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We thank Drs. Ha and Mendola for their thoughtful com-
ments (1) on our study of associations of meteorological con-
ditions and air pollution levels with preterm birth risk (2).

Over the last decade, the spatial resolution of exposure
models for atmospheric pollution has improved. Ha and
Mendola mention, among other models, dispersion models
as possibly more relevant alternatives to the land-use regres-
sion (LUR) approach used in the European Study of Cohorts
for Air Pollution Effects (ESCAPE), in which our study was
embedded. It should be noted that, although not explicitly
considered by LUR models, meteorological conditions are
still indirectly taken into account through their influence on
local air pollution levels, which constitute an entry parameter
of our seasonalized LUR model (2, 3). A detailed comparison
of the yearly estimates of our LUR model and of dispersion
models at home addresses, made in the European Study
of Cohorts for Air Pollution Effects, showed a median
(Pearson’s r) correlation of 0.75 for nitrogen dioxide and
0.29 for fine particulate matter, with stronger agreement
in areas where dispersion models were more predictive of
the local measurements done to define LUR models (4).
These models should not be opposed, and estimates from
dispersion models and other models can actually be fed into
LUR models to increase their predictive ability (5).

Further improving the spatial resolution of models below
the 10-m to 100-m values of typical current models is
unlikely to significantly improve accuracy in exposure esti-
mates as long as the time-space activity of pregnant women
is not considered (6). In a small-scale study of pregnant
women carrying Global Positioning System devices in a
mid-size French city, incorporating time-space activity in an
exposure estimate based on an (outdoor) dispersion model
produced little change in exposure estimates for fine particu-
late matter (a pollutant with limited spatial variability within
urban areas) and somewhat larger but still limited changes
for nitrogen dioxide exposure estimates (7). More generally,

it has been shown that bias in dose-response functions due
to ignoring time-space activity is likely to increase as spatial
resolution of exposure models becomes finer (6).

Taking indoor air pollution levels into account seemed to
have a greater impact on exposure estimates (7), which is
coherent with the limited correlation reported between per-
sonal and outdoor exposures outside the context of preg-
nancy (8). However, dosimeters cannot easily be carried for
more than a few weeks during a pregnancy, thus offering
a better consideration of indoor levels at the cost of a
decreased ability to test numerous exposure windows dur-
ing the pregnancy. Modeling indoor infiltration of outdoor
pollutants could be a way to better take indoor levels into
account without decreasing the temporal resolution of expo-
sure estimates (9).

Considering larger areas is an option for increasing the
sample size. As Ha and Mendola rightly pointed out (1),
there is no consensus as to the best way to correct for bias
possibly resulting from the consideration of large study
areas (10). The main concern here relates to confounding
bias. In the context of a birth cohort, Pedersen et al. (10)
showed that as the area considered around the city centers
was extended, thus increasing sample size, the heterogene-
ity of the population increased in terms of disease risk fac-
tors, thus increasing the potential for bias in a situation
where all confounders cannot be perfectly measured; this is
but an illustration of the well-known bias-variance tradeoff.
We chose to adjust for the study area using a random-
effect covariate (2). In the case of associations with first-
trimester atmospheric pressure, not adjusting for study
center at all did not yield an increased point estimate (odds
ratio per 5-mBar increase = 1.04, compared with 1.06 after
controlling for study center with a random-effect variable)
(2); taking the study center into account might indeed lead
to overadjustment, but it can reduce confounding bias due
to variations between locations in the risk factors for preterm
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birth. Alternatives exist (11), and further work is needed to
identify the least biased approach to take the study center
and, more generally, unmeasured spatially varying confoun-
ders into account.

We considered preterm (before 37 gestational weeks)
and very preterm (before 32 completed gestational weeks)
births. As Ha and Mendola suggested, we have conducted
an analysis of the risk of early term birth (births occurring
at 37–38 weeks, using births taking place at ≥39 weeks as
the reference group). These analyses indicated a monotonic
association between the risk of early term birth and temper-
ature averaged until week 37 (odds ratio = 1.24 per 10°C
increase, 95% confidence interval: 1.06, 1.46) and no asso-
ciation with first-trimester average atmospheric pressure
(P = 0.53)—a different pattern from that observed for pre-
term birth risk (2). Discerning preterm birth cases according
to the underlying maternal, placental, or fetal conditions
would be another relevant step in the future.

Our study provided an illustration of bias that can arise
when analyzing associations of preterm birth risk with ex-
posures during a time window spanning until birth, as is
the case of exposures during the third trimester of preg-
nancy. When associations with this exposure window were
estimated using a statistical model that did not accommo-
date time-varying exposures, such as logistic regression, a
clear bias was highlighted for temperature, compared with
estimates using a survival analysis (2). Such a bias may
occur for other time-varying exposures, such as exposure
to atmospheric pollutants. A meta-analysis indicated that
there was no overall evidence for variations in preterm
birth risk with particulate-matter levels assessed in either
the first or second trimesters of pregnancy (12). The meta-
analysis was in support of a detrimental association only for
the third-trimester and whole-pregnancy exposure windows
(12). These are precisely the exposure windows for which
the potential exists for the bias related to exposures of term
and preterm births being averaged over different durations
when logistic regression is used, which seems to have been
the case for most of these studies. For these reasons, we
believe an important step to move the question forward
would be for authors of past studies to repeat their analy-
ses of third-trimester and whole-pregnancy exposure win-
dows using a survival approach or any other approach
that can reduce the potential for this bias to happen. This
is likely to shed some light on the important but still dus-
ky area of air pollution effects on preterm birth risk.
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