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A B S T R A C T

Background: Prenatal mercury exposure has been related to reductions in anthropometry at birth. Levels of
mercury have been reported as being relatively elevated in the Spanish population.
Objective: To investigate the relation between prenatal exposure to mercury and fetal growth.
Methods: Study subjects were pregnant women and their newborns (n:1867) participating in a population-based
birth cohort study set up in four Spanish regions from the INMA Project. Biparietal diameter (BPD), femur length
(FL), abdominal circumference (AC), and estimated fetal weight (EFW) were measured by ultrasounds at 12, 20,
and 34 weeks of gestation. Size at and growth between these points were assessed by standard deviation (SD)
scores adjusted for constitutional characteristics. Total mercury (T-Hg) was determined in cord blood.
Associations were investigated by linear regression models, adjusted by sociodemographic, environmental,
nutritional – including four seafood groups – and lifestyle-related variables in each sub-cohort. Final estimates
were obtained using meta-analysis. Effect modification by sex, seafood intake and polychlorinated biphenyl
(PCB) congener 153 concentration was assessed.
Results: Geometric mean of cord blood T-Hg was 8.2 μg/L. All the estimates of the association between prenatal
Hg and growth from 0 to 12 weeks showed reductions in SD-scores, which were only statistically significant for
BPD. A doubling of cord blood T-Hg was associated with a 0.58% reduction in size of BPD at week 12 (95%
confidence interval -CI-: − 1.10, − 0.07). Size at week 34 showed estimates suggestive of a small reduction in
EFW, i.e., a doubling of T-Hg levels was associated with a reduction of 0.38% (95% CI: − 0.91, 0.15). An
interaction between PCB153 and T-Hg was found, with statistically significant negative associations of T-Hg with
AC and EFW in late pregnancy among participants with PCB153 below the median.
Conclusions: Exposure to mercury during pregnancy was associated with early reductions in BPD. Moreover, an
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biparietal diameter; BMI, body mass index; BW, birth weight; CI, confidence interval; CRL, crown-rump length measurement; DHA, docosahexaenoic acid; EFW, estimated fetal weight;
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antagonism with PCB 153 was observed with noteworthy reductions late in pregnancy in AC and EFW in the
group with lower PCB153.

1. Introduction

Fetuses and children are especially vulnerable to the adverse effects
of environmental toxicants because, in comparison to adults, their or-
gans and systems are still developing, their detoxification mechanisms
are not yet fully mature, and they have higher absorption rates (Selevan
et al., 2000). Altered fetal growth and low birth weight have been as-
sociated with an increased risk of multiple diseases later in life, in-
cluding hypertension, obesity, cardiovascular diseases, and diabetes
(Gluckman et al., 2008; Guallar et al., 2002;Zheng et al., 2016). Fetal
exposures to environmental contaminants, even at low doses, can result
in reduced fetal growth or functional changes that may affect the re-
lative development of various organs, leading to persistent alterations
in physiologic and metabolic homeostatic set points (Gluckman et al.,
2008; Barouki et al., 2012).

Mercury (Hg) is a heavy metal of global concern owing to its ubi-
quity and persistence in the environment and, more especially, because
of its negative effects on human health (UNEP, 2013). The main per-
turbing impact is the proven developmental neurotoxicity of methyl-
mercury (MeHg), its most prevalent organic form (Grandjean and
Landrigan, 2006). The potential impact of moderate chronic exposure
to MeHg on fetal growth is uncertain (Karagas et al., 2012), but evi-
dence suggests an effect, especially from some studies within the upper
range of current levels of exposure (Lee et al., 2010; Ramon et al., 2009;
Dallaire et al., 2013; Tang et al., 2016). In their review Karagas et al.
(2012) concluded that this exposure might affect fetal growth but more
research was needed.

To date most of the studies have assessed this relation using an-
thropometric measures at birth as a proxy for fetal growth (Karagas
et al., 2012; Taylor et al., 2016). However, by using these measures a
distinction cannot be drawn between small but healthy fetuses and
those with restricted growth during the fetal period. The use of long-
itudinally measured fetal biometry could be useful to examine these
changes. This approach would also allow the identification of the per-
iods when effects could occur as well as the fetal body segments af-
fected. These facts could be of interest regarding postnatal growth and
health later in life (Karagas et al., 2012; Gluckman et al., 2008; Zheng
et al., 2016). To our knowledge only one study has assessed the relation
between prenatal Hg exposure and ultrasound fetal measurements in
two periods of pregnancy (Drouillet-Pinard et al., 2010), i.e., in the
French EDEN cohort study, a negative association was reported be-
tween hair Hg in 691 pregnant women and fetal biparietal diameter at
20–24 weeks of gestation.

Exposure to Hg has been reported as relatively elevated in the
Spanish population, including vulnerable groups such as pregnant
women, fetuses and children, compared with other populations in
Europe and globally (Ramon et al., 2011; Esteban et al., 2015; Sheehan
et al., 2014). These elevated levels have been related to seafood con-
sumption (Ramon et al., 2011; Castaño et al., 2015), the main source of
MeHg exposure in human populations. Fish is an important source of
beneficial nutrients, like high-quality proteins, vitamins, minerals and,
especially, n-3 long-chain PUFA. Fish intake during pregnancy has been
associated with increased birth size (Leventakou et al., 2014;
Brantsæter et al., 2012). But fish can also be a source of toxicants other
than Hg, such as polychlorinated biphenyls (PCBs) (Llop et al., 2010),
which have been shown to be related to decreased birth weight
(Govarts et al., 2012; Lopez-Espinosa et al., 2016). Accordingly, when
analyzing the influence of prenatal Hg exposure on fetal growth, it is
important to make adequate adjustments for fish intake as well as re-
lated nutrients and other toxicants (Choi et al., 2008, 2014; Dallaire

et al., 2013). Moreover, other environmental exposures (i.e., air pol-
lution) related with fetal growth in our study population should also be
taken into account (Iñiguez et al., 2016).

Within the Spanish INMA (Environment and Childhood) multicenter
birth cohort study, besides reporting elevated cord blood total Hg (T-
Hg) levels (Ramon et al., 2011), we have recently assessed the asso-
ciation with birth outcomes (Murcia et al., 2016). There, an association
of T-Hg levels with a decrease in placental weight, as well as with head
circumference, was reported. In this work we aim to investigate the
relation between prenatal exposure to T-Hg and longitudinally mea-
sured fetal biometry in the INMA Project.

2. Materials and methods

2.1. Study design and sample

The INMA Project is a mother-and-child cohort study established in
2003 in different areas of Spain following a common protocol (Guxens
et al., 2012). This study was based on the sub-cohorts sited in Asturias,
Gipuzkoa, Sabadell, and Valencia. The Hospital Ethics Committees of
each area approved the research protocol.

Fig. 1 shows the population participating in the different analyses of
this study. A total of 2644 eligible women (aged 16 years or more,
enrollment at 10–13 weeks of gestation, with a singleton pregnancy,
non-assisted conception, delivery scheduled at the reference hospital,
and no communication impairment) were recruited in the first trimester
of pregnancy and gave their written informed consent prior to inclusion

Fig. 1. Flow chart of the population at study. Footnotes: * Depending on different out-
comes. ** sub-population with T-Hg concentrations above the current US Environmental
Protection Agency reference dose (6.4 µg/L of T-Hg equivalent to 5.8 µg/L of MeHg).
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