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Abstract

Background—Emerging data from animal and human studies suggest that traffic-related air
pollution adversely affects early pregnancy outcomes; however evidence is limited.

Objective—We examined whether residential proximity to major roadways and traffic, as proxies
for traffic-related air pollution, are associated with /n vitro fertilization (IVF) outcomes.

Methods—This analysis included 423 women enrolled in the Environment and Reproductive
Health (EARTH) Study, a prospective cohort study, who underwent 726 IVF cycles (2004-2017).
Using geocoded residential addresses collected at study entry, we calculated the distance to nearest
major roadway and the traffic density within a 100 m radius. I\VF outcomes were abstracted from
electronic medical records. We used multivariable generalized linear mixed models to evaluate the
associations between residential proximity to major roadways and traffic density and IVF
outcomes adjusting for maternal age, body mass index, race, education level, smoking status, and
census tract median income.
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Results—Closer residential proximity to major roadways was statistically significantly
associated with lower probability of implantation and live birth following IVF. The adjusted
percentage of IVF cycles resulting in live birth for women living 2400 m from a major roadway
was 46% (95% CI 36, 56%) compared to 33% (95% CI 26, 40%) for women living <50 m (p-for-
comparison, 0.04). Of the intermediate outcomes, there were suggestive associations between
living closer to major roadways and slightly higher estradiol trigger concentrations (p-trend=0.16)
and lower endometrial thickness (p-trend=0.06). Near-residence traffic density was not associated
with outcomes of IVF.

Conclusion—Closer residential proximity to major roadways was related to reduced likelihood
of live birth following IVF.

Keywords
air pollution; assisted reproduction; fertility; in vitro fertilization; traffic

Introduction

Traffic emissions are a major source of local variability in air pollution levels (EEA 2016;
Singh et al. 2014), with the highest concentrations and risk of exposure occurring near major
roadways (Karner et al. 2010). Motor vehicle emissions represent a complex mixture of air
pollutants, including carbon dioxide (CO,), carbon monoxide (CO), nitrogen oxides (NOy),
hydrocarbons, volatile organic compounds (VOCs), and particulate matter (HEI 2010). Each
of these components, along with their secondary by-products, such as ozone and secondary
aerosols, can adversely affect health (HEI 2010). Of the motor vehicle generated air
pollutants, diesel exhaust particles (DEPS) account for a high percentage of the particles
emitted in many towns and cities (UNEP 1994) and are almost exclusively found in the
submicrometer fraction. While DEPs represent a complex and variable mixture of
components, their content of elemental and organic carbon, polycyclic aromatic
hydrocarbons, and metals have received the most attention as the components responsible
for DEPs negative health effects (Sydbom et al. 2001). Because the mixture of traffic-related
air pollutants can be difficult to measure and model, many epidemiologic studies rely on
measures of traffic (e.g., proximity to major roads and cumulative traffic density within a
buffer) as surrogates of exposure.

Over the past decade, chronic exposure to traffic-related air pollution has become
increasingly recognized as an important risk factor for adverse pregnancy outcomes (Stieb et
al. 2016) including preterm birth (Yorifuji et al. 2011), gestational diabetes (Robledo et al.
2015), preeclampsia (Wu et al. 2009), restricted fetal growth (Fleisch et al. 2015), and low
birth weight (Brauer et al. 2008). The proposed biological mechanisms mediating air
pollution’s effect on these later pregnancy and birth outcomes such as increased oxidative
stress (Moller et al. 2014), systemic inflammation (Panasevich et al. 2009), endothelial
dysfunction (Wauters et al. 2013), and DNA damage (Risom et al. 2005) could also affect
earlier pregnancy outcomes such as fertilization, early embryo development, and
implantation. However, limited research has been conducted to this regard.
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The objective of this study was to utilize data from an ongoing prospective cohort of couples
undergoing /n vitro fertilization (IVF) to explore the relationship between proxies of traffic-
related air pollution and female reproductive outcomes using a unique model of human
reproduction where clinically relevant, yet otherwise unobservable outcomes, such as
fertilization and implantation, can be studied.

Study population

Study participants were recruited into the Environment and Reproductive Health (EARTH)
Study between November 2004 and July 2016 from patients presenting for infertility
evaluation and treatment at the Massachusetts General Hospital (MGH) Fertility Center. All
women between 18 and 46 years of age at enrollment were eligible to participate.
Approximately 60% of those contacted by the research nurses participated in the study.
Upon enrollment into the study, all participants provided their residential address for
reimbursement purposes. Women were then followed through each of their subsequent
infertility treatment cycles until discontinuation of treatment or live birth.

Out of the total number of women enrolled in EARTH (n=867) only women who had
completed at least 1 IVF cycle by March 2017 and were not undergoing controlled ovarian
stimulation with the sole purpose of oocyte banking or egg donation were eligible (n=443).
From the initial 443 eligible EARTH women we excluded 20 women whose primary
residence was outside of Massachusetts leaving a final sample size of 423 women and 726
IVF cycles (see Figure S1). Twenty-two of the 423 women re-enrolled in the EARTH study
after having a live birth. Of these, only 4 women had moved since their original enrollment.
In these instances, the women’s new addresses were applied to all cycles initiated after re-
enroliment. The EARTH study was approved by the Human Studies Institutional Review
Boards of the MGH and the Harvard T.H. Chan School of Public Health. All study
participants signed an informed consent after the study procedures were explained by a
research nurse.

Traffic-related air pollution exposures

The residential address of each woman was geocoded using ArcGIS and linked to an official
state-maintained street transportation dataset which was downloaded from the Massachusetts
Department of Transportation through the Office of Geographic Information (MassGIS
2014). This dataset represents all the public and the majority of the private roadways in
Massachusetts as of December 2013, including designations for interstates and highways
and traffic count information. MassGIS classifies the following as major roadways: limited
access highways, multi-lane highways (not limited access), other numbered routes, and
major roads that are arterials and collectors. Using ArcGIS, we measured the Euclidian
distance in meters from each geocoded residence to nearest major roadway. In the MassGIS
data, annual average daily traffic (AADT) count information is reported by segment of road.
Near-residence traffic density was defined as the length in kilometers of all roads within 100
m of a residence, multiplied by the annual average daily traffic counts for those roads
(vehicles/day). Since not all segments of all roads in Massachusetts have traffic count
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information, it was possible for a woman to have no road segments within 100m of her
residence with traffic count information.

Outcome Assessment

For fresh IVF cycles, patients underwent one of three stimulation protocols as clinically
indicated: 1) luteal-phase GnRH agonist protocol; 2) follicular-phase GnRH-agonist/Flare
protocol; or 3) GnRH-antagonist protocol. Patients were monitored during gonadotropin
stimulation for serum estradiol, follicle size measurements and counts, and endometrial
thickness. Human chorionic gonadotropin (hCG) was administered approximately 36 hours
before the scheduled oocyte-retrieval procedure to induce oocyte maturation. Couples
underwent I\VVF with conventional insemination or intra-cytoplasmic sperm injection (ICSI)
as clinically indicated. The nuclear maturity of cocytes was determined before ICSI but not
before conventional insemination/I\VF. Embryologists classified oocytes as germinal vesicle,
metaphase I, metaphase 1l (MII) or degenerated. Embryologists determined fertilization 17—
20 hours after insemination as the number of oocytes with two pronuclei (2PN). The
procedures regarding the timing and grading of embryo quality have varied during the
follow-up of EARTH patients and thus are not included as an outcome for analysis.

For cryo-thaw cycles or donor egg recipient cycles, patients underwent either the standard
endometrial preparation protocol or the resistant endometrium protocol that involves a
longer low-dose estradiol period. In cryo-thaw cycles, on day 18 of the standard protocol,
patients underwent an ultrasound to determine sufficient endometrial development. If the
lining was =6 mm then intramuscular progesterone injections (or in very rare instances
progesterone vaginal suppositories) began and embryo transfer was scheduled for day 24. In
donor egg recipient cycles, patients were assessed for sufficient endometrial development
around day 18, progesterone began on the day of donor egg retrieval, and embryo transfer
occurred 6 days later (on day 5 of embryonic life).

Following embryo transfer, all clinical outcomes were assessed identically across fresh,
cryo-thaw, and donor-egg recipient cycles. Specifically, successful implantation was defined
as a serum B-hCG level >6 mlU/mL typically measured 17 days (range 15-20 days) after
egg retrieval, clinical pregnancy as the presence of an intrauterine pregnancy confirmed by
ultrasound at 6 weeks gestation, and live birth as the birth of a neonate on or after 24 weeks
gestation.

Covariate Assessment

At enrollment, height and weight were measured by a trained research nurse to calculate
body mass index (BMI) (kg/m?) and data on demographics, medical history, and lifestyle
characteristics was collected on a brief, nurse-administered questionnaire. Participants also
completed a detailed take-home questionnaire with additional questions on lifestyle factors,
reproductive health, and medical history. Census tract level median family income in the
past 12 months (in 2011 inflation-adjusted dollars) from the American Community Survey
2007-2010 was used as a proxy for socioeconomic status. Clinical information including
infertility diagnosis and protocol type was abstracted from electronic medical records.
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Statistical Analysis

Women were classified into categories of residential proximity to major roadways based on
cut points drawn to reflect the exponential-type pattern of spatial decay observed for some
components of traffic-related air pollution (Zhou and Levy 2007) and the distribution of this
exposure in our cohort (e.g. <50, 50-99, 100-199, 200-399, =2400m). A sizable proportion
of women had no traffic count data recorded for the road segments within 100m of their
home and as such their near distance traffic density was missing. Therefore, we classified
women into a zero or “missing” traffic density group and then quartiles for the remaining
women with available near-residence traffic density information. Descriptive statistics were
calculated across categories of distance to major roadway for demographic and initial cycle
characteristics. To test for differences across categories, Kruskal-Wallis tests were used for
continuous variables and chi-squared tests (or Fisher’s exact tests when cell counts were <5)
were used for categorical variables.

Multivariate generalized linear mixed models with random intercepts were used to evaluate
the association between distance to major roadways and traffic density and I'VF outcomes
while accounting for within-person correlations in outcomes. These models generate
unbiased estimates in the presence of an unbalanced design (e.g. different number of cycles
per woman) when data is missing at random and the model is correctly specified
(Fitzmaurice et al. 2004). A normal distribution and an identity link function were specified
for peak estradiol and endometrial thickness (both normally distributed), a Poisson
distribution and a log link function were specified for oocyte counts, and binomial
distribution and logit link function were specified for the clinical outcomes. Tests for trend
across categories were conducted using a variable with the median exposure level in each
group. All results are presented as population marginal means, at the average value of all the
covariates (Searle et al. 1980).

As a secondary analysis, we examined the possible non-linear relation between distance to
major roadways and residential traffic density to the odds of live birth non-parametrically
with the restricted cubic splines (Durrleman and Simon 1989). All models were specified
with a binomial distribution and logit link function and adjusted for age, BMI, race, and
smoking status, education level and census tract median income. The reference point for the
spline was set to the mean value in the population and the macro was allowed to choose up
to 3 knots. The maximum value for the x-axis was set at the 95th percent of the distribution.
For the analysis of residential traffic density, models were run with and without inclusion of
women who had no traffic count data recorded for the road segments within 100m of their
home.

Confounding was evaluated using prior knowledge and descriptive statistics from our cohort
through the use of directed acyclic graphs (Weng et al. 2009). Variables retained in the final
multivariable models were maternal age, race, BMI, education level, smoking status, and
census tract median income. Fully-adjusted models were run both with and without
adjusting for nulliparity and nulligravity since adjusting for reproductive history might lead
to overadjustment if residential distance to roadways is related to the inability to carry a
pregnancy to term which could manifest as nulliparity (Howards et al. 2007; Weinberg
1993). Sensitivity analyses were conducted using other buffer sizes for the residential traffic
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density exposure (50m and 200m). Effect modification by specific characteristics such as
age, smoking status, race, infertility diagnosis, cycle type (e.g. fresh, cryo-thaw, donor),
season the IVF cycle began (April-September vs. October-March), and insemination method
were tested using cross-product terms in the final multivariate models. A p-value for
interaction of <0.1 was considered suggestive; however for all other analyses a p-value<0.05
was considered statistically significant. Several sensitivity analyses were conducted to
evaluate the robustness of our results including restricting our analyses to 1) only the first
IVF cycle per woman, 2) only non-current smokers, 3) only autologous fresh IVF cycles,
and 4) only cycles with embryo transfer. SAS version 9.4 (SAS Institute, Cary, NC, USA)
was used for all statistical analyses.

Women in the EARTH cohort were, on average, 35.3 years of age (range: 21 to 47 years) at
the start of their first in-study IVF cycle and had a BMI of 24.2 kg/m? (range: 16.1 to 45.8
kg/m?) at enrollment. The majority of women were white (83%), never smokers (73%), with
a college education or higher (93%). Of the 726 IVF cycles included in the study, 601 (83%)
were fresh IVF cycles, 97 (13%) were autologous cryo-thaw cycles, and 28 (4%) were donor
egg-recipient cycles. A total of 650 (90%) of the initiated cycles had at least one embryo
transferred with 401 (55%) resulting in implantation, 349 (48%) in clinical pregnancy, and
284 (39%) in live birth (see Figure S2). Women were followed for a total of 1 (55%), 2
(26%), 3 (14%), or 4+ (5%) IVF cycles (with a maximum of 7 cycles).

Both residential distance to major roadway and near-residence traffic density were highly
skewed having a median (range) of 105 m (1 to 2410 m) and 1281 km*vehicles per day
(range 0 to 240,842 km*vehicles per day), respectively. The geographic distribution of
residential proximity to major roadways and traffic are shown in Figure 1 A & B. Women
who lived closer to major roadways were slightly less likely to be white (p-value=0.20),
have a college education or higher (p-value=0.05), and reside in a census tract with slightly
lower median income (p-value=0.02) (Table 1); however differences across categories were
small and most were only marginally statistically significant. All other demographic and
initial cycle-level characteristics were similar across categories of distance to major
roadways.

In multivariable models after adjusting for age, BMI, race, smoking status, education level,
and census tract median income, women who lived within close proximity of a major
roadway had lower probabilities of implantation and live birth following IVF (Table 2).
Compared to women who lived 2400 m from a major roadway, women who lived within 50
m of a major roadway had an adjusted difference in the probability of implantation and live
birth of 13% (62% vs. 49%, p-for-difference= 0.05) and 13% (46% vs. 33%, p-for-
difference=0.04), respectively. Traffic density within 100 m of a woman’s residence was not
associated with probability of implantation, clinical pregnancy, or live birth. The continuous
association between residential distance to major roadway and odds of live birth as modelled
using restricted cublic splines was similar to the association observed across categories (see
Figure S3). The same was true for the association between traffic density and odds of live
birth (see Figure S4A). However, when we excluded women with no traffic information
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within 100m of their residence, there was a suggestive inverse association between
residential traffic density and live birth (see Figure S4B), consistent with an adverse effect of
higher exposure to traffic.

In regards to intermediate endpoints of I\VVF, residential proximity to a major roadway was
not associated with the number of total, mature, or fertilized oocytes (Table 3); however,
there were marginally statistically significant associations with estradiol levels (p-
trend=0.16) and endometrial thickness (p-trend=0.06). Specifically, women who lived within
50 m of a major roadway had slightly higher estradiol levels (adjusted difference=152
pmol/L) and lower endometrial thickness (adjusted difference= —0.8 mm) compared with
women who lived =400 m from a major roadway. Near-residence traffic density was not
associated with any of the intermediate outcomes.

Effect estimates were slightly stronger when analyses were restricted to the first cycle per
woman and non-current smokers (see Table S1). Results were similar when donor egg
recipient cycles, cryo-thaw cycles, and cycles not making it to embryo transfer were
excluded. The null association between residential traffic density and clinical outcomes of
IVF was consistent whether the buffer size was a 50m, 100m, or 200m radius from the
woman’s residential address (see Table S2). There was no evidence of effect modification of
the association between residential proximity to major roadways and live birth by race (p-
interaction=0.27), smoking status (p-interaction=0.16), maternal age (p-interaction=0.35),
infertility diagnosis (p-interaction=0.47), cycle type (p-interaction=0.58), season the IVF
cycle began (p-interaction=0.31), or insemination method (p-interaction=0.76) (data not
shown). Results were also similar after further adjustment for nulliparity and nulligravidity.

Discussion

In a prospective cohort study of women in Massachusetts we found that closer residential
proximity to a major roadway was associated with lower probability of implantation and live
birth following IVF. The magnitude of this reduction was clinically relevant as the adjusted
difference in the percentage of cycles resulting in live birth comparing women living <50 m
vs. 2400 m from a major roadway was 13% which roughly corresponds to the difference in
live birth expected when comparing a woman who is 30 years to one that is 37 years
(McLernon et al. 2016). While residential distance to major roadways had a marginal inverse
association with estradiol and positive association with endometrial thickness, none of our
traffic-related exposures were associated with oocyte parameters or fertilization.

To our knowledge, our study is the first to evaluate the relationship between residential
proximity to major roadways and traffic density (as proxies for traffic-related air pollution)
and /n vitrofertilization outcomes; however, the existing literature on traffic-related air
pollution and infertility as well as specific air pollutants and I\VVF outcomes supports our
findings (Carre et al. 2017; Checa Vizcaino et al. 2016). Among women in the Nurses’
Health Study II, those who lived within 200 m of a major roadway had 1.11 (95% ClI 1.02—
1.20) times the risk of self-reported infertility compared to women living =200 m away
(Mahalingaiah et al. 2016). Among couples in the Longitudinal Investigation of Fertility and
the Environment (LIFE) Study, the likelihood of pregnancy was increased 3% for every 200
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m further away the couples’ residence was from a major roadway (Mendola et al. 2017).
Regarding specific air pollutants and spontaneous fertility, a cross-sectional study found that
the number of live births per 1000 women between the ages of 15 and 44 years was
significantly lower in census tracts with higher exposure to NOy, nitrogen dioxide (NO,),
fine particular matter (PM5 5), and course particulate matter (PMyg) (Nieuwenhuijsen et al.
2014). Moreover, a retrospective time to pregnancy cohort showed that higher levels of
PM, 5 and NO, in the 2 months before the end of the first month of unprotected intercourse
were associated with decreases in fecundability (Slama et al. 2013). While researchers from
the LIFE Study found no association between time-varying, cycle-averaged exposure to
various air pollutants and fecundability, they did find that acute exposure to ozone prior to
ovulation and nitrogen oxides around implantation was associated with a decrement in
fecundability and higher exposure to sulfate prior to ovulation and PM10 around
implantation were associated with slightly greater fecundability (Nobles et al. 2018). Further
work in this cohort also showed that chronic rather than acute exposure to ozone and PM2.5
throughout pregnancy was associated with pregnancy loss (Ha et al. 2018). Taken together,
these results support our findings that traffic-related air pollution may be associated with
lower fertility, specifically implantation failure that could manifest as infertility or lower
fecundability in spontaneous pregnancies and higher risk of pregnancy loss. Moreover, acute
exposure to air pollution during sensitive windows of the menstrual cycle and potentially
during the early stages of IVF may be particularly important for fecundity whereas chronic
exposure to air pollution may be a more relevant time window of susceptibility for
pregnancy loss.

Similar findings have been observed in studies of specific air pollutants and outcomes of
IVF. Legro and colleagues found that among women undergoing I\VF at three centers across
the northeastern US, higher estimated mean NO, concentrations at the woman’s address
throughout the I\VVF cycle was associated with a lower probability of live birth (Legro et al.
2010); however, none of the other criteria air pollutants (PM> 5, PM1g, SO,, or O3) showed
consistent associations. While this study did not specifically evaluate residential distance to
roadways or traffic density on outcomes of IVF, spatial-temporal models of residence-level
NO, concentrations consistently show that local traffic, particularly traffic within 50 m of
the residence, is a strong predictor of NO, concentrations (Clougherty et al. 2008; Hochadel
et al. 2006). On the other hand, among women who achieved clinical pregnancy following
IVF in Sao Paulo, Brazil, the risk of early pregnancy loss increased 5% per unit increase in
follicular-phase city-wide average PM1q concentrations. No effects, however, were observed
for earlier end points or for live birth rates (Perin et al. 2010a). In a separate study, these
same authors also found that higher follicular-phase city-wide concentrations of PM1 were
associated with a 2.6-fold increase in the risk of early pregnancy loss, regardless of the
method of conception (Perin et al. 2010b).

In our study we found no associations between our proxies for traffic-related air pollution
and oocyte yield and fertilization but possible effects on peak estradiol and endometrial
thickness levels suggesting that the adverse effects we observed of distance to roadways on
implantation could be potentially mediated by hormonal changes affecting the endometrium.
A handful of animal and laboratory studies further suggest that impaired embryo
development, altered placental function, and abnormal gene expression (all parameters we
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were unable to assess) could also be plausible mechanisms linking traffic-related air
pollution to lower probability of implantation and live birth. When zygotes obtained from
supraovulated mice after IVF were cultured in different concentrations of diesel exhaust
particles (DEP) (0, 0.2, 2, and 20 pg/cm?) for 5 days, a negative dose-response relationship
was observed for inner cell mass (ICM) cell number and ICM/trophectoderm ratio, pointing
to a shift of cell specification to the placental lineage and signifying altered early embryo
development (Januario et al. 2010). Moreover, while neither the adhesion nor the peri-
implantation development of mouse blastocysts on a fibronectin matrix was compromised by
the exposure to DEP, a significant impairment of ICM morphological integrity was seen,
suggesting that DEP could play an important role in disrupting the growth and viability of
the blastocyst even after successful implantation (Januario et al. 2010).

In animal models, pre-pregnancy and pregnancy exposure to nonfiltered ambient air sampled
close to a busy street of traffic resulted in morphological changes in the placenta, including
reductions in the volume of the maternal blood space and the maternal:fetal surface ratio
among mice (Veras et al. 2008) and reductions in placental efficiency, placental blood flow,
and fetal vessel volume among rabbits (Valentino et al. 2016) suggesting that maternal
vascular changes as a result of exposure to polluted air could result in a compromised
uterine environment. Finally, exposure to traffic-related air pollution has been linked to
increased inflammation, oxidative stress, DNA damage, and altered DNA methylation which
could all be possible biological mechanisms linking traffic-related air pollution to impaired
reproduction and more specifically impaired implantation or early embryo development
(Barth et al. 2017; Pacchierotti and Spano 2015).

There are some limitations to the present analysis. First, the availability of traffic volume
data, the coverage of roads in the traffic count station network, the spacing between stations,
and the frequency with which counts are taken are not uniformly collected across
Massachusetts and are all factors that influence the validity of our traffic density exposure
assessment. We also relied on the most recent version of MassGIS data (2013) for all the
women in our cohort despite the fact that some women began their IVF cycle as early as
2004. While a woman’s residential distance to a major road was unlikely to substantially
change based on the 2004 or 2014 road network, the traffic counts on these roads might have
changed. Taken together, these limitations of the MassGIS traffic data likely resulted in
substantial measurement error including having many women who lacked information on
traffic in road segments near their residence. These women represent a combination of
women who truly have very little traffic near their residence and those who do, but the
information is missing in the MassGIS database. While we saw null results overall for near
residence traffic density and probability of live birth in the categorical analysis, in the
continuous analysis, when we restricted to women with available traffic information, there
was a suggestion of an inverse association. Thus, it is hard to determine whether our null
results for near-residence traffic density and IVF outcomes are due to these combined,
substantial sources of measurement error or truly due to lack of biological effect. Women
who moved after enrollment into the EARTH study could also be an additional source of
measurement error for both exposure metrics, as the exact date of their address change is not
known.
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Additionally, distance to major roadways and traffic metrics do not capture the dispersion
and degradation profiles of the actual pollutant mix that originates from roadways and is
likely the ultimate source of adverse health effects (Jerrett et al. 2005). However, future
research in this cohort is planned to better ascertain which specific traffic-related pollutants
might be driving these associations. As with most other studies of roadway proximity, we
lacked information on greenspace, air purification systems, commuting patterns, and work
location which likely introduced error into our exposure assessment. However, many studies
suggest that metrics such as distance to roadways are reasonable surrogates for personal
monitoring of exposure to air pollutants (Gilbert et al. 2003; van Roosbroeck et al. 2006). As
this was an observational study, residual or unmeasured confounding may explain our
associations despite our ability to control for many important confounders such as age, body
weight, smoking status, education, and census tract median income. It is also possible
distance to roadways represents other harmful exposure besides air pollution such as noise
or neighborhood socioeconomic status. We did not adjust our p-values for multiple
comparisons given our low power, which could have resulted in chance findings. Most of the
women in our study also resided at the same address as their male partner, and while
preliminary work suggests no association between distance to roadways and semen quality
parameters in our cohort (Nassan et al. 2017), we cannot decisively link the detrimental
effect we observed solely to the female partner. Finally, our analysis only included women
residing in Massachusetts who were primarily living in an urban setting and undergoing IVF
at a single academic medical center. While this benefitted our analysis in terms of limiting
confounding across regions and IVF centers, it is unclear how generalizable our results will
be to all women undergoing I\VVF across the US, Europe, or other regions of the world where
air pollution from traffic may be different (for example, due to more or less diesel vehicles
on the roadways).

Despite these limitations, our study had many strengths including its prospective design and
the standardized assessment of a wide variety of participant characteristics including
smoking (which many other studies lacked). By studying a fertility clinic population we
were also able to utilize an efficient study design to investigate how traffic-related air
pollution influences clinically relevant, yet previously unobservable, outcomes in a
potentially vulnerable sub-population.

In conclusion, residing within 50 m of a major roadway had a negative impact on the
likelihood of implantation and live birth following IVVF in this cohort. As the number of
couples seeking medical treatment for infertility continues to rise (Kushnir et al. 2017), a
better understanding of how environmental factors impact outcomes of IVF remains an
important health issue particularly given the high costs and psychological toll of having to
undergo multiple IVF treatments (Brandes et al. 2009; Katz et al. 2011). Our research not
only corroborates evidence from studies among women attempting to conceive naturally
(Mahalingaiah et al. 2016; Mendola et al. 2017) and through assisted reproduction (Legro et
al. 2010), it further highlights that exposure to traffic-related air pollution may have an effect
on early implantation failure. More research is needed to evaluate which specific traffic-
related air pollutant(s) may be responsible for this association and whether there is a specific
window of heightened susceptibility to its adverse effects.

Environ Int. Author manuscript; available in PMC 2019 June 01.
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Highlights

We examined whether residential proximity to major roadways and traffic, as
proxies for traffic-related air pollution, are associated with /n vitro
fertilization (IVF) outcomes.

Closer residential proximity to major roadways was significantly associated
with lower probability of implantation and live birth following IVF.

Of the intermediate outcomes, there were suggestive associations between
living closer to major roadways and slightly higher estradiol trigger
concentrations and lower endometrial thickness.

Near-residence traffic density was not associated with outcomes of IVF.
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Figure 1.
Geographical distribution of residential distance to (A) nearest major roadway and (B) traffic

density within 100m of residence among 423 women (427 unique addresses) enrolled in the
Environmental and Reproductive Health Study (2004-2017).
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