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Abstract

1.

OBJECTIVES: To examine the associations of maternal intake of fruits and vegetables (FVs),
considering pesticide residue levels, with fetal growth.

METHODS: We studied 1777 mothers (1275 white, 502 non-white) and their infants from Project
Viva, a prospective pre-birth cohort (1999-2002). We categorized FVs as containing high or low
pesticide residues using data from the US Department of Agriculture. We then used a food
frequency questionnaire to estimate each participant’s intake of high and low pesticide residue
FVs in the first and second trimester. The primary outcomes were small-for-gestational-age (SGA;
< 10t percentile in birth-weight-for-gestational-age), large-for-gestational-age (LGA; = 10t
percentile in birth-weight-for-gestational-age) and preterm birth (gestational age <37 weeks). We
also evaluated whether the associations between high pesticide residue FV intake and birth
outcomes were modified by race/ethnicity.

RESULTS: 5.5% of newborns were SGA, 13.7% were LGA, and 7.3% were preterm. Intakes of
high or low pesticide residue FVs, regardless of pregnancy trimester, were not associated with
risks of SGA, LGA, or preterm birth. In addition, the associations of high pesticide FV intake with
SGA and LGA were not modified by race/ethnicity. However, we observed heterogeneity in the
relationship between first trimester high pesticide FV intake and risk of preterm birth by race/
ethnicity (P value for interaction=0.01), although this relationship did not persist after correction
for multiple comparisons (Bonferroni corrected level of significance: P < 2.8x1073),

CONCLUSIONS: There were no clear associations between high or low pesticide FV intake
during pregnancy with SGA, LGA or preterm birth.

Introduction

Fruits and vegetables (FVs) contain many important nutrients and are considered essential
components of a healthy diet (Barbara E Millen et al., 2016). According to the Dietary
Guidelines for Americans 2015-2020, consumption of a variety of FVs is recommended
throughout the lifespan including during pregnancy (B. E. Millen et al., 2016). Nonetheless,
FVs can also serve as a source of exposure to pesticide residues. According to US
Department of Agriculture (USDA) Pesticide Data Program, in 2015, 97% of FVs in U.S.
markets had detectable pesticide residues, and 56% had detectable levels of three or more
individual pesticides (USDA, 2015).

In the US, pesticide tolerances (i.e., amount of pesticide residues that are allowed to remain
in or on food) are regulated by the Environmental Protection Agency under the Federal
Insecticide, Fungicide, and Rodenticide Act (FIFRA) and the Food Quality Protection Act
(FQPA). Although the majority of US foods have residues below tolerance levels (USDA,
2015), it remains unclear whether long-term exposure through diet to low levels of pesticide
residues below tolerance levels possess a risk. Pesticide metabolites can be detected in
amniotic fluid collected at 15-18 weeks gestation (Bradman et al., 2003). The fetus, due to
its rapid growth, immature metabolic pathways, and developing vital organ systems
(Berkowitz et al., 2004), may exhibit greater susceptibility to the effects of pesticide residues
than adults.
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Fetal growth and preterm birth are not only indicators of fetal health but also predictors of
long-term health outcomes. A growing number of studies suggest that preterm birth and
higher or lower fetal growth are associated with adverse cardiometabolic health later in life
(Frankel et al., 1996; Huxley et al., 2000; Irving et al., 2000; Newsome et al., 2003; Rich-
Edwards et al., 1997; Rotteveel et al., 2008), although the underlying pathways with later
outcomes may be different for preterm birth and fetal growth (Gillman, 2002) . In the
literature, a limited number of human studies have examined maternal prenatal urinary
concentrations of organophosphate pesticide metabolites in relation to fetal growth and
gestational age (Eskenazi et al., 2004; Harley et al., 2011; Naksen et al., 2015; Rauch et al.,
2012; Whyatt et al., 2004). However, the results of these studies were mixed, possibly due to
differences in timing of exposure (e.g., 15 trimester vs. 2" trimester vs. 3d trimester),
sources of exposure (residential vs. dietary vs. agricultural exposure), high within-person
variability of urinary biomarkers, and different frequencies of paraoxonase 1(PONI)
polymorphisms (an enzyme involved in detoxification of organophosphate pesticides (Costa
et al., 2013)) across studies. Therefore, the objective of the study was to assess the
associations of high and low pesticide residue FV intake during each of the first and second
trimesters with fetal growth and preterm birth in a cohort of pregnant women from Eastern
Massachusetts. We also examined whether the associations were modified by race/ethnicity,
a proxy of frequency in PONI polymorphism (Chen et al., 2003; Draganov & La Du, 2004).

Materials and Methods

2.1. Study population

2.2.

Project Viva is a prospective pre-birth cohort which recruited women carrying a singleton
pregnancy during their initial obstetric care visit at Atrius Harvard Vanguard Medical
Associates between 1999 and 2002 in Eastern Massachusetts, USA. Details of the cohort
have been described previously (Oken et al., 2015). Briefly, research assistants collected
demographic and health history information including race/ethnicity, date of last menstrual
period, maternal and paternal height and pre-pregnancy weight, and smoking history via
interview and questionnaire. We also provided participants a take-home food frequency
questionnaire (FFQ) at the first trimester (~10 weeks of gestation) and second trimester
(~26-28 weeks of gestation) study visits. Of 2128 women who delivered a live-bom infant,
1777 completed a first-trimester FFQ and 1666 completed a second-trimester FFQ.
Compared to women who completed the first trimester FFQ, women who did not complete it
were younger (mean 29.7 vs. 32.2 years), comprised a higher proportion of blacks (38.0%
vs. 12.3%), never smokers (73.7% vs. 67.4%), had a higher mean pre-pregnancy BMI (26.3
vs. 24.6 kg/m?2) and were less educated (40.4% vs. 69.4% with at least college degree).
However, they had similar maternal and paternal height. Institutional review boards of
Harvard Pilgrim Health Care, Brigham and Women’s Hospital, and Beth Israel Deaconess
Medical Center approved the study protocols and all mothers provided written informed
consent.

Dietary Assessment

We assessed diet using a 140-item, self-administered FFQ based on a well-validated FFQ
used in other cohorts (Yuan et al., 2017a; Yuan et al., 2017b) and adapted for use among
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pregnant women (Fawzi et al., 2004). The first-trimester FFQ assessed diet intake since the
last menstrual period and was completed by participants at enrollment. The second-trimester
FFQ was self-completed at 26-28 weeks of gestation and assessed diet “during the past 3
months.”

We used the FFQ to determine FV intake for each participant. We also used the FFQ to
assign each participant to two dietary pattern scores derived by principal component factor
analysis to summarize overall food choices (except for FVs) (Lange et al., 2010). The factor
scores were standardized to have a mean of 0 and standard deviation of 1, with higher scores
indicating higher adherence to Prudent (more poultry, fish, whole grains) or Western (more
red meat, processed meat, refined grains, and desserts) dietary patterns.

2.3. Pesticide Residue Assessment

FVs were classified as having high versus low pesticide residues using the Pesticide Residue
Burden Score (PRBS), a scoring system used to assess pesticide residue status in FVs. The
PRBS has been described in greater details elsewhere (Chiu et al., 2015; Y. H. Chiu et al.,
2017). Briefly, the PRBS method couples the information from FFQ and pesticide residue
surveillance data from US Department of Agriculture Pesticide Data Program (PDP)
(USDA, 2013) and has been validated against urinary pesticide metabolites in two cohorts
(Y. H. Chiu et al., 2017; Hu et al., 2016). Specifically, we ranked the 36 FVs included in the
FFQ according to each of the three contamination measures from Pesticide Data Program:
(1) the percentage of samples with any detectable pesticide residues; (2) the percentage of
samples with any pesticide residues above the tolerances; and (3) the percentage of samples
with three or more different detectable pesticides. For each contamination measure, we
assigned a score of 0 for FVs in the lowest tertile, 1 for FVs in the middle tertile, and 2 for
FVs in the upper tertile. The PRBS for each FV was the sum of tertile scores across the three
measures on a scale of 0 to 6. We classified FVs with a PRBS >4 as having high pesticide
residues and those with a PRBS <4 as having low pesticide residues (Supplemental Table
S1). We summed the intake of high and low pesticide residue FVs, separately, for each
participant. Of note, PDP data from 1999 to 2002 only cover 24 items in the FFQ. In order
to maximize the available pesticide residue data for nearly all the FV items assessed in the
FFQ, we created the PRBS using the PDP data from 1992 to 2013. Among the 24 items with
overlap, the spearman correlation of the PRBS based on PDP data from 1992 to 2013 and
that based on PDP data from 1999 to 2002 was 0.92.

2.4. Ascertainment of outcomes

We obtained infant birth weight (gram) and delivery date from hospital medical records. We
calculated gestational age at delivery in weeks by subtracting the date of the last menstrual
period (LMP) from the date of delivery. For women whose prenatal ultrasound (performed at
16-20 weeks of gestation) estimate differed from the LMP estimate by >10 days (~9%), we
calculated gestational age at delivery based on the ultrasound results. We defined preterm
birth as birth at <37 completed weeks of gestation. We used sex-specific birth-weight-for-
gestational age z-scores (an index as fetal growth) from 1999-2000 US national reference
data (Oken et al., 2003). We defined small-for-gestational-age (SGA) and large-for-
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gestational-age (LGA) as sex-specific birth-weight-for-gestational-age z-score below the
10™ percentile and greater than or equal to the 90t percentile, respectively.

2.5. Statistical analysis

We classified women into quintiles of high and low pesticide residue FV intake. We fit
multivariable logistic regression models for preterm (versus term) birth, and multinomial
logistic regression models for SGA and LGA using appropriate-for-gestational-age as the
reference group. Given that race/ethnicity may serve as an indicator for different
susceptibility to pesticides (white more susceptible than non-white)(Chen et al., 2003), we
specified in advance that we would test for possible effect modification by race/ethnicity.
For case in which there was effect modification by race/ethnicity at P-values <0.05, we
presented the separate estimates for white and non-white mothers (including Hispanic or
Latina, African American, Asian or Pacific Islander, and others).

We selected covariates based on prior knowledge through the use of directed acyclic graphs.
All models were adjusted for maternal age (years), pre-pregnancy body mass index (BMl,
kg/m?), height (meters), smoking status (smoked during pregnancy, former, or never),
education level (with or without college degree), annual household income (< $70,000 or >
$70,000), married or cohabitating (yes or no), total energy intake (kcal/day), Prudent and
Western dietary pattern scores, season of dietary assessment (spring, summer, fall, or
winter), and paternal height (meters). As high and low pesticide FV intake may confound
each other, we additionally adjusted for low pesticide FV intake in the models of high
pesticide FV intake, and vice versa. Because pesticide regulation may change across years,
we additionally adjusted for calendar year of delivery in the sensitivity analysis. We
conducted tests for trend using the median intake of FV in each quintile as a continuous
variable in the regression model.

Approximately 8% of participants had missing data on one (n=140) or two (n=5) covariates.
We employed multiple imputations to impute the missing values of covariates using 50
imputed datasets. We combined the estimates of multivariable modeling results using Proc
MI ANALYZE. We performed all statistical analyses using SAS v9.4 (SAS Institute, Cary,
N.C.). Two-sided P-values <0.05 were considered statistically significant. To account for
multiple testing, we also compared the P-values to Bonferroni corrected level of significance
(P-value < 2.8x1073).

3. Results

The baseline characteristics of the 1777 mother-child pairs are shown in Table 1. Most
participants were white (72%), followed by black (12%), Hispanic or Latina (7%) and Asian
(6%) (Table 1). Of 1777 infants, 5.5% were SGA, 13.7% were LGA, and 7.3% were
preterm. Infants born to the 502 non-white mothers were more likely to be preterm (11.4%
vs. 5.7%) or SGA (9.2% vs. 4.1%), and less likely LGA (9.4% vs. 15.4%) than infants born
to white mothers. Among 1543 mothers with both first- and second-trimester FFQs, intakes
of FVs in the first and second trimester were positively correlated (/spearman = 0.69 for high
pesticide FVs, and /gpearman = 0.60 for low pesticide FVs). High and low pesticide residue
FV intakes were also positively correlated to each other (/spearman = 0.54 for the first
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trimester and 0.54 for the second trimester). On average, consumption of high pesticide
residue FVs was similar between white and nonwhite mothers (mean(SD): 2.4 (1.3) vs. 2.3
(1.7) servings/day for white vs. non-white), while consumption of low pesticide residues
FVs was lower for white mothers compared to non-white mothers (mean(SD): 3.0 (1.5) vs.
3.4 (2.1) servings/day for white vs. non-white).

First trimester intake of high or low pesticide residue FVs was not associated with risks of
SGA, LGA, or preterm birth in both unadjusted or adjusted models (Table 2). In addition,
the associations of first trimester high pesticide FV intake with SGA and with LGA were not
modified by race/ethnicity (P-values for interaction =0.17 and 0.63, respectively). However,
there was heterogeneity in the relationship of first trimester high pesticide FV intake with
risk of preterm birth by race/ethnicity (P-value for interaction=0.01) (Figure 1). Specifically,
among white mothers, the adjusted odds ratios (ORs) of delivering a preterm infant were
1.14 (95% confidence interval (Cl), 0.45 to 2.89), 1.47 (95%ClI, 0.59 to 3.65), 2.03 (95%Cl,
0.81 t0 5.08) and 1.70 (95%Cl, 0.62 to 4.67) for women in increasing quintiles of high
pesticide residue FV intake as compared to the lowest quintile (P, trend=0.25). In contrast,
among non-white mothers, the corresponding ORs of delivering a preterm infant were 1.63
(95%Cl, 0.74 to 3.60), 0.76 (95%Cl, 0.29 to 1.97), 1.18 (95%Cl, 0.41 to 3.40) and 0.64
(95%Cl, 0.18 to 2.27), respectively (P, trend=0.42).

We also examined risks of SGA, LGA, and preterm birth according to high and low
pesticide residue FV intake during the second trimester (Table 3). Overall, second trimester
intake of high or low pesticide FV intake was not associated with SGA, LGA or preterm
birth in unadjusted or adjusted models. In addition, there was no evidence of heterogeneity
in the relationship between second trimester high pesticide FV intake and birth outcomes by
race/ethnicity (P-values for interaction all >0.20). The results remained unchanged when
additionally adjusted for calendar year of delivery (data not shown).

4. Discussion

We evaluated associations of high and low pesticide residue FV intake during pregnancy
with risks of SGA, LGA, and preterm delivery in a pre-birth cohort in Massachusetts.
Overall, intake of high or low pesticide residue FVs, regardless of timing during the first or
second trimesters, was not associated with birth outcomes (i.e. SGA, LGA, and preterm
birth). While we found some heterogeneity in the relationship of first trimester high
pesticide FV intake with risk of preterm birth by race/ethnicity (a non-significant positive
trend for white mothers and a non-obvious trend for non-white mothers), the relationship
was not robust to correction for multiple comparisons.

FVs are known to benefit health in general (Wang et al., 2014), and they may improve birth
outcomes as well. Micronutrients in FVs may protect against restricted growth by improving
placental function or reducing risks of hypertension (Ahn et al., 2007; Appel et al., 1997;
Bergen et al., 2012; Fall et al., 2009). Epidemiologic studies suggest that a diet rich in FVs
was associated with lower risks of SGA (Knudsen et al., 2008; Thompson et al., 2010),
higher infant birth weight (Chia et al., 2016; Murphy et al., 2014; Ramon et al., 2009),
although some did not find an association with birth outcomes (Coelho Nde et al., 2015).
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Because FVs can serve as a vehicle of exposure to pesticide residues as well, any potential
overall benefit of FV consumption on birth outcomes might be diminished by harmful
pesticides that these foods contain (Chiu et al., 2015; Chiu et al., 2016; Chiu et al., 2018). To
the best of our knowledge, no previous studies have considered pesticide residue status when
examining the associations of maternal FV intake with fetal growth. In spite of the prevalent
use of pesticides in modern conventional agriculture (USDA, 2015) and evidence of
reduction in pesticide exposure with an organic diet (Bradman et al., 2015; Lu et al., 2006;
Oates et al., 2014), little attention has been paid to potential health effects from ingestions of
pesticide residues via FVs.

While no studies have assessed the associations of organic food consumption or dietary
pesticide exposure with fetal growth, a few have shown that consumption of organically
produced food during pregnancy was associated with a lower risk of preeclampsia (Torjusen
et al., 2014) and hypospadias (Brantsaeter et al., 2016), and the possible explanation was
that consuming organic food may reduce exposure to pesticides. In the literature, there is
also much interest regarding the effect of prenatal pesticide exposure on fetal growth.
Although the results have been inconsistent, some studies have noted that these associations
could be modified by PONZ polymorphisms. For example, in a recent pooled analysis (total
sample size~1100) of 4 cohorts (CHAMACOS, HOME, Columbia, and Mount Sinai birth
cohorts), Harley et al. showed that overall, there were no associations between maternal
urinary total organophosphate pesticide metabolites and birth weight; however, in black
women and in infants born with less susceptible PONI genotype (PONI1;9or7), prenatal
urinary dimethyl organophosphate pesticide concentrations were inversely associated with
birth weight and birth length (Harley et al., 2016). On the other hand, a pilot study of 52
mothers and children in Thailand found that higher maternal dialkylphosphate urinary
concentrations (collected multiple times during pregnancy) were associated with lower birth
weight and shorter gestational age among newborns of mothers with low PON1 activity, and
no associations were found for newborns of mothers with high maternal PON1 activity
(Naksen et al., 2015). These disparate results between these studies may be attributed to
diverse racial/ethnic composition, socio-economic status, differences in timing, routes,
levels, and classes of pesticide exposure across studies.

In the present study, we focused on pesticide exposure through the intake of FVs during first
and second trimesters in a cohort of women with relatively higher socioeconomic status in
Eastern Massachusetts. Overall, there was no clear evidence for an association between high
or low pesticide residue FV intake during pregnancy and adverse birth outcomes such as
SGA, LGA, and preterm birth. In addition, although there was heterogeneity in the
association between high pesticide residue FV intake during the first trimester and preterm
birth by race/ethnicity, the significance of the association did not withstand correction for
multiple testing. These findings may reflect the absence of an effect or result from potential
inherent limitations of the study. For example, while we previously have shown that the
PRBS predicts urinary pesticide metabolites and allows adequate characterization of
pesticide exposure through diet (Y.-H. Chiu et al., 2017; Hu et al., 2016), exposure
misclassification is still possible due to the measurement error in the FFQ as well as poor
time-integration between the FFQ (1999-2002) and pesticide assessment (1992-2013)
despite the fact that the PRBS is relatively constant across years (as reflected by the high
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correlations of the PRBS using PDP data from 1992 to 2013 versus that from 1999-2002).
Second, PRBS captured overall pesticide exposure instead of targeting a certain pesticide.
Thus, we may fail to identify the specific pesticide(s) that are associated with fetal growth
and preterm birth. Third, the relationship between pesticide residue exposure and birth
outcomes are likely to be modified by PONI polymorphisms (Harley et al., 2016). While we
have tested the interaction by white mothers versus non-white mothers, race/ethnicity may
be considered a crude proxy of pesticide susceptibility (Chen et al., 2003; Draganov & La
Du, 2004). Because we did not measure PONI polymorphism, there may be some
misclassification of susceptibility and subsequent bias. Also, our participants were recruited
at their initial obstetric visit at the median gestational age of 9.9 weeks— at a time beyond
the most common window of pregnancy loss (before 9 weeks) (Mumford et al., 2016). Since
pesticide exposure may affect pregnancy loss (Arbuckle et al., 2001; Bell et al., 2001; Chiu
et al., 2018), survival bias may arise if there were unmeasured common causes for
pregnancy loss and birth outcomes. Furthermore, despite our adjustment for a large number
of potential confounders, there may be residual bias from residual and unmeasured
confounding (e.g. residential use of pesticides). Lastly, fetal size and gestational age, used as
markers of fetal growth in this study, are only a snapshot of growth trajectory (Gillman,
2002). Future studies should further evaluate the effect of pesticide exposure on intrauterine
growth, postnatal growth, and child development.

Our study also has some strengths, including a prospective study design, a relatively large
sample size, and detailed covariate information on many maternal factors that have
previously been associated with fetal growth. In addition, the availability of a full-length
FFQ during the first trimester and second trimester of pregnancy allowed evaluation of the
most susceptible prenatal time period in which an exposure may have a feto- or embyrotoxic
effect (Rozman & Klaassen, 2007; Sadler, 2011).

5. Conclusions

In this study, we found that intake of high pesticide residue FVs, regardless of trimester of
pregnancy, was not associated with SGA, LGA, or preterm birth. We also found no
associations between low pesticide FV intake during pregnancy and these outcomes. Given
the paucity of data on this topic and the inherent limitations acknowledged earlier, further
understanding of prenatal dietary pesticide exposure on birth and later childhood outcomes
could result from confirmation using repeated measures of exposure biomarkers at the
relevant time window (e.g, preconception periods, early, and late pregnancy), incorporating
genotyping data, and collecting detailed covariate information (e.g., organic food
consumption frequency, occupation, and residential pesticide exposure history) in future
studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights:
. Little is known about whether intake of pesticide residues from fruits and
vegetables during pregnancy may have adverse health effects on offspring.
. Neither intake of high or low pesticide residue fruits and vegetables during
pregnancy was associated with preterm birth or fetal growth.
. More studies are needed to further investigate the impact of prenatal pesticide

exposure on birth and later childhood outcomes.
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Non-white mothers

P, trend=0.42
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Associations of high pesticide residue fruit and vegetable intake during the first trimester
with preterm birth in infants of 1275 white mothers and 502 non-white mothers participating
in Project Viva. The models were adjusted for maternal age, pre-pregnancy BMI, smoked
during pregnancy, marital/cohabitating status, parity, household income, education, dietary
patterns, total energy intake, season of diet assessment, height and paternal height, and first
trimester low pesticide fruit and vegetable intake. P-value for interaction=0.01. Quintile 1
was used as the reference group. Abbreviations: FV, fruit and vegetable; OR, odd ratios.
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Table 1.

Characteristics of 1777 pregnant women and their infants in Project Viva

Total (n=1777)

White (n=1275)

Non-white (n=502)

Maternal characteristics

First trimester

High pesticide FV intake, servings/d
Low pesticide FV intake, servings/d
Age, years

Gestational age at enrollment, wks
Pre-pregnancy BMI, kg/m?

Total energy intake, kcal/day
Prudent dietary pattern

Western dietary pattern

Race/ethnicity

. Non-Hispanic black

. Hispanic or Latino

. Asian

. Non-Hispanic White

. Other

Married or cohabitating
.No

. Yes

College graduate or higher
.No

. Yes

Annual household income >$70,000/y

.No

. Yes
Nulliparous
.No

. Yes

Smoking status
. Never

. Former

. During pregnancy
Height
.<1.6m
.16-<1.7m
.21.7m

Paternal height

2.3(14)
31(L7)
322 (4.9)
10.4 (2.5)
246 (5.3)
2060 (673)
-0.0 (1.0)
-0.0 (1.0)

219 (12.3)
115 (6.5)
103 (5.8)

1275 (71.8)
65 (3.7)

119 (6.7)
1658 (93.3)

544 (30.6)
1233 (69.4)

671 (37.7)
1106 (62.3)

904 (50.9)
873 (49.1)

1198 (67.4)
383 (21.6)
195 (11.0)

311 (17.5)
947 (53.3)
519 (29.2)

Mean (SD)

2.4(13)
3.0(L5)
32.9(4.3)
10.4 (2.4)
24.2 (4.9)
2058 (592)
0.2(0.9)
-0.1(0.9)
N (%)

35 (2.7)
1240 (97.3)

300 (23.5)
975 (76.5)

377 (29.6)
898 (70.4)

632 (49.6)
643 (50.4)

813 (63.8)
331 (25.9)
131 (10.3)

188 (14.7)
671 (52.6)
416 (32.6)

23(L7)
3.4(2.1)
30.5 (5.9)
10.6 (2.8)
25.6 (5.9)
2066 (844)
-0.5 (1.0)
0.1(12)

84 (16.7)
418 (83.3)

244 (48.6)
258 (51.4)

294 (58.5)
208 (41.5)

272 (54.2)
230 (45.8)

385 (76.7)
53 (10.5)
64 (12.8)

123 (24.5)
276 (55.0)
103 (20.5)
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Total (n=1777) White (n=1275)  Non-white (n=502)
.<17m 162 (9.1) 68 (5.4) 94 (18.7)
.17-<18m 719 (40.5) 512 (40.2) 207 (41.3)
.>18m 895 (50.4) 695 (54.5) 201 (40.0)
Child characteristics
Sex
. Male 893 (50.3) 639 (50.1) 254 (50.6)
. Female 884 (49.7) 636 (49.9) 248 (49.4)
Preterm (<37 weeks)
.No 1647 (92.7) 1202 (94.3) 445 (88.6)
. Yes 130 (7.3) 73 (5.7) 57 (11.4)
Birth weight for gestational age and sex
. Small for gestational age (<10th %tile) 98 (5.5) 52 (4.1) 46 (9.2)
. Average for gestational age (10th - <90th %tile) 1436 (80.8) 1027 (80.5) 409 (81.5)
. Large for gestational age (=90th 9%tile) 243 (13.7) 196 (15.4) 47 (9.4)
Season of birth
. Spring 475 (26.7) 128 (25.5) 276 (21.7)
. Summer 483 (27.2) 126 (25.1) 347 (27.2)
. Fall 394 (22.2) 118 (23.5) 357 (28.0)
. Winter 425 (23.9) 130 (25.9) 295 (23.1)
Mean (SD)
Birth weight for gestational age z-score 0.19 (0.95) 0.28 (0.94) —0.03 (0.96)
Gestational age at birth, weeks 39.5(1.9) 39.6 (1.7) 39.0(2.3)
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