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Abstract

Leptin is an important pleiotropic hormone involved in the regulation of nutrient intake and
energy expenditure, and is known to influence body weight in infants and adults. High maternal
levels of arsenic have been associated with reduced infant birth weight, but the mechanism of
action is not yet understood. This study aimed to investigate the association between in utero
arsenic exposure and infant cord blood leptin concentrations within 156 mother-infant pairs from
the New Hampshire Birth Cohort Study (NHBCS) who were exposed to low to moderate levels of
arsenic through well water and diet. In utero arsenic exposure was obtained from maternal second
trimester urinary arsenic concentration, and plasma leptin levels were assessed through
immunoassay. Results indicate that urinary arsenic species concentrations were predictive of
infant cord blood leptin levels following adjustment for creatinine, infant birth weight for
gestational age percentile, infant sex, maternal pregnancy-related weight gain, and maternal
education level amongst 149 white mother-infant pairs in multivariate linear regression models. A
doubling or 100% increase in total urinary arsenic concentration (iAs + MMA + DMA) was
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associated with a 10.3% (95% CI: 0.8-20.7%) increase in cord blood leptin levels. A 100%
increase in either monomethylarsonic acid (MMA) or dimethylarsinic acid (DMA) was also
associated with an 8.3% (95% CI: —1.0-18.6%) and 10.3% (95% ClI: 1.2-20.2%) increase in cord
blood leptin levels, respectively. The association between inorganic arsenic (iAs) and cord blood
leptin was of similar magnitude and direction as other arsenic species (a 100% increase in iAs was
associated with a 6.5% (95% CI: —3.4-17.5%) increase in cord blood leptin levels), albeit not
significant. These results suggest in utero exposure to low levels of arsenic influences cord blood
leptin concentration and presents a potential mechanism by which arsenic may impact early
childhood growth.
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1 Introduction

New research suggests an association between arsenic exposure and leptin (Ahmed et al.,
2011; Fei et al., 2013). Leptin is an adipocyte hormone encoded by the LEP gene in humans
(Li, 2011) that is well known for its role in regulating satiety, energy expenditure, and fat
mass in both adults and infants (Friedman, 2002). Prenatal exposure to arsenic during
pregnancy has also been associated with decreased fetal size at birth — specifically in the
lower ranges of arsenic exposure (Rahman et al., 2009). In a Bangladeshi cohort of mother-
infant pairs, arsenic exposure during pregnancy was found to be positively associated with
leptin expression in the placenta as detected by immunohistochemistry, when using
measures of maternal urinary arsenic collected at 30 weeks of gestation as the exposure
(Ahmed et al., 2011). To our knowledge, no studies have investigated the association
between maternal urinary arsenic and leptin expression in infant cord blood.

The placenta (Linnemann et al., 2004) and fetal adipose tissues (Lepercq et al., 2001)
produce the majority of leptin that circulates in the fetus; in addition, some leptin is actively
transported across the placenta from the mother (Linnemann et al., 2004). Cord blood leptin
levels have been shown to closely reflect intravenous leptin levels in infants within the first
6 hours of life, indicating that cord blood concentrations are similar to circulating leptin
levels within the infant at birth (Harigaya et al., 1997). Interestingly, female infants have
been shown to have higher cord blood leptin levels at birth when compared to male infants
(Alexe et al., 2006). Cord blood leptin levels are positively correlated with birth weight as
well as birth weight for gestational age (Fonseca et al., 2004; Forhead and Fowden, 2009;
Geary et al., 1999; Karakosta et al., 2013; Mantzoros et al., 2009; Mullis and Tonella, 2008;
Schubring et al., 1997) and explain ~21% of the variation in birth weight between infants
(Karakosta et al., 2011). Fetal leptin levels seem to reflect fetal adiposity rather than affect
fetal weight gain as infants with congenital leptin deficiency (Montague et al., 1997; Strobel
et al., 1998) or leptin receptor mutations (Clement et al., 1998) are born with normal birth
weights.

Leptin plays an important role in the regulation of weight gain during infancy and early
childhood growth (Fonseca et al., 2004; Mantzoros et al., 2009; Montague et al., 1997; Ong
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et al., 1999; Strobel et al., 1998). Infants with leptin deficiency or non-functional leptin
receptors have rapid weight gain in early life (Clement et al., 1998; Montague et al., 1997;
Strobel et al., 1998). Amongst healthy and preterm infants (Fonseca et al., 2004) without
monogenic forms of obesity, English and American studies have associated higher cord
blood leptin with less weight gain or catch-up growth up to 6 months (Mantzoros et al.,
2009) and 2 years of age (Ong et al., 1999), and lower adiposity at 3 years of age
(Mantzoros et al., 2009). This work suggests that slight imbalances to infant leptin levels
due to gestational exposures may influence future weight phenotypes.

Arsenic (As) is a metalloid element that is ubiquitous in the environment (Jomova et al.,
2011; Watanabe and Hirano, 2012), and has well-documented toxicity in humans (Chen et
al., 2007; Watanabe and Hirano, 2012). The most common routes of non-occupational
arsenic exposure is through food and drinking water (Jomova et al., 2011; Watanabe and
Hirano, 2012). In the state of New Hampshire, unregulated private wells are commonly used
as the home water supply, and an estimated one in ten New Hampshire homes rely on a well
with water arsenic concentrations exceeding the Environmental Protection Agency’s
recommended maximum of 10 pg/L (Environmental Protection Agency, 2001; Jomova et
al., 2011; Karagas et al., 2002; Karagas et al., 1998). Upon ingestion, inorganic arsenic (iAs)
is sequentially converted to monomethylated (MMA) and dimethylated (DMA) arsenic
species, and all three species are primarily excreted through urine (Jomova et al., 2011;
Watanabe and Hirano, 2012).

Arsenic is a contaminant of particular concern for pregnant women, as it is known to freely
transport from mother to fetus through the placenta, with in utero arsenic exposure
concentrations approximating those experienced by the mother throughout pregnancy
(Concha et al., 1998; Vahter, 2009). Furthermore, even low levels of in utero exposure to
arsenic may result in decreased fetal birth size (Rahman et al., 2009). The previously
observed associations between leptin and infant weight, and prenatal arsenic exposure and
infant birth weight, support the investigation of a relationship between arsenic exposure and
infant leptin levels, as arsenic may influence infant weight through leptin.

This study investigates whether exposure to arsenic in utero (as measured through maternal
excretion of arsenic species in urine) can predict infant cord blood leptin levels in a
population exposed to relatively low levels of arsenic through diet and well water.

2 Materials & Methods

2.1 Study population

The study population consisted of 156 mother-infant pairs who were participants in the
ongoing New Hampshire Birth Cohort Study (NHBCS), and were enrolled between January
2009 and June 2009. The mother-infant pairs chosen for this study represent a convenience
sample of the first 156 mother infant pairs from the NHBCS with sufficient maternal and
cord blood plasma for leptin analysis, as well as sufficient maternal urine samples for
arsenic analysis. The NHBCS has been described in detail elsewhere (Farzan et al., 2013;
Fei et al., 2013; Gilbert-Diamond et al., 2011; Koestler et al., 2013). Briefly, mothers were
enrolled at ~24-28 gestational weeks at study clinics in New Hampshire, USA, beginning
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January, 2009. Mothers included in the cohort were literate in English, mentally competent,
between 18-45 years old, and reported using a private, unregulated well for their home
drinking water since their last menstrual period. Infants included in the cohort were
singleton, live pregnancies. Self-reported sociodemographic (age, race/ethnicity, marital
status, level of education), lifestyle (including tobacco and alcohol use, previous
pregnancies, complications, birth outcomes), and clinical data were derived from pre- and
post-delivery questionnaires and a medical records review. Participants provided informed
consent in accordance with the policies set up by the Institutional Review Board (IRB) and
Dartmouth College.

2.2 Sample collection

Infant cord blood samples were collected at the time of delivery by trained obstetrical staff.
Cord blood samples were centrifuged and separated into components which were then
aliquoted, and the plasma component was stored at —80 °C in liquid nitrogen until plasma
leptin concentrations were assayed.

Urine samples were requested from study participants during a routine second trimester
prenatal visit. Maternal spot urine samples were collected from study participants at the time
of enrollment (between ~24-28 weeks of gestation). Samples were collected in pre-labelled,
acid washed bottles containing 30 pL of 10 nM diammonium diethyldithiocarbamate to
stabilize arsenic species, and were subsequently frozen within 24 hours of sample collection
at —80 °C until analysis. Analysis occurred at the University of Arizona Hazard
Identification Core.

2.3 Leptin concentration analysis

Infant cord blood leptin concentration levels (pg/mL) were measured using the standard
manufacturer’s protocol for the MILLIPLEX MAP® Human Adipokine Magnetic Bead
Panel 2 (Millipore, Billerica, Massachusetts) by DartLab, Geisel School of Medicine at
Dartmouth College. Standards and spikes were measured in triplicate, undiluted cord blood
samples were measured once, and blank values were subtracted from all readings. The mean
intra-plate and inter-plate assay quality controls were 8.27% and 13.51%, respectively. In
total, n = 156 infant cord blood samples were assayed for leptin protein levels. All leptin
concentrations were within the detection range of the assay (0.192 to 600 ng/mL) and fell
within the quality control/assurance acceptability limits of 70-130%.

2.4 Urinary arsenic concentration analysis

The urinary concentrations (ug/L) of arsenite (As'!"), arsenate (AsY), monomethylarsonic
acid (MMAY), dimethylarsinic acid (DMAVY), and arsenobetaine were measured using a
high performance liquid chromatography (HPLC) ICP-MS system at the University of
Arizona Hazard Identification Core, and has been described in detail elsewhere (Farzan et
al., 2013; Fei et al., 2013; Gilbert-Diamond et al., 2011; Koestler et al., 2013). Detection
limits ranged from 0.10 to 0.15 pg/L for individual arsenic species (no samples were below
the detection limit). Urinary creatinine levels (mg/dL) were also measured to control for
urinary dilution (Barr et al., 2005; Gamble and Liu, 2005; Nermell et al., 2008) using
Cayman’s creatinine assay kit and protocol. Inorganic arsenic (iAs) was calculated as the
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sum of As!l and AsV. Total As was calculated as the sum of iAs, MMAY and DMAV.
Arsenobetaine was excluded from the total, because it is believed to be nontoxic.

2.5 Statistical analysis

All statistical analyses were performed in R version 3.0.1. We investigated individual
predictors of arsenic and infant leptin with univariable linear regression models. Median
maternal urinary arsenic concentrations were compared using the Mann-Whitney-Wilcoxon
test and Kruskal-Wallis test for binary and categorical independent variables, respectively.

Linear regression models were then used to regress natural log-transformed infant cord
blood leptin levels (outcome) on natural log-transformed maternal urinary arsenic species
concentrations (predictor). The loge-transformation was employed to normalize the
distributions. Models were adjusted for infant birth weight for gestational age percentile
(Fenton and Kim, 2013) due to its known association with infant leptin and potential
association with arsenic. Models also included urinary creatinine concentration to control for
urinary dilution (Barr et al., 2005; Gamble and Liu, 2005; Nermell et al., 2008). Additional
potential confounders were evaluated to see if they altered the relationship between urinary
arsenic and cord blood leptin, and were retained in the final adjusted models if they resulted
in a £10% change in the coefficient estimate for total urinary arsenic concentration. The
potential confounders selected a priori for evaluation were: infant sex and race, as well as
maternal pre-pregnancy BMI, pregnancy-related weight gain, age at delivery, race, parity,
education level, smoking status during pregnancy, and alcohol consumption during
pregnancy. The final adjusted models controlled for continuous infant birth weight for
gestational age percentile, continuous creatinine concentration, infant sex, continuous
maternal pregnancy-related weight gain, and categorical maternal education level (any high
school, any college or technical school, college graduate, or any postgraduate). Non-white
mother-infant pairs were excluded from the analysis due to their small numbers (n=7
mother-infant pairs), resulting in the analysis of 149 exclusively white mother-infant pairs.
We performed additional analyses stratified by sex, as differential leptin concentration by
sex has been reported in some studies (Alexe et al., 2006; Harigaya et al., 1997; Schubring
etal., 1997).

We calculated the increase in cord blood leptin according to tertile of maternal total urinary
arsenic amongst the white mother-infant pairs using the adjusted regression coefficient
estimates and the following covariate values: creatinine = 71.43 mg/dL (median), birth
weight for gestational age percentile = 0.55 (mean), female infant sex, maternal pregnancy-
related weight gain = 30.7 Ibs (mean), and college graduate for maternal education (most
common).

Infant race was used to impute maternal race when missing (n = 16) and maternal race was
used to impute infant race when missing (n = 2). Missing creatinine was imputed using the
median value, 71.43 mg/dL (n = 10). A missing stratum method (Jones, 1996) was used to
deal with missing maternal education level (n = 17), alcohol consumption during pregnancy
(n = 42), and smoking status during pregnancy (n = 17).
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In a sensitivity analysis, mothers with gestational diabetes (n = 8) during the current
pregnancy were excluded. In another sensitivity analysis, participants with maternal urinary
total arsenic concentrations or infant cord blood leptin levels > 3 standard deviations for
each biological measure (n = 5) were excluded. Further covariate adjustment for maternal
pre-pregnancy BMI was performed. Finally, to investigate the sensitivity of results to
adjustment by creatinine in comparison to using creatinine-adjusted arsenic concentrations
(where the concentration of arsenic is divided by the concentration of creatinine prior to
loge-transformation), we created a model that used creatinine-adjusted arsenic concentration
as the predictor.

3.1 Descriptive statistics

The study participants consisted of 156 women and their infants enrolled in the NHBCS
(Table 1). There were 78 female and 78 male infants. Approximately 85% of infants were of
average birth weight for gestational age based on national standards and growth curves for
each infant sex (Fenton and Kim, 2013). The mean gestational age was 39.6 weeks (standard
deviation = 1.4 weeks), and gestational age ranged from 35.1 to 44.8 weeks. Mothers’ age
ranged from 19.9 to 40.0 years at delivery with a mean age of 31.5 years. Mothers were
primarily of healthy BMI (18.5-25 kg/m?2, 53%), white (96%), married (84%), and college
educated (38%).

The mean gestational age at enroliment and maternal urine collection was 24.7 weeks
(standard deviation = 2.3 weeks). For our study participants, concentration of total arsenic in
well water samples ranged from 0.024 to 58.01 pg/L with a median of 1.18 pg/L. Maternal
urinary total arsenic concentrations had a median (interquartile range, IQR) of 4.3 pg/L
(2.15-6.75 pg/L) (Table 1), and maternal urinary iAs concentrations had a median of 0.28
pg/L (0.18-0.55 pg/L). Median maternal urinary MMA and DMA concentrations were 0.34
pg/L (0.18-0.53 pg/L) and 3.59 pg/L (1.72-5.67 pg/L), respectively. Maternal urinary total
arsenic concentration was positively associated with non-white maternal and infant race (P =
0.03 and 0.05, respectively). Maternal urinary arsenic was not associated with any other
maternal or infant characteristics in this sample.

Median leptin levels were significantly higher amongst female infants (32.7 ng/mL) when
compared to male infants (21.2 ng/mL, P < 0.001) (Table 1). Leptin levels were positively
correlated with infant birth weight for gestational age percentile (Pearson’s r=0.31, P <
0.001). Infant cord blood leptin was not associated with any other maternal or infant
characteristics in this sample.

3.2 Association between arsenic and leptin

Maternal urinary concentrations of iAs, MMA, DMA, and total arsenic showed a positive
association with infant cord blood leptin concentrations when unadjusted for potential
confounders amongst 149 white mother-infant pairs, and were also positively associated
with infant cord blood leptin concentrations following covariate adjustment (Table 2). After
adjustment for potential confounders, each 100% increase or doubling in iAs was associated
with a 6.5% (95% Cl: —3.4-17.5%) increase in infant cord blood leptin; each 100% increase
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in MMA was associated with an 8.3% (95% CI: —1.0-18.6%) increase in infant cord blood
leptin; each 100% increase in DMA was associated with a 10.3% (95% CI: 1.2-20.2%)
increase in infant cord blood leptin; and each 100% increase in total urinary arsenic was
associated with a 10.3% (95% CI: 0.8-20.7%) increase in infant cord blood leptin. There
was a 37.7% increase in cord blood leptin concentration when comparing the 3rd tertile of
maternal total urinary arsenic to the 1st tertile (P = 0.06) in adjusted models (Figure 1), and
similar increases in cord blood leptin for tertiles of iAs, MMA and DMA were observed
(Supplemental Figures S1-S3).

Aside from arsenic, Fenton (2013) birth weight for gestational age percentile and female sex
were positively associated with cord blood leptin concentration (Table 2). Maternal urinary
creatinine was negatively associated with cord blood leptin concentration in adjusted
models. Lower maternal educational level was positively associated with cord blood leptin
concentration, but only weakly so. No evidence for an interaction between infant sex and
any maternal urinary arsenic species was found (P for interaction with total As = 0.82, with
MMA = 0.71, with DMA = 0.74, and with iAs = 0.97). Sex-stratified results showed a
similar positive association between maternal urinary arsenic concentrations and infant cord
blood leptin concentration following adjustment for potential confounders amongst white
mother-infant pairs (Supplemental Tables S2 and S3). In this small study, we did not
observe an overall association with infant birth weight and maternal urinary arsenic
concentrations (Table 1, Supplemental Table S1).

Sensitivity analyses that excluded participants with a gestational diabetes diagnosis, and
women with extreme or outlying values of maternal urinary total arsenic or infant cord
blood leptin levels (= 3 standard deviations for each biological measure) resulted in similar
association estimates. Further adjustment for maternal pre-pregnancy BMI did not
substantially change the results. Prediction of leptin levels by creatinine-adjusted arsenic
concentrations resulted in estimates of similar magnitude and statistical significance. No
statistically significant departure from linearity was observed in the relationship between
maternal arsenic and cord blood leptin concentration in generalized additive models (data
not shown for sensitivity analyses).

4 Discussion

We found maternal arsenic exposure during pregnancy to be positively associated with
infant cord blood leptin levels after adjusting for potential confounders. Our observation of a
positive association between in utero arsenic exposure and cord blood leptin concentration
complements results from a Bangladeshi study that examined in utero arsenic exposure and
placental leptin levels (Ahmed et al., 2011). In a region of rural Bangladesh subject to large
variations in well water arsenic, urine samples were collected from 130 pregnant women
around 30 weeks of gestation, and placental samples were collected at delivery (Ahmed et
al., 2011). Amongst the Bangladeshi mothers, maternal urinary total arsenic concentrations
were ~18 times greater than the mean urinary arsenic measured in the mothers from the
NHBCS, and each quartile increase in total urinary arsenic concentration was associated
with a 0.31% (95% CI: 0.15, 0.47%) increase in placental leptin expression measured by
immunostaining following adjustment for maternal age, SES, and tobacco chewing (Ahmed
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etal., 2011). The upregulation of infant leptin associated with in utero arsenic exposure
appears to be consistent between Bangladeshi and New Hampshire infants, despite the vastly
different social and geographical contexts of each study, and leptin assessment in different
tissues.

Several studies suggest that cord blood leptin concentration is related to early life growth
trajectories (Boeke et al., 2013; Fleisch et al., 2007; Mantzoros et al., 2009; Ong et al.,
1999). Among 197 infants of the British Avon Longitudinal Study of Pregnancy and
Childhood, cord blood leptin concentration was inversely related to weight gain from birth
to 4 months of age, and accounted for 6.6% of the variance in weight gain for that time
period after adjusting for birth weight (Ong et al., 1999). Among 588 American children
participating in the Project Viva birth cohort, higher cord blood leptin concentration was
associated with a negative change in weight-for-length z scores during the first 6 months of
age (unadjusted Spearman’s = —0.33, P < 0.0001) (Mantzoros et al., 2009). While
speculative, even small increases in cord blood leptin levels associated with in utero arsenic
exposure may influence infant growth following birth — but this will need further
exploration.

In human epidemiologic studies, limited evidence for decreased birth weight and birth size
exists in the context of maternal arsenic consumption through drinking water (Bloom et al.,
2014). A Flemish study found the odds of having an SGA infant increase 1.65 (95% CI:
1.15-2.37) times with each interquartile range increase in cord blood arsenic concentrations
(Govarts et al., 2012), and it was suggested that arsenic may influence fetal growth. Prenatal
exposure to arsenic during pregnancy has been associated with decreased fetal birth size
specifically in the lower ranges of exposure (Rahman et al., 2009). In a Bangladeshi cohort,
birth weight decreased by 1.68 g (standard error = 0.62 g) for each 1 ug/L increase in
maternal urinary arsenic in the exposure range of 0-100 pg/L of urinary arsenic (Rahman et
al., 2009). Another study conducted in Bangladesh found maternal hair arsenic collected
during a prenatal visit (a measure of historical arsenic exposure) to be associated with
decreased infant birth weight (Huyck et al., 2007). We did not find evidence of an
association between arsenic and birth weight in our study; however, our study may have
been underpowered to examine this outcome.

Animal studies have also investigated the effects of arsenic exposure on birth outcomes and
growth following birth. Pups of pregnant mice that consumed drinking water containing 100
ng/L arsenic from gestational day 8 to birth had lower birth weights compared to mice born
of mothers who did not consume arsenic through drinking water — with male infant mice
being more affected than females (Ramsey et al., 2013). The pups exposed to arsenic in
utero experienced catch-up growth and eventually matched the weight of the unexposed
offspring (Ramsey et al., 2013). Another mouse study found that pups exposed to water
contaminated with arsenic at 10 ug/L postnatally had growth deficits compared to
unexposed offspring (Kozul-Horvath et al., 2012). Therefore, arsenic may be an early life
toxicant that impacts growth both prenatally and postnatally.

Infants with lower birth weight often experience more rapid weight gain during early
infancy up to 2 years of age: a phenomenon termed “catch-up growth”, which may protect
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against mortality and hospital admissions (Hack et al., 1984; Ong et al., 2000; Victora and
Barros, 2001). The lower leptin levels associated with low birth weight may facilitate this
catch up growth through increased appetite signalling (Blundell et al., 2001). If arsenic is
related to both lower birth weight (Rahman et al., 2009) and higher leptin (independent of
birth weight), then infants exposed to in utero arsenic may not undergo the expected and
beneficial catch-up growth due to suppressed hunger cravings (Blundell et al., 2001). A
study of 2372 infants in Bangladesh found that maternal urinary arsenic at 30 weeks
gestation was related to decreased attained weight during the first 2 years of life (Saha et al.,
2012), though the associations were largely attenuated after adjustment for infant age,
maternal BMI, and socioeconomic status. The association between in utero arsenic exposure
and early growth has still not been studied in American populations.

This study is the first known, to our knowledge, to evaluate the association between arsenic
exposure and cord blood leptin in a population with arsenic exposure levels that could be
considered common in the United States population. Our study was strengthened by using
sensitive methodologies to measure a biomarker of in utero exposure to both inorganic
arsenic and its metabolites. A limitation of our study was the reliance on a single maternal
second trimester urine sample to estimate in utero arsenic exposure. Studies suggest,
however, that urinary arsenic is relatively stable over time (Kile et al., 2007; Navas-Acien et
al., 2009) and we expect that uncaptured variation in in utero arsenic exposure would bias
our results towards the null. Our analysis also relies on a single measurement of leptin
concentration in cord blood. The observed association was statistically significant but small,
and the public health implications or long-term health effects are unknown. Future studies,
including ones based on the ongoing New Hampshire Birth Cohort Study, could examine
whether in utero arsenic is related to leptin concentrations throughout early life and
longitudinally over time. While we were unable to examine the underlying mechanism of
the arsenic-leptin association, measuring the regulation of leptin pathway genes may provide
insight in future studies. This study was also unable to examine whether arsenic-related
differences in cord blood leptin concentrations were related to differences in early childhood
growth.

5 Conclusion

In summary, maternal urinary arsenic concentrations were positively associated with infant
cord blood leptin concentration in a New Hampshire population. Further research is needed
to determine if arsenic-related differences in cord blood leptin concentration are associated
with altered growth trajectories in early life.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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As arsenic
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DMA dimethylarsinic acid

iAs inorganic arsenic
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LEP leptin gene

LGA large for gestational age

MMA monomethylarsonic acid

NHBCS New Hampshire Birth Cohort Study

SGA small for gestational age
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Figure 1.

Increase in cord blood leptin according to tertile of maternal total urinary arsenic, adjusted
as outlined in “Materials and Methods.” Values are regression estimates + standard error.
Median creatinine, mean birth weight for gestational age percentile, female infant sex, mean
maternal pregnancy-related weight gain, and college graduate as maternal education were

used to estimate calculations.
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Table 2

Unadjusted and adjusted estimates (95% CI) for the association between natural log-transformed maternal
urinary arsenic concentration and natural log-transformed cord blood leptin concentration (n=149").
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Predictor

iAs

MMA

DMA

Total As

Ln[Arsenic species (ug/L)]1

0.02 (-0.12, 0.17)

0.01 (-0.12, 0.14)

0.04 (~0.08, 0.16)

0.04 (~0.09, 0.16)

Ln[Arsenic species (ug/L)]2

0.09 (~0.05, 0.23)

0.12 (-0.01, 0.25)

0.14 (0.02, 0.26)

0.14 (0.01, 0.27)

Creatinine (mg/dL)

0.00 (-0.01,0.00)

0.00 (-0.01, 0.00)

0.00 (-0.01, 0.00)

0.00 (-0.01, 0.00)

Infant birth weight %3

1.05 (0.64, 1.47)

1.08 (0.66, 1.50)

1.10 (0.68, 1.51)

1.09 (0.68, 1.51)

Infant is Male

-0.38 (~0.60, ~0.16)

-0.37 (-0.59, -0.15)

-0.37 (-0.58, -0.24)

-0.37 (-0.58, -0.15)

Maternal weight gain (Ibs)

0.00 (0.00, 0.01)

0.01 (0.00, 0.01)

0.00 (0.00, 0.01)

0.01 (0.00, 0.01)

Maternal Education Level

any high school

Reference

Reference

Reference

Reference

any college

-0.15 (-0.56, 0.26)

-0.17 (-0.58, 0.24)

-0.17 (-0.58, 0.24)

-0.17 (-0.58, 0.24)

college graduate

-0.10 (~0.50, 0.29)

-0.13 (<053, 0.26)

-0.14 (<053, 0.25)

-0.14 (<053, 0.25)

any postgraduate

-0.29 (-0.73, 0.15)

-0.31 (-0.59, 0.36)

-0.34 (-0.58, 0.35)

-0.34 (-0.77, 0.35)

lModels unadjusted.

2Models adjusted for all other variables in the table.

3Infant birth weight for gestational age percentile from Fenton & Kim, 2013 (n=2 missing).

Urinary arsenic metabolites were measured via HPLC. Total urinary arsenic (Total As) is the sum of inorganic arsenic (iAs), monomethylarsonic

acid (MMA), and dimethylarsinic acid (DMA); arsenobetaine was not included in this total.

*
Includes white mother-infant pairs only
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