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Abstract
The balance of contaminant risk and nutritional benefit from maternal prenatal fish consumption for
child cognitive development is not known. Using data from a prospective cohort study of 341 mother-
child pairs, authors studied associations of maternal 2nd trimester fish intake and erythrocyte mercury
levels with child age 3 year scores on the Peabody Picture Vocabulary Test (PPVT) and Wide-Range
Assessment of Visual Motor Abilities (WRAVMA). Mean maternal total fish intake was 1.5 (SD
1.4) servings/month, and 40 (12%) of mothers consumed > 2 weekly fish servings. Mean (SD)
maternal mercury was 3.8 (3.8) ng/g. After adjustment using multivariable linear regression, higher
fish intake was associated with better child cognitive test performance, and higher mercury levels
with poorer test scores. Associations strengthened with inclusion of both fish and mercury: effect
estimates (95% CI) for fish intake > 2 servings/week vs. never were 2.2 (−2.6, 7.0) for PPVT and
6.4 (2.0, 10.8) for WRAVMA; and for mercury in the top decile, −4.5 (−8.5, −0.4) for PPVT and
−4.6 (−8.3, −0.9) for WRAVMA. Fish consumption <= 2 weekly servings was not associated with
a benefit. Dietary recommendations for pregnant women should incorporate the nutritional benefits
as well as the risks of fish intake.
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Fish and other seafood may contain beneficial nutrients such as n-3 fatty acids as well as
harmful contaminants such as mercury. Methyl mercury is a demonstrated neurotoxicant to
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which the fetal brain is particularly sensitive (1,2). A well-designed cohort study in the Faroe
Islands has found that prenatal exposure to organic mercury from maternal fish and pilot whale
consumption during pregnancy was associated with subtle neurodevelopmental deficits in
childhood, such as poorer performance on some tests of language and intelligence, (3,4). In a
cohort from the Seychelle Islands, however, investigators did not find evidence for a
neurodevelopmental risk from prenatal methyl mercury exposure resulting from ocean fish
consumption (5). However, those studies did not examine the overall relationship of fish intake
with child cognitive development. In 2001, the US Environmental Protection Agency
recommended that pregnant women avoid consuming fish types high in mercury, and limit
their total fish intake to no more than two 6 oz. servings per week (6). Following the advisory,
some pregnant women decreased their fish intake (7).

Fish and other seafood serve as the primary dietary source for elongated polyunsaturated n-3
fatty acids including docosahexaenoic acid (DHA), an integral structural component of the
brain. Pre- or early postnatal DHA supplementation may improve child development (8–11).
As most pregnant women do not consume adequate dietary DHA, limiting fish consumption
might further reduce access to this essential nutrient (12,13).

The overall effect of fish consumption during pregnancy, incorporating the risks as well as the
benefits, remains uncertain. A few recent studies, as well as a re-analysis of data from the Faroe
Islands cohort, have found that on balance, maternal fish intake is associated with improved
child cognitive development (14–16). In the present study, we used prospectively collected
information on maternal diet and mercury levels during pregnancy to examine the risks and
benefits of maternal prenatal fish intake on child development at age 3 years.

MATERIALS AND METHODS
Population and study design

Subjects were participants in Project Viva, a prospective pre-birth cohort study (13,14).
Mothers provided informed consent at study recruitment, and the human subjects committee
of Harvard Pilgrim Health Care approved all protocols. Of 2128 women who delivered a live
singleton infant, 1579 were eligible for the age 3-year visit because they had completed a
prenatal dietary questionnaire and had not disenrolled. We had information on maternal fish
intake, stored maternal blood samples, and child age 3 year cognitive test results from 896
mother-child pairs. Available funding allowed measurement of erythrocyte mercury from 341
mothers. We selected women with an available maternal hair sample (n=98), and with preterm
or SGA birth (n= 45) to ensure that the prevalence of these characteristics in the group of
women studied in the present analysis closely mirrored the prevalence in the overall cohort.
We also assayed a random sample of 198 of the remaining 753.

Compared with the 1238 mothers not included in this study, the 341 mothers included had
similar fish intake (1.5 vs. 1.7 servings/week), were slightly older (32.6 vs. 31.9 years), more
likely to be white (82 percent vs. 65 percent), better educated (41 percent vs. 30 percent with
a graduate degree), less likely to smoke (8 percent vs. 13 percent), and had higher PPVT scores
(108.8 vs. 104.6). Included children had similar gestation length (39.4 vs. 39.5 weeks) and fetal
growth (0.24 vs. 0.18), but longer breastfeeding duration (7.0 vs. 6.0).

Exposures
Maternal fish intake—At the second trimester study visit, participants completed a
semiquantitative food frequency questionnaire, which we modified for pregnancy from a well-
validated instrument used in several large cohort studies (17,18). We previously calibrated this
questionnaire against erythrocyte levels of elongated n-3 fatty acids (19). The questionnaire
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quantified average frequency of consumption of over 140 foods and beverages during the
previous three months, including four questions on intake of fish: “canned tuna fish (3–4 oz.)”;
“shrimp, lobster, scallops, clams (1 serving)”; “dark meat fish, e.g. mackerel, salmon, sardines,
bluefish, swordfish (3–5 oz.)”; and “other fish, e.g. cod, haddock, halibut (3–5 oz.)”. Six
frequency response options ranged from “never/less than 1 per month” to “1 or more servings
per day.” We combined responses to the four questions to estimate average total fish intake.

Red blood cell mercury—At the second trimester visit, we obtained blood specimens in
vacutainer tubes containing ethylenediaminetetraacetic acid. We centrifuged tubes at 2000 rpm
for 10 minutes at 4°C to separate plasma from erythrocytes, which we then washed with chilled
saline. We stored erythrocyte aliquots at −70°C. Because of inhomogeneity of the erythrocyte
sample, we diluted the thawed sample 1:1 by weight with deionized water,,froze samples
overnight, then centrifuged thawed samples at 30,000 RPM for 30 minutes at 20°C (Beckman
L8-M Ultracentrifuge with TI-70) to remove cell membranes. We performed total mercury
assays using the Direct Mercury Analyzer 80 (Milestone Inc., Monroe, CT). Results were
reported as mercury content in the original red cell sample. The detection limit is 0.5 ng/ml of
sample, and percent recovery for QC standards are ~90–110 percent. Reproducibility for
duplicate analysis was ~20 percent.

Fatty acids—We summed contributions to intake of the elongated marine fatty acids DHA
and eicosapentaenoic acid (EPA) from all foods and supplements. We also estimated intake of
DHA+EPA from fish alone. To obtain estimates of fatty acid content, we used the Harvard
nutrient database, which is based on US Department of Agriculture publications as well as
other published sources and personal communications, and has been used in other studies of
n-3 fatty acid intake (13,20,21).

We also analyzed the fatty acid content of packed maternal erythrocytes with gas-liquid
chromatography following a single thaw, to determine levels of DHA and EPA. Methods have
been described in detail elsewhere (22,23). Coefficients of variation were 6.5 percent for DHA
and 4 percent for EPA.

Child Age 3 year Cognitive Outcomes
Trained research assistants administered two cognitive tests to enrolled children, either in the
child’s home or in a research office. The Peabody Picture Vocabulary Test (PPVT) evaluates
receptive vocabulary among children aged 2½ years and older, based on a nationally stratified
reference sample (24). PPVT scores are strongly correlated (r>=0.90) with verbal and full scale
intelligence quotient (IQ) on the Wechsler Intelligence Scale for Children-III (24). Mothers
also completed the PPVT. The Wide Range Assessment of Visual Motor Ability (WRAVMA)
(25) evaluates three domains of visual motor development: visual-spatial (matching test),
visual-motor (drawing test), and fine motor skills (pegboard test), which are used to generate
a total standard score. This test has norms for children ages 3 years and older, is moderately
correlated with IQ (r~0.60), and is sensitive to other neurotoxicants such as lead (25,26). We
calculated child age at testing in months and days.

Covariates
Using interviews and questionnaires we collected self-reported maternal race/ethnicity, age,
education, parity, smoking, alcohol use, marital status, household income, pre-pregnancy
weight and height, and paternal education. We determined a western diet score according to
intake of red and processed meats, refined grains, desserts, and snack foods, and a prudent diet
score according to intake of fruits, vegetables, legumes, fish, and poultry (27). We obtained
child sex, birth weight, and delivery date from the medical record. We determined birth weight
for gestational age z-value (“fetal growth”) based on US national reference data (28). We
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collected hair samples at delivery from 211 mothers (14), of whom 98 are included in the
present analysis. Mothers reported duration of breastfeeding and the child’s primary language
on postpartum questionnaires. We obtained clinical screening lead levels for 139 children.

Statistical analysis
We studied bivariate associations of participant characteristics with maternal fish intake using
t tests and chi square analysis. We examined associations among the primary exposures using
Spearman correlation and simple linear regression.

We used multivariate linear regression to examine associations of participant characteristics
and exposures of interest with child cognitive test scores. We categorized fish intake according
to current guidelines (29) as never, <= 2, and > 2 servings per week. We categorized mercury
at the top decile or below, as our measure of total mercury in packed erythrocytes does not
easily translate to categorization according to the benchmark dose for whole blood mercury
(2). We analyzed associations of fish intake and mercury levels individually with each outcome,
and then included both measures in prediction models.

We began collecting maternal hair samples in February 2002, and continued through the end
of the study. During this period, 409 participants delivered, of whom 302 were approached for
collection of a hair sample, 34 were ineligible (hair too short or in braids), and 211 of the
remaining 270 (78%) consented to provide a hair sample. In the subset of mothers with hair
collected at delivery, 10 percent had hair mercury levels > 1.2 ppm (14). Thus, we anticipate
that erythrocyte mercury in the top decile of our population likely corresponds to a hair mercury
> 1.2 ppm, the level used to determine the US EPA reference dose (2). Ninety-eight women
with hair mercury results also had blood available for mercury assay.

In secondary analyses, we studied fish intake and mercury levels simultaneously, using the
following 5 categories: low mercury/fish intake > 2 weekly servings; low mercury/fish <= 2
weekly servings; mercury top decile/fish intake > 2 weekly servings; mercury top decile/fish
intake <= 2 weekly servings; and never fish intake. Exclusion of the 1 individual who reported
never consuming fish but was in the top decile of mercury levels did not alter results. We also
studied intake of canned tuna fish, fish types excluding canned tuna, and fish types excluding
shellfish. We also modeled dietary and erythrocyte levels of DHA+EPA and maternal blood
mercury as continuous predictors.

We included covariates that were of a priori interest as independent predictors of child
cognition, namely maternal age, pre-pregnancy body mass index (BMI), prenatal smoking and
alcohol use, race/ethnicity, marital status, and education; paternal education; and child sex,
fetal growth, gestation length, duration of breastfeeding, primary language, and age at testing.
We modeled all covariates as presented in table 1 and table 2; we also included missing
categories for maternal education (2%), smoking (1%), and paternal education (5%).
Additional adjustment for household income, maternal western or prudent dietary pattern,
depression at 6 months postpartum, child BMI, or test administrator did not substantially
change estimates for fish or mercury, so we did not include these factors in our final models.
We performed all analyses using SAS version 9.1 (SAS Institute, Cary, NC).

RESULTS
Mean maternal fish intake was 1.5 (SD 1.4, range 0–7.5) servings/week, and 40 (12 percent)
of mothers consumed more than 2 weekly fish servings, whereas 47 (14 percent) never
consumed fish (table 1). Mean erythrocyte total mercury was 3.8 (SD 3.8, range 0.03–21.9)
ng/g, with 35 mothers above the 90th percentile of 9.1 ng/g. Mean (SD) child age at testing
was 38.4 (2.2) months, and child test scores were 105.7 (13.8) for the PPVT, 99.9 (10.3) for
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drawing, 99.8 (10.3) for pegboard, 107.8 (14.1) for matching, and 103.2 (10.5) for WRAVMA
total score.

Maternal fish intake was directly correlated with erythrocyte total mercury (spearman r = 0.42,
p < 0.0001), with an unadjusted increase of 0.94 (95 percent confidence interval [CI]: 0.66,
1.21) ng/g mercury for each weekly fish serving. The likelihood of being in the top decile of
erythrocyte mercury was 2 percent in those who never consumed fish but 23 percent in those
who consumed fish more than twice weekly (table 1). Otherwise, maternal or child
characteristics did not significantly differ according to maternal fish intake (p> 0.05 for all
characteristics in table 1). Among 98 mothers with available data, mean hair mercury was 0.53
(SD 0.47, range 0–2.3) mcg/g. Hair mercury was correlated with erythrocyte total mercury
(Spearman r =0.46, p<0.0001) and with fish intake (r=0.49, p<0.0001). An increase of 1 ppm
of hair mercury was associated with an increase in erythrocyte mercury of 4.5 (95 percent CI:
3.3, 5.8) ng/g.

Participant characteristics were generally associated with child test scores in the anticipated
directions (table 2). For example, scores were higher among children who were born with
higher fetal growth, who were girls, who were firstborn, and who were older at testing (table
2).

After adjustment for parent and child characteristics, maternal fish intake > 2 weekly servings,
compared with never, was directly associated with higher child WRAVMA drawing and total
scores (table 3). Associations strengthened with adjustment for mercury levels, with the largest
effects seen for the WRAVMA drawing (6.4, 95 percent CI: 2.1, 10.7) and total (6.4, 95 percent
CI: 2.0, 10.8) scores, and generally positive associations also seen on the other tests (table 3
and figure). We saw no evidence for an advantage of fish consumption at or below 2 weekly
servings, compared with never (table 3). Exclusion of the four participants who reported taking
prenatal fish oil supplements did not materially change results. The interaction between fish
intake and breastfeeding duration was not significant (p=0.08 for PPVT model and p=0.38 for
WRAVMA model).

The 28 mothers (8 percent) who reported eating canned tuna at least twice weekly had children
with higher scores on the PPVT (3.7, 95 percent CI: −0.9, 8.3) and WRAVMA total (5.6, 95
percent CI: 1.4, 9.8), compared with the 130 women (38 percent) who reported never eating
tuna fish. The 11 mothers (3 percent) who reported consuming more than 2 weekly fish servings
of fish other than canned tuna had children with higher scores on the WRAVMA total (6.1, 95
percent CI: −0.7, 12.8) but not on the PPVT (−1.4, 95 percent CI: −8.9, 6.1), compared with
the 97 (28 percent) who reported eating no fish excluding tuna. Effect estimates for intake of
the three fish types excluding shellfish were 4.3 (95 percent CI: −0.5, 9.0) for PPVT and 5.9
(95 percent CI: 1.6, 10.3) for WRAVMA total score.

Among children for whom we obtained clinical lead results, lead levels were not correlated
with either maternal fish consumption (Spearman r = −0.01, p= 0.88) or with mercury levels
(r=0.03, p=0.76). Additional adjustment for lead level in multivariable models did not alter
effect estimates for fish or mercury on child cognitive test scores (results not shown).

Mean intake of DHA+EPA from fish was 128 (SD 128, range 0–843) mg/day, and mean intake
from all sources was 149 (SD 154, range 0–1605) mg/day. For each 100 mg of maternal daily
DHA+EPA intake from fish, children had PPVT scores that were 0.5 (95 percent CI: −0.5, 1.5)
points higher, and WRAVMA total scores that were 1.1 (0.1, 2.0) points higher. Neither intake
of DHA+EPA from all dietary sources, nor the DHA+EPA content of maternal erythrocytes,
was associated with child cognition (data not shown).
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Higher maternal erythrocyte mercury levels were associated with worse child test performance,
with stronger associations after adjustment for fish intake (table 4). We observed the strongest
adverse associations of mercury levels with the PPVT (−4.5, 95 percent CI: −8.5, −0.4),
WRAVMA matching (−6.0, 95 percent CI: −10.9, −1.1), and WRAVMA total (−4.6, 95 percent
CI: −8.3, −0.9) tests, with associations that were somewhat less strong but still suggestive of
an inverse relationship for the WRAVMA drawing and pegboard tests (table 4 and figure).

We next examined maternal fish intake and mercury levels simultaneously. Compared with
children whose mothers reported never consuming fish, children of women with mercury below
the top decile but fish intake above 2 weekly servings had higher WRAVMA total scores (5.9
points, 95 percent CI: 1.0, 10.9). Children whose mothers consumed more than 2 weekly fish
servings and with mercury in the top decile also had somewhat higher WRAVMA scores,
whereas children of mothers with fish intake up to 2 weekly servings and mercury in the top
decile had somewhat lower WRAVMA scores (table 5).

DISCUSSION
In this US cohort with moderate fish consumption, pregnant women who ate more fish had
higher erythrocyte mercury levels. Among their children, higher prenatal mercury exposure
was associated with lower developmental test scores at age 3 years. Nevertheless, we observed
no overall adverse effect upon child development with higher maternal fish intake. Rather,
maternal fish intake more than twice a week was associated with improved performance on
tests of language and visual motor skills.

These results support our earlier findings among a smaller subset of our study population we
assessed at age 6 months with a single outcome (14). The present results derive from a larger
sample of children whom we assessed at age 3 years with well-validated developmental tests
that are correlated with IQ. Our findings show broadly consistent results for tests of language
as well as visual spatial, visual motor, and fine motor skills, suggesting that the benefit of fish
consumption spans these developmental domains.

These results also extend findings from other populations that have suggested benefits from
maternal prenatal n-3 fatty acid or fish intake. Children of women randomized to receive
prenatal fish oil supplementation had higher mental processing scores and better eye-hand
coordination (8,9). In a recent publication of data from the United Kingdom, Hibbeln et al.
(15) found that mothers who ate >= 3 fish servings per week had children who were less likely
to have suboptimal scores on tests of IQ and behavior at 7–8 years of age, but did not observe
any benefit of seafood intake below compared with above 3 servings/week. In that study there
was no measure of mercury, although in an earlier publication from a subset of the same
population, umbilical cord tissue Hg levels were not associated with development in infancy
(30). Additionally, in a re-analysis of data from the Faroe Islands cohort, which has much
higher seafood intake and mercury exposure, Budtz-Jorgensen et al.(16) reported that maternal
fish intake during pregnancy was associated with somewhat higher performance on all 7
outcomes studied at ages 7 and 14 years. Similar to our findings, in that study the effects of
fish and mercury were each strengthened with mutual adjustment.

We observed associations of mercury levels with child cognition at exposure levels
substantially lower than in populations previously studied. Our findings suggest that no lower
threshold exists for the adverse effects of prenatal mercury exposure.

In previous cohort studies, biomarkers of mercury exposure included mercury in maternal hair
collected at or after delivery (4,5,14,31), and in umbilical cord blood (4). In Project Viva, we
did not retain cord blood erythrocytes, and we collected hair from a small number of mothers.
We measured total mercury in maternal erythrocytes based on evidence that over 90 percent
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of the total blood mercury resides in the erythrocytes (2), and that about 95 percent of the
mercury in red blood cells is methyl mercury with some of the inorganic mercury derived from
demethylated methyl mercury (32). Maternal 1st or 2nd trimester blood mercury is highly
correlated with blood mercury collected at delivery, and with cord blood levels (33–37). Thus,
good evidence exists that the sample we used is a suitable proxy for fetal methyl mercury
exposure.

Advantages of the present study include the assessment of maternal diet during pregnancy with
a validated dietary questionnaire, well-established outcome measures, and measurement of a
number of parent and child characteristics including maternal PPVT scores. Although women
in our population were generally well educated and employed, their fish and dietary DHA
intake was similar to that reported in other general populations in North America (12,38,39).
Nevertheless this study has several limitations. It is possible that unmeasured confounding may
account for at least part of the observed findings. In particular, we did not assess home
environment. We did not measure other contaminants that may be found in fish such as
polychlorinated biphenyls (PCB’s) Accounting for the harms of PCB’s would be expected to
suggest an even stronger benefit of the nutrients in fish, but might weaken estimates for
mercury. It is possible that women in other populations who consume fish types with different
amounts of nutrients and contaminants may experience less of a benefit or even perhaps overall
harm from higher prenatal fish intake. In addition, we did not measure other
neurodevelopmental domains, such as overall intelligence, that might be differently associated
with the nutrients or toxicants in fish.

We have previously reported that mothers in Project Viva consumed less fish after
dissemination of a federal mercury advisory in January 2001, and reduced their intake even of
fish types not included in the advisory (7). Subsequent advisories and expert reviews have
emphasized the nutritional benefits of fish (29,40), but have continued to recommend that
pregnant women consume no more than 2 weekly fish servings (29). Our finding that the benefit
of fish intake is strengthened with adjustment for mercury levels suggests that if mercury
contamination were not present, the cognitive benefits of fish intake would be greater. Maternal
consumption of fish lower in mercury and reduced environmental mercury contamination
would allow for stronger benefits of fish intake. Recommendations for fish consumption during
pregnancy should take into account the nutritional benefits of fish as well as the potential harms
from mercury exposure.

List of abbreviations
BMI, body mass index; CI, confidence interval; EPA, eicosapentaenoic acid; DHA,
docosahexaenoic acid; IQ, intelligence quotient; PPVT, Peabody Picture Vocabulary Test; SD,
standard deviation; US, United States; WRAVMA, Wide-Range Assessment of Visual Motor
Abilities.
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FIGURE 1.
Associations of maternal 2nd trimester fish intake (> 2 weekly servings vs. never) and
erythrocyte mercury levels (top decile vs. below) with child cognitive test results at age 3 years.
Effect estimates are adjusted for each other as well as for parent and child characteristics. CI
= confidence interval. PPVT = Peabody Picture Vocabulary Test. WRAVMA = Wide Range
Assessment of Visual Motor Ability.
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TABLE 1
Parental and child characteristics according to maternal 2nd trimester fish intake among 341 mother-child pairs in
Project Viva.

Maternal 2nd Trimester Fish Intake
Maternal Characteristics Overall n=341 Never 47 (14%) <= 2 servings/week

254 (74%)
>2 servings/week

40 (12%)

Mean (SD) or %

Age (years) 32.6 (4.7) 31.7 (4.8) 32.8 (4.6) 32.3 (4.7)
Race/ethnicity
  Black 6% 2% 7% 8%
  Hispanic 2% 0% 3% 3%
  Other 9% 13% 9% 5%
  White 82% 85% 82% 85%
Education
  High school 6% 6% 5% 8%
  Some college 14% 13% 15% 10%
  College graduate 40% 49% 37% 43%
  Graduate degree 41% 32% 43% 40%
Partner status
 Married/cohabiting 96% 96% 96% 93%
  Single 4% 4% 4% 8%
PPVT score 108.8 (14.3) 109.0 (16.4) 109.5 (13.9) 103.6 (14.2)
Smoking in pregnancy
  Former 22% 24% 21% 23%
  During pregnancy 8% 17% 6% 10%
  Never 70% 59% 73% 67%
Alcohol
  Any during pregnancy 76% 81% 76% 70%
  None 24% 19% 24% 30%
Pre-pregnancy BMI
  < 25 kg/m2 70% 77% 70% 65%
  25–30 kg/m2 20% 17% 19% 30%
  30+ kg/m2 10% 6% 11% 5%
Mercury (ng/g) 3.8 (3.8) 1.9 (2.3) 3.9 (3.8) 5.6 (4.5)
Mercury top decile 10% 2% 10% 23%
DHA+EPA from fish (mg/day) 128 (128) 0 (0) 122 (97) 318 (160)
DHA+EPA total from diet (mg/
day)

149 (154) 22 (77) 148 (142) 301 (159)

Maternal 2nd Trimester Fish Intake
Paternal and child Characteristics Overall n=341 Never 47 (14%) <= 2 servings/week

254 (74%)
>2 servings/week

40 (12%)

Mean (SD) or %

Paternal Education
  High School 23% 27% 21% 27%
  College Graduate 41% 33% 42% 41%
  Graduate Degree 36% 40% 36% 32%

Birth order
  Firstborn 54% 66% 54% 43%
  Not firstborn 46% 34% 46% 58%
Gestation length (wk) 39.4 (1.8) 39.2 (2.5) 39.5 (1.7) 39.4 (1.4)
Fetal growth (z value) 0.24 (1.0) 0.29 (0.9) 0.23 (1.0) 0.25 (1.0)
Sex
  Boy 49% 45% 52% 38%
  Girl 51% 55% 48% 63%
Breastfeeding (mos) 7.0 (4.5) 7.2 (4.4) 7.0 (4.5) 6.8 (4.7)
Age at outcome (mos) 38.4 (2.2) 38.9 (3.2) 38.4 (2.0) 38.5 (1.9)
Primary language
  English 95% 98% 94% 93%
  Other 5% 2% 6% 8%
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TABLE 2
Associations of parental and child characteristics with child test scores at age 3 years

Characteristics Peabody Picture Vocabulary Test (PPVT) Wide Range Assessment of Visual Motor Abilities
(WRAVMA)

Maternal Beta Coefficient* 95% Confidence Interval Beta Coefficient* 95% Confidence Interval

Age (years) 0.4 0.1, 0.7 0.6 0.1, 1.1
Race/ethnicity
  Black −11.2 −16.8, −5.6 −2.3 −7.9, 3.3
  Hispanic −15.4 −24.0, −6.8 −7.7 −16.2, 0.7
  Other −1.6 −6.3, 3.1 1.5 −2.7, 5.8
  White Ref
Education
  High school −7.4 −14.9, 0.2 −5.5 −12.4, 1.3
  Some college −3.0 −7.4, 1.4 −1.5 −5.6, 2.5
  College graduate −3.3 −6.1, −0.5 −1.9 −4.5, 0.7
  Graduate degree Ref Ref
Partner status
  Married/cohabiting Ref Ref
  Single 6.4 −10.3, 23.2 −4.8 −20.0, 10.5
PPVT score 0.12 0.02, 0.23 0.0 0.0, 0.1
Smoking in pregnancy
  Former −3.2 −6.2, −0.3 1.2 −1.5, 3.9
  During pregnancy −0.6 −5.5, 4.2 2.9 −1.7, 7.4
  Never Ref Ref
Alcohol
  Any during pregnancy 2.8 −0.2, 5.8 0.8 −2.0, 3.6
  None Ref Ref
Pre-pregnancy BMI
  < 25 kg/m2 Ref Ref
  25–30 kg/m2 −1.9 −4.9, 1.2 −1.2 −4.0, 1.6
  30+ kg/m2 5.9 1.7, 10.0 0.1 −3.7, 3.9

Characteristics Peabody Picture Vocabulary Test (PPVT) Wide Range Assessment of Visual Motor Abilities –
Total (WRAVMA)

Beta Coefficient* 95% Confidence Interval Beta Coefficient* 95% Confidence Interval

Paternal Education
  High School −3.4 −7.2, 0.4 −3.5 −7.0, 0.1
  College Graduate −1.2 −4.1, 1.7 1.5 −1.2, 4.1
  Graduate Degree Ref Ref
Birth order
  Firstborn 4.8 2.1, 7.4 0.9 −1.5, 3.3
  Not firstborn Ref Ref
Gestation length (wk) 0.05 −0.6, 0.7 −0.1 −0.7, 0.6
Fetal growth (z value) 2.4 1.1, 3.7 0.8 −0.4, 2.0
Sex
  Boy Ref Ref
  Girl 1.5 −0.9, 4.0 4.5 2.3, 6.8
Breastfeeding (mos) 0.1 −0.2, 0.4 −0.1 −0.4, 0.2
Age at outcome (mos) 0.7 0.1, 1.3 0.6 0.1, 1.1
Primary language
  English Ref Ref
  Other −11.6 −18.0, −5.3 −2.2 −8.1, 3.6

*
Estimates from multivariable linear regression models, adjusted for all characteristics in the table and also for maternal fish intake and mercury levels.
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