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Abstract

Taking advantage of the natural experiment of the 2008 Beijing Olympics (8/8 to 9/24), when air
pollution levels decreased by 13%-60%, we assessed whether having =1 pregnancy month during
the Olympics was associated with decreased risks of hypertensive disorders (HD) and/or fetal-
placental conditions (FPC). We included singleton births to mothers with =1 pregnancy month in
2008 or 2009 (n=56,155). Using generalized additive models, we estimated the risk of HD and
FPC associated with 1) the 2008 Olympics compared with the same dates in 2009, and 2)
increased mean ambient PM1g, NO, and SO, concentrations during each trimester. However, we
found no association between HD or FPC and having any trimester during the 2008 Olympic
period. This may, in part, be due to a small number of pregnancy complications in this population.
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INTRODUCTION

Ambient air pollution has been implicated in the development of adverse birth outcomes
such as low birth weight, preterm birth, and intrauterine growth restriction. 1-6 However, air
pollution mediated preterm birth and fetal growth restriction may share underlying
biological mechanisms with pregnancy complications.”~12 Previous studies have reported
increased risks of individual pregnancy complications (e.g., gestational hypertension,
preeclampsia, and eclampsia) associated with increased ambient air pollution during
pregnancy.13-20 However, the few studies that have examined associations between ambient
air pollution and complications categorized as hypertensive disorders of pregnancy have
generated inconsistent results.21-23 Inconsistencies may be due to differences in outcome
definition (e.g. inclusion of all hypertensive disorders of pregnancy versus assessment of
individual complications; inclusion of only early or late onset pre-eclampsia versus inclusion
of all pre-eclampsia), differences in time windows during pregnancy assessed (e.g.
individual trimesters versus entire pregnancy), exposure assessment methods (e.g. proximity
models; land use regression models; or dispersion models), and residual confounding by
characteristics such as pre-pregnancy body mass index, maternal smoking status,
environmental tobacco smoke exposure, and season. 19 However, use of a “natural
experiment” where ambient air pollutant concentrations were reduced city wide for a short
period of time, allowed an assessment of whether the pollution/complication associations
seen in these previous studies could be replicated. Further, natural experiments should offer
better control of confounding by long-term time trends, one of the major threats to internal
validity in observational studies.?*

In order to host the 2008 Olympic Games, the Chinese government implemented numerous
air pollution emission controls to substantially improve air quality in Beijing for the
Olympic and Paralympic Games.?> 26 Taking advantage of this natural experiment, we
previously reported that those pregnancies of women residing in 4 urban districts of Beijing,
with their 8t month of pregnancy during this 47 day Olympic period, had on average 23g
heavier babies at birth, compared to Beijing residents with their 8" month of pregnancy
during the same dates in 2007 or 2009 (Rich et al. Submitted to Environmental Health
Perspectives). Using the same air pollutant and birth registry data, we assessed whether
pregnancies during the 2008 Olympic Games had a reduced risk of several pregnancy
complications. We hypothesized that having at least one month of pregnancy during the
2008 Olympics (August 8 to September 24) would be associated with a decreased relative
odds of hypertensive disorders and fetal-placental conditions, compared to having that same
month from August 8 to September 24, 2009.

MATERIALS AND METHODS

Study population

Our study population has been described previously (Rich et al. Submitted). Briefly, birth
registry data was obtained from the Beijing Maternal and Child Health (MCH) Center for all
registered births to women delivering in Beijing from January 1, 2007 to December 31,
2009. We retained all singleton births to mothers who resided in 1 of 4 adjacent Beijing
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districts (Fengtai, Haidian, Chaoyang, and Xicheng) at the time of delivery, with a
gestational age of 28-42 weeks and a birth weight greater than 500 grams (n=132,841). We
then further restricted the sample to include only those that had at least one month of
pregnancy during the Olympic time period (August 8-September 24) in 2008 and 2009
(n=56,392). To avoid potential bias arising from outcome misclassification, we did not use
data from 2007 since it was entered manually as opposed to electronically as in 2008 and
2009, and therefore may not be as complete with regard to pregnancy complications. From
the birth registry, we also retained maternal characteristics such as age at birth, educational
level, and district of maternal residence, gestational age at first clinic visit, and diagnoses of
pregnancy complications as recorded in the registry (i.e. these were not self-reported). We
further excluded women with missing values for gestational age at first clinic visit (n=237),
leaving 56,155 births available for our analyses described below. Women excluded were
similar in characteristics (maternal age mean + standard deviation = 29.1 + 3.7; 45% had
bachelor’s degree; 37% lived in Chaoyang) to those included in the study. We did not have
data on infant gender, maternal height, pre-pregnancy weight, maternal smoking status,
environmental tobacco smoke exposure, date of diagnosis, residential address, or parity.

Outcome definitions

A maximum of three complications were recorded for each birth in the registry. We defined
‘hypertensive disorders’ as a diagnosis of gestational hypertension, preeclampsia, or
eclampsia. Gestational hypertension was defined as a systolic blood pressure =140 mmHg, a
diastolic blood pressure =90 mmHg, or both, on two or more occasions at least four hours
apart in normotensive women after 20 weeks gestation. Preeclampsia was defined as new-
onset hypertension, in addition to new-onset proteinuria, or in the absence of proteinuria,
new-onset end-organ dysfunction after 20 weeks gestation (e.g. thrombocytopenia, renal
insufficiency, impaired liver function, pulmonary edema, or cerebral or visual symptoms).
Eclampsia was defined as preeclampsia with grand mal seizures.

Fetal-placental conditions consisted of a diagnosis of fetal macrosomia, fetal distress,
placental abruption, threatened preterm labor, polyhydramnios, oligohydramnios, or
premature rupture of membranes. Fetal macrosomia was defined as a birth weight >4,000
grams regardless of gestational age. Fetal distress was defined as presence of signs or
symptoms that the fetus was not well, including any of decreased movement felt by the
mother, meconium in the amniotic fluid, a non-reassuring fetal heart rate pattern, or fetal
acidosis. Placental abruption was defined as premature separation of a normally implanted
placenta from the uterus. Threatened preterm labor was defined as documented uterine
contractions without evidence of cervical change. Polyhydramnios was defined as excess
amniotic fluid volume (i.e. AFV =8 cm), whereas, oligohydramnios was defined as AFV less
than expected for gestational age (i.e. <2 cm). Premature rupture of membranes was defined
as rupture of the amniotic sac before labor began.

Olympic time period definition
As in our birth weight analysis (Rich et al. submitted), the exposure period was defined as

the dates of the 2008 Beijing Olympics and Paralympics (August 8 to September 24, 2008).
The unexposed period was defined as the same dates in 2009 (August 8 to September 24,
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2009). We used all births with at least one month of pregnancy during August 8 to
September 24 in 2008 or 2009. Since the sample size for each month was generally small
(e.g., 15t month=6,590 births, but n=62 hypertensive disorders), all pregnancies with their
1st, 2nd, or 34 month during the Olympic time period were defined as the “first trimester,’
pregnancies with their 4, 51 or 6" month during the same time period as ‘second
trimester,” and pregnancies with their 71, 8t or 9t month defined as “third trimester.”

Air pollution

We retrieved average daily PM1g, NO,, and SO, concentrations for the study period (June
19, 2008 to March 12, 2009), from eight government-run monitoring stations located within
the four study districts (i.e. for each day we have PM1g, NO,, and SO, concentrations
averaged across the 8 monitors). There were no missing daily PMyg, NO, or SO,
concentrations during the study period. We then assigned a monthly average PM1g, NO,,
and SO, concentration to each gestational month (i.e. 15t 2nd 3rd __ oth) of each pregnancy.
Next, we calculated 15t trimester mean PM1g, NO,, and SO, concentrations by averaging the
18t 2nd and 34 month PM1g, NO,, and SO, concentrations. We repeated this for months
4-6, and months 7-9 to generate second trimester and third trimester-mean PM1g, NO», and
SO, concentrations, respectively.

Statistical Analysis

We fit a generalized additive model to estimate the relative odds of hypertensive disorder
and fetal-placental conditions associated with having parts of the first, second, or third
trimester of pregnancy during the 2008 Olympics (August 8-September 24) compared to the
same dates in 2009. Specifically, the logit probability of a “hypertensive disorder’ (1=Yes,
0=No) was modelled as a function of Olympic time period (1=2008, 0=2009), adjusting for
a smooth function of maternal age, a smooth function of gestational age at first clinic visit,
and indicator variables for maternal education (bachelor’s degree, some college or technical
school, and high school or less), and district of maternal residence (Xicheng, Chaoyang,
Fengtai, Haidian) as covariates. The smooth functions allow the shape of the relationships to
be determined by the data. Using generalized cross validation (using the Mixed GAM
Computation Vehicle [MGCV] package in R (R Foundation for Statistical Computing,
WWW.r-project.org, version 2.15.1), we determined the appropriate smoothing parameters for
maternal age and gestational age at first clinic visit. The MGCV package suggested that a
linear term for maternal age and 3 degrees of freedom for gestational age at first clinic visit
was reasonable. We fit a similar model to assess the relative odds of a “fetal-placental
condition,” including the same covariates modelled in the same way. From each model, we
report the odds ratio associated with the Olympic time period and its 95% confidence
interval.

Next, we used a generalized additive model to estimate the relative odds of a “hypertensive
disorder’ associated with each interquartile range increase in PM1q concentration during
each trimester of pregnancy. We again adjusted for maternal age (linear term), gestational
age at first clinic visit (smooth term with 3 degrees of freedom), and indicator variables for
maternal education (bachelor’s degree, some college or technical school, and high school or
less), district of maternal residence (Xicheng, Chaoyang, Fengtai, Haidian), in addition to
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relative humidity, and temperature. Again, the MGCV package was used to select the
appropriate smoothing parameters for relative humidity and temperature. Based upon these
results, relative humidity and temperature were kept as linear terms.

Similarly, we re-ran this model to estimate the relative odds of a ‘hypertensive disorder’
associated with each IQR increase in NO, and SO, concentrations during each trimester of
pregnancy, adjusting for the same covariates modelled in the same way. We also fit similar
models to estimate the relative odds of a ‘fetal-placental condition’ associated with each
IQR increase in NO,, SO,, and PM1q concentrations during the first, second, and third
trimesters of pregnancy, adjusting for the same covariates modelled in the same way . We
used SAS version 9.32 (OSAS Institute, Inc. Cary, NC) to construct all datasets and conduct
descriptive analyses, and R (version 2.15.1; R Foundation for Statistical Computing, Vienna,
Austria) to perform all other statistical analyses.

RESULTS

The characteristics of study subjects with a portion of their pregnancy from August 8 to
September 24, 2008 and from August 8 to September 24, 2009 are shown in Table 1. The
distributions of maternal age, district of maternal residence, and gestational age at first clinic
visit were similar in 2008 and 2009. However, the proportion of mothers with a bachelor’s
degree increased from 54% in 2008 to 59% in 2009 (Table 1). There were also similar
proportions of subjects/pregnancies experiencing a hypertensive disorder in 2008 (n=286;
1.1% of all pregnancies) and 2009 (n=347; 1.2% of all pregnancies), and a fetal-placental
condition in 2008 (n=3,088; 11.7% of all pregnancies) and 2009 (n=3,486; 11.7% of all
pregnancies) (Table 1).

The distributions of mean pollutant concentrations of our study subjects with part of their
first trimester during the Olympic time period (August 8 to September 24 in 2008 and 2009)
are shown in Table 2. Monthly PMg, NO5, and SO, concentrations for study subjects were
generally lower in 2008 (median PM1g = 87 pg/m3; median NO, = 73 pg/m3; median SO, =
31 pg/m3) than in 2009 (median PM1o = 111 pg/m?3; median NO, = 90 pg/m3; median SO, =
34 pg/m3).The correlation coefficients between these mean monthly pollutant
concentrations, relative humidity, and temperature during the first trimester of pregnancy are
presented in Table 3. PM1g was moderately correlated with SO, (r=0.39) and NO, (r=0.41),
while SO, and NO, were highly correlated (r=0.76). Due in part to the lower 2008 Olympic
pollutant concentrations occurring in the middle of the summer, all three pollutants were
inversely correlated with both temperature (r = —0.34 to —0.95) and relative humidity (r =
-0.43 to —0.80)(Table 3).

In unadjusted analyses, having the 15t, 2nd or 3d trimester of pregnancy during the Olympic
time period was not significantly (p<0.05) associated with a decreased odds of a
hypertensive disorder of pregnancy (Table 4). In models that adjusted for maternal
education, district of maternal residence, maternal age, and gestational age at first clinic
visit, the estimates of the relative odds of a hypertensive disorder associated with having part
of the pregnancy during the 15t trimester (OR=1.10; 95%CI|= 0.84, 1.44), 2" trimester
(OR=0.87; 95% Cl= 0.68, 1.11), and 3" trimester (OR=0.77; 95% C1=0.57, 1.06) were
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similar to the unadjusted models. We also found no association between having the 15t, 2nd,
or 3 trimester of pregnancy during the 2008 Olympics, compared to having that trimester
during the same dates in 2009, and the odds of a fetal-placental condition in either
unadjusted and adjusted analyses (Table 4).

We also did not observe a significantly increased odds of a hypertensive disorder associated
with IQR increases in PM1g SOy, or NO, concentrations during the 1t 2Md, or 31
trimesters (Table 5). Inconsistent with our a priori hypothesis, each 8 ug/m? increase in mean
SO, concentration during the 3™ trimester was associated with significant decrease in the
odds of a hypertensive disorder (OR=0.71; 95% CI1=0.53, 0.97). We also did not observe
significantly increased relative odds of fetal placental conditions associated with IQR
increases in PM1g SOy, or NO, concentrations during the 15, 214 or 37 trimesters. (Table
5).

DISCUSSION

Taking advantage of the natural experiment in Beijing during the 2008 Summer Olympics,
where air pollutant concentrations were reduced by 13% to 60%, 2> 26 we examined whether
pregnancies with at least one month during the 2008 Olympics had a lower odds of
hypertensive disorders or fetal-placental conditions. We found no clear evidence of a
decreased risk of either hypertensive disorders or fetal-placental conditions associated with
having the part of the 15t, 2"d, or 3" trimester of pregnancy during the 2008 Beijing
Olympics compared to the same dates in 2009. Further, increases in PM1g, NO,, and SO,
concentrations during the 15t, 2", or 39 trimester were not associated with an increased
odds of either complication, after adjustment for maternal education, district of maternal
residence, maternal age, and gestational age at first clinic visit.

Other studies done in the United States, Netherlands, and Spain also found no association
between hypertensive complications of pregnancy and increases in trimester-specific PMqg,
NO, concentrations 17+ 22 and whole pregnancy NO, concentrations.2l: 27 However, others
have reported increased risks of hypertensive disorders associated with IQR increases in
mean PM;q concentrations during the entire pregnancy2® (IQR =3.92 pg/m3; OR=1.07;
95%CI1=1.04, 1.11), NO, concentrations during the first trimester?3 (IQR=5.39 ppb;
OR=1.14; 95%CI=1.01,1.29), NO, concentrations in the third trimester'6 (IQR=5.63 ppb;
OR=1.30; 95%CI=1.07,1.58), and NO concentrations over the entire pregnancy4
(IQR=5.65 ppb; OR=1.11; 95%CI=1.06, 1.16). Xu et al, also reported an increased risk of
hypertensive disorders associated with each IQR increase in mean SO, concentrations
during the first trimester (IQR=3.73 ppb; OR=1.14; 95%CI1=1.05, 1.23) and the entire
pregnancy (IQR=2.55 ppb; OR=1.13; 95%CI=1.01, 1.25).23 Recently, Pedersen et al.
conducted a meta-analysis of 17 epidemiological studies in eight different countries (USA,
Netherlands, Iran, Japan, Canada, Spain, Sweden, and Australia) that examined the
association between exposure to ambient air pollution and pregnancy-induced hypertensive
disorders. Pedersen et al. reported a 23% increase (95% Cl1=4%, 42%) in the risk of
hypertensive disorders associated with each 10 ug/m3 increase in NO, concentration during
the entire pregnancy.1® Hu et al. also conducted a meta-analysis of 10 epidemiological
studies that investigated the association between hypertensive disorders of pregnancy and

Arch Environ Occup Health. Author manuscript; available in PMC 2017 July 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Assibey-Mensah et al.

Page 7

criteria air pollutants in six different countries (USA, Netherlands, Canada, Spain, Sweden,
and Australia). Hu et al reported a 16% (95% CI=3%, 30%) increase in the risk of
hypertensive disorders associated with each 10 pug/m3 increase in NO, concentration during
the entire pregnancy. 20 To our knowledge, our study is the first to evaluate the association
between ambient air pollution concentrations and complications categorized as fetal-
placental conditions. However, Dadvand et al, observed that preterm premature rupture of
membranes, a component of our definition of fetal-placental conditions, was associated with
IQR increases in NO, exposure during the third trimester (IQR= 17.8 pg/m3; OR=1.47;
95%CI1=1.03, 2.11) and the entire pregnancy (IQR=15.6 pg/m3; OR=1.42; 95%CI=1.01,
2.01). %7

Although our study has several strengths including the use of a natural experiment study
design, there are a few limitations that should be considered when making inference. First,
mean trimester pollutant concentrations were based on measurements from the closest
monitoring site, regardless of individual daily mobility or various behavior patterns,
resulting in exposure error. This exposure error is likely to be a combination of Berkson and
classical error, with the classical error resulting in a bias towards the null. 2% 30

Second, our findings may be due, in part, to residual confounding by temporal trends since
we did not include 2007 pregnancy complications in our analyses. These 2007 data were
entered manually, while the 2008 and 2009 were available in electronic format. Thus, the
number of complications in 2007 was substantially lower in comparison to 2008 and 2009
suggesting the possibility of missing data.

Third, we did not have data on smoking or secondhand smoke exposure of each pregnant
woman in the study, and thus our findings, may, in part, be due to residual confounding by
smoking exposure. However, smoking rates of Chinese women living in Chinese cities are
generally low. A recent 2010 report estimated that 28.1% of adults in China (52.9% of men
and 2.4% of women) were current smokers, with the prevalence significantly higher among
rural residents than urban inhabitants, 31 such as those in our study. We did not have data on
secondhand smoke exposure of women in our study. However, our comparison of
complications in 2008 and 2009 is unlikely to be confounded by this unless there are
substantial differences in secondhand smoke exposure for pregnant women in 2008 versus
20009.

Fourth, our ability to detect a significantly increased risk of hypertensive disorders of
pregnancy may have been limited by a small number of these pregnancy complications in
2008 (n=286 hypertensive disorders; 1.1% of N=26,451 births) and 2009 (n=347
hypertensive disorders; 1.2% of N=29,704 births). This may, in part, be due to China’s
Family Planning Policy which restricted the number of children married couples in Beijing
could have during the study period to one, with few exceptions. This likely resulted in
healthier pregnancies in this Beijing study population compared to the U.S. population (e.g.
less pregnancy complications, fewer preterm births, etc.), as evidence by the lower preterm
birth rate in Beijing in 2008 (3.3%) compared to the United States in 2008 (12.3%)32 and
2012 (11.5%).33 Some complications may also have been missed since prenatal care
providers were only able to list a maximum of three per birth record.
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Fifth, similar to previous studies, 16: 21-23. 28 e did not have data on the date of pregnancy
complication diagnosis. Therefore, we may have included some subjects where the mean 3'd
trimester pollutant concentration was after onset of the pregnancy complication.

In summary, we did not find a significantly decreased risk of hypertensive disorders or fetal-
placental conditions associated with having the part of the 15t, 21, or 3'd trimester of
pregnancy during the 2008 Beijing Olympics compared to the same dates in 2009 as
hypothesized. Further, we did not see evidence of an increased risk of these complications
associated with increased PMg, NO5, or SO, concentrations.
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