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Abstract

Objective—To test for gender-differences in the relation between mothers’ antenatal anxiety and
infants’ body weight during gestation, at birth, and at 1-month of age.
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Methods—Two hundred and twelve randomly-recruited women were divided into two groups:
Controls (n = 105) and Anxious Group (n = 107) based on a standard cut-off of the Beck Anxiety
Inventory. Outcome measures were Fetal Weight derived from biometrics obtained from an
ultrasound scan in the 3" trimester and infants’ weight at birth and at 1-month of age, both
obtained from medical records.

Results—Multivariate analyses showed main effects of Gender on infants’ birth weight (P = .
001) and on infants” weight at 1-month of age (P = .004), but no main effects of Anxiety Group at
any time-point. Gender x Anxiety Group interactions at all three time points (Fetal weight: P =.
05; Birth weight: P =.03; 1-month of age: P = .10) reflected gender differences (males > females)
among infants in the anxious group, but not among controls. Distinct trends regarding same sex
comparisons across groups (Control vs. Anxiety) were in line with predictions (male controls <
male anxious; female controls > females anxious). Controlling for Postpartum Anxiety and
Antenatal and Postpartum Depression in the models did not affect primary results.

Conclusion—Gender differences in fetal and birth weight were more substantial among infants
of anxious mothers than among controls due to the seemingly accelerated growth of “anxious”
males and the diminution of weight among “anxious” females.

Keywords
Antenatal Anxiety; Gender; Fetal programming; Fetal Weight; Sexual Dimorphism

Introduction

It is well documented that pregnancies are more likely to end badly if the baby is a boy
[1,2]. As examples, in the 50-70% of pregnancies that fail, the loss of male fetuses exceeds
the loss of females [3,4]. Males are 20% more likely to experience a poorer outcome in
pregnancies complicated by pre-eclampsia [5] and intrauterine growth restriction (IUGR) or
when the mother smokes [6], drinks alcohol, or eats unhealthily during pregnancy [see
review in 7]. More males are born preterm [1] and those that survive, have poorer outcomes
[8,9,10]. Additionally, several studies demonstrate lower than expected live birth sex ratios
(i.e., the ratio of male to female live births) following natural and manmade disasters, such
as the terror attacks of September 11, 2001 [11] and periods of economic decline [12].

Mechanistic causes of males’ greater vulnerability than females remain poorly established
[7,13,14,15], though accumulating evidence suggests that the increased risk of male fetuses
is somehow related to “their” prioritization of growth in the face of challenge [as in 16,171],
as induced by pre-eclampsia, maternal asthma, and prematurity [review in 18]. In contrast,
the stress-activated mechanisms in females seem to promote the conservation of growth and,
with it, reduced size, which could make them less vulnerable to gestational challenge than
males. According to recent studies, these gender differences are likely mediated, in part, by
the placenta and conferred by sex-specific differences in the regulation and expression of
placental genes, proteins, steroids, and structure [18,19]. For males, the strategy is
minimalist, with few gene protein or functional changes instituted in the placenta, which

1Study reports preliminary findings on birth weight.
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ascertains continued growth in less than optimal maternal environments. This male response
is associated with bad outcomes such as IUGR, preterm delivery, or death, especially if
adversity recurs or is exacerbated [1]. In contrast, the female placenta responds to an adverse
maternal environment with multiple placental gene and protein changes that result in a
decrease in growth without growth restriction (< 10th weight percentile). These female
adjustments predict resilience in the face of additional or recurrent stressors that further
compromise nutrient or oxygen supply to the fetus.

The idea of gender-specific stress-effects on fetal development and health also emanates
from the influential Trivers and Willard evolution-based model that aims to explain changes
in sex ratio in response to environmental challenges [20]. For this, the model assumes that
the reproductive success (RS) is more variable and resource-sensitive for males compared to
female offspring because males in good condition will reproduce frequently and with many
partners, whereas compromised males may not reproduce at all. In contrast, “condition” has
less influence on the RS of female offspring because almost all reproduce in their lifetimes.
These presumptions predict that mothers will invest more in males when conditions are
“good” and more in females when conditions are not good; and correspondingly, that
intrauterine challenges will affect males more significantly than females. Assuming maternal
mechanisms for the identification and abortion of the frail and weak [20], males in the
surviving cohort may be, on average, bigger than usual. At the same time, these survivors
may either be vulnerable to pathology because of mothers’ lack of investment or they may
show improved development and high indices of good health, in keeping with their size and
shown capacity to survive gestational cuts [17]. Evidence to support these predictions
among humans comes from studies using a wide range of stressors [e.g., 21,22,23,24,25],
although findings from the literature, taken as a whole, are mixed [see review in 26].

Rationale and Hypotheses

The possibility that processes of fetal programming differ for males and females before they
are born opens avenues for understanding gender differences in health and development
throughout the life span. Essential to advances in this research area is further evidence of
gender-distinct responses to antenatal stress during gestation, since at this time there are few
prospective studies on humans on which to base conclusions and future hypotheses [review
in 27]. On this basis, we aimed to provide new evidence of sex-specific growth in relation to
antenatal challenge in the form of maternal anxiety, using estimated fetal weight obtained
from an ultrasound scan during the 37 trimester, birth weights, and weights at 1-month of
age as outcome measures and maternal antenatal anxiety as the gestational challenge.
Anxiety is appropriate for this because it is an emotional response to stress and is
accompanied by a host of physiological responses [see review in 28], such as increased
cortisol, a product of the hypothalamic pituitary axis (HPA), that is able to cross the placenta
in a limited manner to affect fetal development [29]. Less directly, antenatal anxiety may
affect fetal development by altering the barrier enzyme Placental 11b-hydroxysteroid
dehydrogenase type 2 (HSD11B2) 11bHSD2 leading to fetuses’ increased exposure to
glucocorticoids [30]. Alternatives to an HPA axis-mediated mechanism, such as restricted
uterine blood flow [31] and/or immunological mechanisms [32], could affect fetuses’
development and health, as well.
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Based on the literature reviewed, we hypothesized that males carried by anxious mothers
would weigh the same or more than males in the control group both in utero and at birth,
whereas females carried by anxious mothers would weigh less than female controls [17]. In
tandem, we expected that males and females in the anxious group would show more
substantial differences in weight at each time-point than counterparts in the control group.
Finally, for both males and females, we posited that relations between antenatal anxiety,
gender, and infant body weight would differ across the three time-points. In this regard, we
hypothesized that (a) Gender effects would become more robust with time as the infants
grow and develop [33,34], and (b) Gender x Anxiety Group effects would diminish after
birth, assuming that a complex array of postpartum environmental variables (e.g., duration
of nursing, if at all; schedule of feeding [35]) affect infants’ weight after birth, thus reducing
the impact of mothers’ antenatal anxiety.

In sum, our aim was to compare the (body) weight of fetuses/infants born to mothers with
and without significant anxiety symptoms in order to test for gender-related responses to
challenge (maternal anxiety) during gestation and at and after delivery. As such, this is the
first study to examine the issue longitudinally by tracking infants’ weights from gestation to
after birth. Results favoring our hypotheses would constitute new evidence of the effects of
antenatal anxiety on fetal and infant development and could further understanding of the
differential effects that some gestational challenges have on males and females before and
after they are born. Finally, the study of risks related to antenatal anxiety is relevant because
of the high prevalence rate of maternal anxiety symptoms, even in low risk samples (e.qg.,
35.8% assessed by the Hospital Anxiety and Depression Scale [36]; 18.6% assessed by BAI,
with cut-off score 10 [37].

The final sample comprised 212 infants and their mothers. As shown in Table I, the women
were on average well-educated, mature, and married. The families’ median monthly salary
was approximately $3,000/month, which is about average by Israeli standards [38].

Procedures were approved by institutional review boards. Pregnant women living
throughout Israel were recruited from 04/09 to 12/10 by advertisements in newspapers and
posters in health clinics. The data were taken from a study on stress and maternal health,
motivated by the gender differences revealed in preplanned preliminary analyses of the data.
Only pertinent aspects of the study are described here.

In stage 1, women received an explanation of the study by phone, and those who agreed to
participate were screened at 22—-30 weeks gestation (mean (M) = 28.68 weeks; standard
deviation (SD) = 2.84) for chronic illnesses and pregnancy complications that served as
exclusionary criteria (see below). In the following stage, 32—36 weeks into pregnancy (M =
34.17, SD = 1.29), women were examined by ultrasound (see below) to obtain biometrics,
asked about health issues that may have arisen since stage 1, and filled out anxiety and
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depression symptomology questionnaires. At 1-3 months postpartum (M = 9.8 weeks, SD =
2.29), the women were visited in their home, where they again filled out questionnaires on
symptomology. At that time, the women provided us with a copy of the infants’ well-baby
records, which included infants’ weight at 1-month of age. The women also provided written
permission to access their medical records from the hospital where they gave birth.

Exclusion and attrition

Prior to childbirth, exclusion criteria included: (a) confirmed pregnancy with multiple
fetuses, (b) smoking or drinking during pregnancy, and/or (c) documented chronic illnesses
or medical complications during pregnancy (e.g., maternal hypertension, diabetes mellitus,
and fetal growth restriction) that were deemed dangerous to fetus and/or mother. These
exclusionary criteria were applied because they refer to conditions or behaviors that increase
the risk for atypical fetal growth and early deliveries [39]. Medical decisions were made on
a case-by-case basis by Dr. D. Mankuta, head of delivery and labor rooms in Hadassah
Medical Center, Jerusalem, Israel.

Following acceptance into the study (N = 309), 29 mothers and their infants were excluded
due to pregnancy complications reported after enrollment (e.g., high blood pressure) or
recommended bed-stay. Twenty-two women refused to travel to the hospital in their 3
trimester. Another 20 were excluded because of technical problems with the ultrasound
scanner, difficulties in scheduling an ultrasound or home visit (n = 23), and/or failure to
obtain medical records (n= 3).

Tools and Measures

Ultrasound, biometrics, and fetal weight—All women in the final sample underwent
a 3" trimester ultrasound, free of charge, at Hadassah Medical Center, Jerusalem, Israel.
The scans were undertaken by certified and experienced sonographers or physicians, who
were blind to the aim of the study or to group placement. Professor EJH Mulder
(Department of Obstetrics, University Medical Center Utrecht, Utrecht, The Netherlands)
provided supervision in designing protocol, and all of the sonographers and physicians
involved in the project were instructed in the (sonographic) protocol of this study in a two
day training course led (in person) by Professor JIP de Vries (Department of Obstetrics and
Gynecology, University Hospital, Groningen, The Netherlands). Ultrasound sessions were
attended at regular intervals by project coordinators to assure that procedures were standard
across sessions. Only one ultrasound machine, certified by the Israel Ministry of Health, was
used to obtain fetal weights for the study.

The ultrasound scan consisted of a 1-hour transabdominal (ultrasound) study that included a
systematic structural survey of the fetus that focused on the provision of biophysical scores,
blood flow velocimetry of umbilical and middle cerebral arteries, and a clear view of the
fetus for the coding of fetal movements (data not included here). During the scan, a total of
three sets of measurements: (a) biparietal distance [BPD] and head circumference [HC], (b)
abdominal circumference [AC], and (c) femur length [FL]; were calculated (in mm) for each
woman. As recommended by the International Society of Ultrasound in Obstetrics &
Gynecology [40], the BPD was measured from the proximal echo of the fetal skull to the
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proximal edge of the deep border at the level of the cavum Speti Pellicidi. The HC was
measured as an ellipse around the perimeter of the fetal skull. The AC was measured in the
transverse plane, when the umbilical vein is positioned in the first third of the fetal abdomen
and the stomach bubble is in the same plane. The FL was obtained in a horizontal view,
measuring the full femur excluding the epiphysis from one end of the diaphysis to the other.
Estimated fetal weight (EFW), was calculated from measurements of AC and FL, using the
Hadlock formula (Logig EFW = 1.304 + (0.05281 x AC) + (0.1938 x FL) — (0.004 x AC %
FL) [41].

Infants’ birth weight (BW) and weight at 1-month of age—BW was measured using
electronic scales and recorded by midwives immediately after birth. Infants’ weight at the 1-
month exam was taken from the mothers’ well baby file and confirmed by their mothers
during the home visit.

Anxiety Symptomology—The Beck Anxiety Inventory (BAI) [42] provides a measure of
anxiety severity during the past week. The BAI consists of 21 disorder-related symptoms,
rated in severity, 0-3, and summed to obtain a final score. According to established
thresholds, scores 0-7 are considered “normal” and a score of 8 or higher is considered
outside of normal range (i.e., score 0—7 no anxiety, 8-15 minimum anxiety, 16—-25 moderate
anxiety; 26-63 severe anxiety). The inventory has good psychometric properties, including
discriminative validity with depression [43]. In this study, Cronbach a was .85.

Covariates

Gestational Age (GA) at birth: GA was read from the medical records and cross-checked
with our own calculations using last menstrual period (LMP) confirmed by 15t trimester
ultrasound or the earliest ultrasound available. The date was then corrected if the LMP
deviated significantly (> 7 days) from the early ultrasound, if available (n = 170, 70.2%).

Pre pregnancy Body Mass Index (BMI): BMI was derived from mothers’ reports of her
prepregnancy weight and calculated by the standard equation: BMI = Weight (kg) /Height
(m)2. Mothers’ pre pregnancy BMI has been correlated with estimated weights of fetuses
and infants’ birth weight [35].

Demographics: Personal and family demographics, including mothers’ age, education, and
parity (primipare vs. multiparae), were obtained by interview. Women also were asked
specific questions about their infant’s history of feeding (breast feeding, formula, or
combination) since birth and whether solids had been introduced. From these data, we
calculated a measure Duration of Breast-feeding. This information was considered relevant
because breast fed infants may weigh less than bottle fed infants [35], especially when
infants are very young and milk constitutes almost all of their diet.

Beck Depression Inventory (BDI) [44]: Depression symptomology was assessed by
women’s ratings on the BDI, which consists of 21 disorder-related symptoms (rated in
severity, 0-3). Categories of severity are: scores 14-19, mild depression; 20-28, moderate
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depression; 29-64, severe depression. Psychometrics are acceptable [45], and in this study,
Cronbach a was .85.

Data Reduction: Anxiety Groups—Women were categorized into anxious vs. non
anxious/control groups using a BAI cut off score of 7/8 [42]. We did not further subdivide
women in the Anxious Group by levels of severity because only 23 women scored above the
cut off for moderate anxiety (BAI score = 16), and only 5 of those gave birth to sons.

Statistical Analyses

Results

Data for all variables were screened for missing values, normality and outliers. Weights
were normally distributed and were entered into analyses as raw values. Homogeneity of
variance between groups was assessed by the Levene test for equality of error variances.

In preliminary analyses, we tested for potential biases due to attrition by comparing women
who completed the study vs. women who did not on demographic variables and outcome
measures. We also ran simple correlations between outcome measures and between
outcomes and sample demographics to test for inter relations/covariation between focal
measures.

The primary analyses comprised three general linear models (GLM) analyses of variance
(ANOVA), with Gender and Anxiety Group (Controls vs. Anxious) as between-group
variables and Weight at one time-point as the outcome measure. Univariate Analyses of
Variances (ANOVAs) were used to explore significant interaction effects.

In supplemental analyses, we reran the three ANOVA models and included Antenatal
Depression as a covariate in order to partial out its contribution to weight measures. We also
controlled for postpartum depression and anxiety (in separate analyses) in the models with
infants” weight at 1-month postpartum as the dependent variable. Control of Depression was
warranted because the incidence rate of anxiety and comorbid depression is high [37,46],
and the presence of both disorders predicts different and/or more extreme outcomes than
either disorder on its own [47].

In all analyses, mothers’ age, education, parity (primipare vs. multiparae), mothers’ BMI
prior to pregnancy, duration of breast feeding (weeks, including 0 for none), and gestational
age of infant at birth and (if different) infants’ age at the time of assessment were considered
potential covariates. To begin, we entered all candidate covariates simultaneously into each
model and then removed them, one at a time, starting with the one with the largest p value
and stopping when the remaining predictors were at least marginally significant (p < .10).

Preliminary Analyses

Women in our sample scored between 0 — 35 and 0 — 46 on the BAI during pregnancy and at
the time of the home visit, respectively. Scores on the antenatal and post partum BDI ranged
between 0 — 32 and 0 — 35, respectively. The prevalence rate of antenatal anxiety symptoms

(> score 7) was 36.79%. Differences in scores between mothers of boys and girls were not
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significant (ps > .22). Approximately half (50.4%) of the women gave birth to girl infants.
Eighty-three percent delivered vaginally and 17% by C-section (3.3% planned, 13.7%
unplanned).

One infant (female from the anxious group) was born prematurely (35.0 weeks GA); six
infants (2 boys and 3 girls from control group; one girl from the anxious group) were born at
low weight (< 2500 grams); and 18 infants were born heavier than normal (> 4000 g; 8 boys
and 4 girls from the control group, 5 boys and 1 girl from the anxious group). All of the
infants scored within normal range on the Apgar scale (scores 8 —10). As shown in Table II,
fetal, birth, and 1-month weights were correlated, but there were a few significant
correlations between weights and background/demographic variables used in this study.

In separate analyses, we confirmed that there were no differences between the women who
completed the study and those who did not on demographics (age, education, and parity),
anxiety symptomology scores, or infants’ weights at any of the three time-points.

Primary Analyses

Results of the multivariate analyses are illustrated in Fig 1 (see below, page 13).

Results of the primary analyses revealed:

a. Main effects of Gender (males > females) on BW (F(1, 206) = 10.55, p = .001,
partial eta squared [np?] = .06) and on infants’ weights at 1-month of age (F (1,
206) = 8.66, p = .004, np? = .07), but not on fetal weights (F (1, 206) =2.21,p=.
14, np? =.01).

b. No main effect of Anxiety group at any of the three time-points (EFW: F (1, 206)
=.082, p = .78, np? = .007; BW: (F (1, 206) = .002, p = .97, np? = .02), 1-month
(F(1, 206) = 1.99, p = .16, np? = .005).

c. Significant interactions between Gender and Anxiety Group in relation to EFW (F
(2, 206) = 3.74, p = .05, np? = .02) and BW (F (1, 206) = 6.57, p =.01, np? = .03),
as well as a distinct trend in relation to infants’ weight at 1-month of age (F (1,
206) = 2.35, p = .10, np? = .02).

Subsequent posthoc tests were aimed at deciphering the core of significant interactions.
Analyses revealed that, at the 3™ trimester time-point, male fetuses in the anxious group
weighed more than females in the anxious group (F (1, 74) = 4.66, p = .03, np? = .06), but
the same gender difference was not evident among fetuses of controls (F (1, 130) =.11,p =.
75, np2 = .001). Further, male fetuses of anxious mothers weighed (numerically, though not
significantly) more than male fetuses of controls (F (1, 101) = 2.00, p = .16, np? = .02); and
the opposite was the case for females (F (1, 103) = 1.68, p = .20, np? = .02). Covariates
included in these models were GA at the time of weight assessment and mothers’ BMI prior
to pregnancy.

At the time of birth, sons of anxious mothers again weighed significantly more than
daughters of anxious mothers (F (1, 74) = 17.99, p = .0001, np? = .20), and there was no
comparable gender difference between infants of controls (F (1, 130) = .27, p = .60, np? ~.
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002). In addition, there was a significant weight difference between daughters of anxious vs.
controls mothers (F (1, 103) = 4.73, p = .03, np? = .044) and a strong tendency for sons of
anxious mothers to weigh more than sons of controls (F (1, 101) = 2.56, p = .11, np? = .03).
Covariates in these models were GA at birth and mothers” BMI prior to pregnancy.

Post hoc examination of data obtained postpartum revealed a robust gender effect among
infants of anxious mothers (F (1, 74) = 7.48, p = .008, np2 = .09) and a weak trend among
infants of controls (F (1, 130) = 2.08, p = .15, np? = .02). At least in part, the gender
difference shown by infants from the anxious group is explained by the near-significant
Group difference in 1-month weight for boys (Controls < Anxious Group, F (1, 101) = 2.80,
p =.097, .03), but not for girls (F (1, 103) = .05, p = .82, np? =.001). As before, we
controlled GA at birth and mothers’ BMI prior to pregnancy in these analyses.

Finally, the repeated measure analysis designed to test for change over time (time-point 1:
gestation, time-point 2: birth, time-point 3: 1-month post birth) yielded between subject
effects of Gender (F (1, 206) = 10.20, p =.002, np? = .06) and Gender x Anxiety Group = (F
(1, 206) = 2.81, p = .05; np? = .02), and no effect of Anxiety Group (1, 206) = .86, p = .36;
np? = .005). Additionally, within-subject effects (indicating change over time) included a
significant Time-point x Gender interaction (F (2, 414) = 3.84, p = .022, np? = .02) and a
distinct trend in relation to the Time-point x Gender x Anxiety Group interaction (F (2, 414)
=2.45, p = .11, np? = .014). Of interest here- these latter results reflect the more substantial
Gender x Anxiety interaction at time-point 1 and 2, compared to time-point 3 and a
significant gender difference at time-point 2 and 3, but not at time-point 1. Covariates in
these models were Gestational Ae at birth and mothers’ BMI.

Supplemental Analyses

a. Controlling postpartum anxiety—The expanded ANOVAs, with Postpartum
Anxiety included as a covariate, showed no main effect of that measure on infants’ 1-month
weight (F(1, 205) = .70, p = .40, np? = .004) and, as in the primary tests, null findings for
Antenatal Anxiety (F (1, 205) = .13, p = .72, np? = .001), a significant effect of Gender: (F
(1, 205) = 10.46, p = .001, np? = .0.06); and a nonsignificant trend in the Gender x Anxiety
interaction (F (1, 205) = 1.87, p = .15, np? = .013).

b. Controlling antenatal and postpartum depression—Results of the analyses with
inclusion of antenatal BDI scores as a covariate revealed no significant contribution of the
variable on infants’ weight at any time-point (3" trimester: F (1, 205) = .34, p = .56, np? = .
002; BW: F (1, 205) = 2.08, p = .15, np? = .01; 1-month: F (1, 205) = .001, p = .98, np? = .
0001), and results of the expanded models were essentially the same as those obtained from
the primary analyses. Likewise, inclusion of postpartum depression scores in the model
predicting infants’ 1-month weights revealed no main effect of Depression (F (1, 205) = .47,
p = .49, np? = .003) and the results were similar to those obtained from the primary analyses.

c. Distribution of infant gender among mothers with moderate anxiety (BAI =
16)—As noted, of the 23 women who scored higher than the cut off for moderate anxiety,
only 5 delivered sons. According the binomial probability test, this finding is significant,
meaning that more daughters than sons were born to mothers with high anxiety.
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d. Sample limited to full term infants—We repeated primary analyses without the one
premature infant, and our findings were essentially the same as those based on the whole
sample, with the infant included.

Discussion

We examined the hypothesis that male and female fetuses “respond” differently to
gestational challenge, defined here as maternal anxiety. Evidence in favor of the hypothesis
entails gender differences in weight among infants of anxious mothers but not among infants
of controls at all three time-points. Concurrently, sons of anxious mothers tended to weigh
more than sons of controls at birth and at 1-month of age, and daughters of anxious mothers
weighed less than daughters of controls at the time of birth. Further and in line with
predictions, the significant repeated measure Time x Gender X Anxiety Group interaction
showed a diminution of Anxiety x Gender effects at time point 3 compared to time point 2,
which is likely due to the complex array of environmental variables that can contribute to
infants’ weight after birth [e.g., 35]. Notably, none of the results were substantially altered
by the inclusion of Depression (antenatal or postnatal BDI scores) or Postpartum Anxiety as
covariates in separate statistical models.

Though effects sizes were uniformly small, the general direction of the results concurs with
the idea that males and females fetuses “respond” differently to some antenatal challenges,
with a tendency for females to constrain or sustain growth and a tendency for males to
accelerate growth, at least under conditions of mild challenge [also see 17,48]. As such,
these results provide a new example of sexual dimorphism in the context of rather mild
antenatal anxiety and other indices of stress and stand out from existing evidence which has
focused almost entirely on outcomes related to substantial stressors and derived at the time
of birth (e.g., placenta dimensions or vascularization at birth [18], infants” birth weight or
gestational age at birth [49] or afterwards (e.g., motor development [50], prevalence of
affective problems and autism [51], learning problems [14]). The present study adds to these
findings by providing a picture of sex-specific anxiety-related growth derived from multiple
estimates of weight from 3" trimester gestation to 1-month postpartum using a sample of
low risk and healthy women [also see 34].

Given the novelty of the findings, the relatively small sample, and the generally small size
effect sizes, it will be important to replicate our findings. Nonetheless, as they stand now,
they are consistent with hypotheses and make sense from an evolutionary point of view,
assuming that a stressful intrauterine environment forecasts birth into stressful extra uterine
surrounds. Under these circumstances, accelerated growth among males would help them
compete strenuously for resources and mates [52]; whereas females would probably benefit
more from protecting their “innards” so to increase their chances of reproducing healthy
offspring in the future.

Another perspective of the results rests on the assumption that the mild to moderate anxiety,
as reported by women in our Anxious Group, was within the range (i.e., not too low and not
too high) that can benefit fetal (and infant) maturation via accelerated neural, physical, and

psychological development and not perturb fetal development as do higher levels of anxiety/
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stress [48,53,54,55,56]. As such, mild to moderately stressful uterine conditions could be
considered “good conditions”, as defined by Trivers and Willard [20]; and according to their
model, could prompt mothers to preferentially channel resources to males/sons, thus
accelerating their growth and channeling fewer resources to females.

A final explanation of our results rests on findings of antenatal sex differences in the
trajectory of products of complex physiologic processes that underlie gestation and which
could differentially influence fetal development of males and females [reviews in
7,15,27,57]. Such differences include the trajectory of cortisol release during gestation,
which can have gender-specific effects on fetal behavior [50,58] and neuromaturation [50].
Also, gender differences in placenta responsivitiy to stress [59], immune and hormonal
changes during gestation (e.g., indexed by levels of proinflammatory and regulatory
cytokines and proangiogenic growth factors [60]), or the reprogramming of imprinted genes
expression [reviews in 61,62,] could contribute to gender-related responses to challenge
during gestation.

Several points regarding more general themes also are worthy of mention. First, our data
suggest that even mild anxiety influences fetal growth, thus showing again that stress-related
modulation of fetal growth is not limited to severe conditions [63]. Second, our results
suggest that fetal development can be accelerated in the context of mild challenge as has
been reported in a few previous studies [48,52,64]. Third, it is important to point out that
although effect sizes were small; even subtle deviations in infants’” weight at birth can have
significant long term detrimental effects on development, including cognitive development
and educational achievement during childhood and on adults’ response to stress and physical
and mental health up to and beyond middle-age [65,66,67; reviews in 68,69,70]. Fourth, it is
interesting that so few boy infants were born to mothers with moderate anxiety, defined as a
BAI score of 16 or higher, and it is conceivable that this reflects the higher risk of male
fetuses compared to female fetuses in the context of considerable antenatal challenges [e.g.,
71,72]. Finally, our results support the call for including gender into models predicting
stress-related changes in fetal and infant development (e.g., 60,73]. As shown here,
combining data from males and females could cancel out sex-related repercussions, thereby
obscuring positive findings.

Before closing, we note several caveats. First, anxiety was assessed once during pregnancy,
during the third trimester, so we cannot know whether that reading represents the level of
symptoms experienced by women in the sample during the course of their pregnancy.
Second, our sample was relatively small and some of group differences showed notable
trends, but did not reach significance, This could be due to the sample size together with
small size effects. Third, though a number of covariates were entered into statistical models
in order to account for their contribution; it is possible that unmeasured confounds could
account for significant variance in results. Finally, according to the literature, our findings
may not be generalizable to more heterogeneous samples or to samples comprising women
with more severe anxiety symptoms [74].

These issues, not withstanding, our findings are novel and provide some of the first evidence
of gender-related responses to stress in general and anxiety in specific among humans during
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gestation. Accordingly, the results underscore the importance of considering gender in
research on fetal (and infant) development. They also suggest that mild to moderate anxiety
during pregnancy can impact important parameters of infants’ growth during gestation, but
differently for boys and girls.
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Highlights
«  We tested for gender-related differences in effects of mothers’ antenatal anxiety.
» Fetal weight and weights at birth and at 1-month were outcome measures.

»  Gender effects in weight were more substantial among anxious than control
groups.

*  Results show challenge-related sexual dimorphism in early growth of humans.
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Weights of fetuses during 3" trimester (FW), at birth (BW), and at 1-month post delivery.

Shown are weights of infants (males and females) of anxious and control mothers
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