript; available in PMC 2017 March 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Quinn et al.

Methods

Page 4

Data Sources

Participants were studied upon initial enroliment into the study, “Ghana Randomized Air
Pollution and Health Study (GRAPHS)”. In brief, GRAPHS is a community-level clustered
randomized controlled trial of a cookstove intervention in a predominantly rural area of
Ghana (Jack et al. 2015) (NCT01335490). Inclusion criteria for enroliment include being in
the first or second trimester of pregnancy, living in one of 35 communities in the Kintampo
Health Research Center (KHRC) catchment area, being the primary cook of the household,
and being a non-smoker. Exclusion criteria include carrying multiple fetuses or a gestational
age greater than 28 weeks (determined via ultrasound) (Boamah et al. 2014). The
predominant type of cookstove used by households in this area of Ghana is a three-stone
fire, fed by firewood. GRAPHS is a collaboration between Columbia University and KHRC,
and the location of the study is the Kintampo North Municipality and Kintampo South
District of the Brong Ahafo Region, located in the middle belt of Ghana. In the study area,
hypertension is one of the leading causes of adult visits to health facilities (Ghana Health
Service 2013).

Ethical Approvals

Ethical approvals for GRAPHS were obtained from the Institutional Review Boards of
Columbia University Medical Center, Massachusetts General Hospital/Partners Healthcare,
the Ghana Health Service Ethical Review Committee, and the Kintampo Health Research
Centre Institutional Ethics Committee.

Study Participants

Enrollment and data collection for GRAPHS began in September 2013. Potential
participants in this analysis included women who had been enrolled in GRAPHS and for
whom both a baseline BP and an initial CO measurement session had been conducted by
September 2014 (n = 1183).

Exposure Monitoring

Personal CO measurements were collected for 72-hour periods immediately after the
GRAPHS women were enrolled into the study, prior to delivery of improved cookstoves.
Each woman was outfitted with a Lascar (Erie, PA) EL-CO-USB Carbon Monoxide (CO)
data logger set to record CO measurements every 10 seconds. The Lascar EL-CO-USB
device reports concentrations between 0-1000 parts per million (ppm) CO and has a
manufacturer-reported precision of £6%. The monitor was worn in the woman’s breathing
zone (attached to clothing) during the day, and women were instructed to keep the monitors
near them while they slept. During the CO monitoring period, trained fieldworkers visited
the women every 24 hours to record the past day’s cooking events and to check on any
issues with monitoring compliance. CO monitors were periodically checked at the KHRC
laboratory against a known concentration of National Institute of Standards and Technology
(NIST) traceable CO gas (50ppm) mixed in air, and all CO data was post-processed to
account for a monitor- and time-specific correction factor.
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Baseline Blood Pressure Monitoring

Covariates

Systolic and diastolic blood pressure measurements (SBP; DBP) were recorded at the
Kintampo Municipal and Jema District Hospitals during the study women’s initial visit to
the hospital to determine study eligibility, using a Watch BP Home-Microlife (Microlife
Corporation, Widnau, Switzerland) digital automatic blood pressure monitor operated by
trained GRAPHS study staff. The Watch BP Home-Microlife instrument has been
previously validated against sphygmomanometer readings for blood pressure measurement
in adults (Stergiou et al. 2007) and in pregnancy (Chung et al. 2009). Blood pressure was
measured with the cuff around the upper left arm of the seated, resting study participant
following five minutes of rest. A single blood pressure measurement (consisting of one SBP
and one DBP measurement) was recorded for each participant.

Gestational age was determined via ultrasound at study enrollment. Maternal weight and
height measurements and a verbal medical history were also recorded during this initial
hospital visit. Other potential covariates, including marital status, level of education,
indicators of socioeconomic status (e.g. occupation, asset ownership, housing construction,
and the household’s toilet and water facilities) were recorded by questionnaire during a
home visit shortly after study enrollment. Activities that could have influenced CO exposure
during the monitoring session (e.g. use of mosquito coils, smoking in the household) were
recorded by questionnaire after each 24 hours of the 72-hour CO monitoring session.

Data management and analysis

The final population for analysis was 817 women. Of the initial 1183 potential participants,
we excluded 328 whose CO data did not meet validity criteria. The CO validity criteria
comprised three components: 1) “high” confidence in the unit-specific Lascar CO monitor
correction factor (i.e., a correction factor between 0.6-1.2 as calculated from the CO span
gas procedure: 215 records did not meet this criterion); 2) a CO monitoring session duration
of =44 hours (71 records did not meet this criterion); and 3) a coding of “1” or “high”
confidence of validity from a visual evaluation of the tracing of the minutewise CO data
(174 records were coded otherwise). This resulted in a sample size of 855 for further
analysis. We further excluded two participants whose DBP measurements were extreme
outliers (defined as more than 3.5 times the interquartile range beyond the 3 quartile of the
data; no SBP measurements were outlying to this degree). Lastly, we excluded 36 women
with missing covariate data. All data analysis was conducted using R version 3.0.2 (R
Foundation for Statistical Computing, Vienna, Austria).

Outcome and Exposure measures

SBP and DBP were the dependent variables in separate linear regression analyses. We
estimated the strength of the association between these variables and CO exposure using
multivariate linear regression models with one-way cluster-robust standard errors to account
for the clustering of individuals within communities.

In calculating CO exposure, we first averaged each woman’s CO exposure over every
minute of her monitoring session (which ranged in length from 44 to 90 hours, mean = 71.5
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hours). The resulting time series generally was characterized by numerous recordings near 0
punctuated by spikes of much higher CO exposure, typically corresponding to cooking
periods (see Figure 1 for an example). We selected the mean of the minute-averaged CO as
the metric representing exposure to cooking smoke.

Statistical Modeling

We employed a multivariate linear regression model with cluster-robust standard errors to
account for the grouping of individuals within communities. The regression equation was
constructed separately for SBP and DBP as outcomes, and can generally be represented as
follows:

BP =B+ B1CO + yX + &,

where Ba is a constant and BI is the effect estimate for carbon monoxide exposure on BP,
holding other covariates constant. X represents a matrix of potential covariates that vary at
the individual or community level (e.g. age, gestational age, BMI, location of community in
relation to the main road). The variance of the slope estimates § and vy is calculated using a
sandwich estimator to obtain a variance-covariance matrix — and hence standard errors — that
take into account the clustering of individual observations within discrete communities (Arai
2015).

Covariate Selection

Our variable selection process was motivated by the desire to include additional factors that
may influence BP levels and to account for other possible sources of CO exposure beyond
cooking smoke. We retained covariates in the final model if they were associated with SBP
or DBP in univariate a nalyses with p < 0.1 and/or changed the parameter estimate for BP by
more than 10%.

At the individual level, potential covariates included age, body mass index (BMI),
occupation, day of week of BP measurement, and gestational age (in weeks). Although
individual smoking and history of hypertension are also known to predict BP, in our cohort
very few women had ever smoked (0.4% of the participants, Table 1) or had previously been
diagnosed with hypertension (1.4%). These two variables were therefore not assessed as
potential covariates.

As exposure to secondhand smoke may affect CO exposure and influence BP, we included a
binary indicator variable for tobacco smoking by anyone in the household during the CO
monitoring session. We constructed a household asset index as a proxy for socioeconomic
status, as household-level socioeconomic status may predict BP, possibly through diet and
other means. The asset index was constructed using a principal components analysis of the
study participants’ housing characteristics and ownership of household durables (including
the material of the home’s walls, roof, and floor, the household’s primary source type of
drinking water and type of toilet facility, and ownership of items such as tables, mattresses,
radios, phones, and TVs). The asset data was centered and scaled prior to analysis, such that
the mean of the asset index was 0, and a higher score indicated higher household
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socioeconomic status (Filmer and Pritchett 2001; Wagstaff et al. 2007; Vyas and
Kumaranayake 2006).

Additional variables were considered for inclusion, including self-reported exposure to other
sources of smoke during the monitoring session (e.g. trash burning, mosquito coils), rainy
season vs. dry season, and presence/absence of a major road passing through the
community. These factors were not associated with BP and did not significantly affect
model parameters, and so were not included in the final models.

The final adjusted model contained covariates for: age, BMI, gestational age, occupation,
secondhand smoke exposure, and day of week of BP measurement.

Table 1 summarizes the descriptive characteristics of the GRAPHS women in this study.
The baseline characteristics of the women included in the final analysis (n = 817) did not
differ significantly from those excluded due to invalid CO data or other reasons (n = 366).
The included women were largely in the early second trimester of pregnancy at the time of
enrollment into the study. Very few of them were previously known to be hypertensive
(1.4%) or diabetic (0%). The majority of the women were either working as farmers/laborers
(40%) or not employed outside the home (31%). Although the women were non-smokers,
about one-fifth (21%) were exposed to secondhand tobacco smoke in their household or
compound. The majority of women (60%) primarily cook in a totally open location,
although about half the women have a partially or fully enclosed location in which they do
some of their cooking (e.g. when it is raining). The predominant cooking fuel in this setting
is wood (96%), with charcoal being used as a secondary fuel for about half the women.

Compliance with the CO monitoring protocol was quite good, with research workers
reporting that women were wearing the devices 93.7% of the time at the start of their daily
check-up visits. The mean duration of CO monitoring sessions was 71.5 hours (range: 44.2—
90.3, with 97.5% of the sessions reaching at least 90% of the target sampling interval of 72
hours). The mean CO measured was 1.6 ppm, with a distribution with a long right tail
(Figure 2). The pregnant women were largely normotensive, with a mean SBP of 106
mmHg and a mean DBP of 63 mmHg (Figure 3). Only six individuals (<1% of the
participants) were overtly hypertensive, defined as SBP > 140 mmHg and/or DBP > 90
mmHg.

The crude and adjusted estimates for the effect of CO exposure on BP are shown in Table 2.
We found that higher CO exposure was significantly associated with higher DBP in our
adjusted models. We observed a non-significant trend in the same direction for SBP. A
1ppm increase in mean CO exposure was associated, on average, with 0.39 mmHg higher
SBP (95% confidence interval: [-0.12, 0.90]), and with 0.43 mmHg higher DBP [0.01,
0.86].

The full output of the adjusted model can be found in the Supplemental Digital Content,
Table 1. The coefficients for the included confounders (age, BMI, gestational age, and
secondhand smoke exposure) were in the expected direction, with the exception of age in the
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SBP model only. While increased age is generally associated with higher SBP, in our cohort
age was associated with lower SBP, perhaps because the age range in our cohort was quite
narrow (range 15-48 years).

Our results reflect the fact that regression diagnostics indicated that a small number of
outlying and highly influential observations were swaying our model effect estimates,
particularly for DBP. We used the criterion of Cook’s Distance (using a universal cutoff
value of Cook’s Distance > 0.04) to remove a maximum of two influential observations
from the data prior to reporting the final results. We found that one influential observation
led to an overestimation the association between CO and DBP in the adjusted model, while
the behavior of the SBP models was less influenced by outlying observations (see
Supplemental Digital Content, Figure 1 for an example of the change in beta coefficient in
response to piecewise removal of influential observations).

We conducted an additional sensitivity analysis in which we excluded ten women from the
analysis who reported never cooking during the exposure monitoring period. The results
from this sensitivity analysis can be found in the Supplemental Digital Content, Table 2. The
results for SBP and DBP were quite similar to the main result, suggesting that community-
level exposures to CO may contribute to the observed effect on BP.

Discussion

SBP and DBP were both higher in pregnant women exposed to higher levels of CO at mid-
gestation, although only the results for DBP reached statistical significance at alpha = 0.05.
This finding supports evidence from prior studies that exposure to HAP from cooking smoke
is related to increases in blood pressure (Baumgartner et al. 2011; Clark et al. 2011;
McCracken et al. 2007). Furthermore, this study suggests that these relationships hold
during early- and mid-pregnancy. Pregnancy has a known effect on BP due to changes in
cardiac output and intravascular volume, with BP falling during early pregnancy, reaching
its nadir near mid-pregnancy, and rising thereafter (Lindheimer et al. 2010). The analysis
here controlled for gestational age in weeks, and found that CO exposure is associated with
higher BP even at early to mid-gestational stages. This work also suggests that the
association between HAP and blood pressure may be more robust for DBP than for SBP.
Several previous studies have similarly shown a stronger effect of particulate air pollution
on DBP than SBP (Brook et al. 2009; Neupane et al. 2015; Urch et al. 2005), although
others have found significant associations for SBP only (Baumgartner et al. 2011; Brook et
al. 2011a), or for both parameters(McCracken et al. 2007). In this study, we observed
positive trends for both SBP and DBP. It is possible that the greater variability of SBP
measurements, as compared to DBP, led to the greater statistical instability observed here
for SBP.

The magnitude of the association between HAP exposure and BP observed in this cohort
(~0.4 mmHg higher SBP and DBP for each 1ppm elevation in CO exposure) is comparable
in scale to the associations between HAP and BP that have been observed in Nicaragua,
China, and Guatemala, where BP was between 0.5-3.7 mmHg higher per unit of HAP
exposure (McCracken et al. 2012). For this cohort of pregnant women in particular, it is
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worth noting that the size of the association observed here is the same order of magnitude as
the differences in BP that have been observed in studies of maternal smoking. Smoking,
which results in higher levels of CO exposure than those observed here, is associated with
numerous adverse pregnancy outcomes including low birth weight and preterm birth. In a
study of 7106 pregnant women in the Netherlands, statistically significant differences in BP
were observed between women who never smoked during pregnancy versus those who
smoked throughout the pregnancy or smoked only during the first trimester, and the
differences in SBP and DBP between these groups at 16 weeks pregnancy were <1 mmHg
(Bakker et al. 2010). Interestingly, the study found that DBP at 16 weeks was actually
higher among the nonsmokers than the smokers, and that this pattern reversed by the time of
delivery. SBP followed a more predictable pattern, with smokers having higher SBP
throughout gestation and the differences between groups increasing as the pregnancy
progressed. In the current analysis, we found that both SBP and DBP were higher in
GRAPHS women exposed to more CO at early to mid-gestation.

While the clinical relevance of such small elevations in BP may be hard to discern at the
individual level, especially in the young and largely healthy GRAPHS population, this study
adds to the growing body of evidence that HAP exposure raises both SBP and DBP among
normotensive adults. This finding, in turn, lends support to hypotheses that changes in long-
term basal BP levels may be one pathway through which long-term exposure to air pollution
adversely affects cardiovascular risk (Brook et al. 2009, 2010).

This cross-sectional study assessed CO exposure and BP among women at early to mid-
pregnancy. BP was not reliably assessed later in gestation across in GRAPHS, so we could
not examine differences in BP closer to the time of delivery, nor assess the effects of CO
exposure on hypertensive disorders of pregnancy that manifest later in gestation. Further, BP
readings can vary within an individual, and accurate BP assessment for clinical purposes
often requires more than the single measurement that was conducted here. A certain amount
of measurement error may therefore exist in the BP data analyzed here. Due to its
nondifferential nature, any bias resulting from this error would be expected to influence the
results toward the null.

It is also possible that other sources of CO, besides cookstove smoke, contributed to the
women’s CO data. However, the fact that inclusion of other known sources of CO (e.g.
exposure to trash burning, involvement in charcoal production) did not affect the main
parameter of interest makes it more likely that the observed association is attributable to CO
from cookstove smoke. The length of the monitoring period (approximately three days) and
the fact that personal CO monitoring was conducted lend strength to the assertion that these
values may represent the individual women’s “typical” exposures to CO due to cooking with
their traditional three-stone fires. Since CO was the only pollutant measured in this baseline
air pollution monitoring, it is difficult to know whether the effects found are due to CO itself
or to another pollutant that co-varies with CO in the context of biomass burning. Monitoring
of more than one pollutant would allow for better analysis of the source components of HAP
that may be responsible for the higher observed BP; as it is, we do not know whether the
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effects seen, if attributable to HAP, are due to CO, PM, or to other pollutants produced
during biomass burning.

Finally, this is an observational study, and although we controlled for many known
predictors of BP, it is possible that confounding by an unmeasured covariate influenced our
results. For example, ambient temperature may be associated both with energy use patterns
and with blood pressure, and has often been included as a covariate in blood pressure
models. A limitation of our study is that this data was not available in our study area. The
climate of the study region is tropical, however, with mean temperatures staying within a
fairly narrow range all year (Kintampo South Assembly. 2007) and with seasonal
differences in precipitation (two “rainy” seasons per year versus drier periods). The lack of
wide temperature variability would likely attenuate any observable effect of temperature on
the relationship observed here. Information on certain other potential predictors of BP, such
as diet and time of day of the BP measurement, was likewise not available and therefore
could not be included in our analyses. Future work based on the randomized provision of
cleaner stoves, in this cohort and others, will help to determine whether HAP is a cause of
increased blood pressure in pregnant women and other adults.

Conclusions

This study of over 800 pregnant women in rural Ghana provides evidence of a positive
association between CO exposure and mid-pregnancy blood pressure, with results stronger
for DBP than SBP.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Sample minute-averaged CO plot from a 72-hour sampling session
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Figure 2.
Distribution of mean 72-hour-averaged CO
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Figure 3.
Distribution of baseline BP
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Table 2

Crude and adjusted effects of personal CO exposure on BP. The associations are the estimated change in SBP
or DBP (mmHg) associated with a 1 ppm increase in mean 72-hour-averaged personal CO exposure.

Crude Association® Adjusted Association&P
Estimate  95% ClI Estimate  95% ClI
(mmHg) (mmHg)
SBP 031 [-0.28,0.91] 0.39 [-0.12, 0.90]
DBP 059 [0.14,1.03]  0.43 [0.01, 0.86]

a . . . . . .
Standard Errors are cluster-robust. In each model, results are reported after removal highly influential variables with Cook’s Distance > 0.04;
maximum number removed observations = 2.

bAdjusted for age, BMI, gestational age, occupation, secondhand smoke exposure, and day of week of BP measurement.
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