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Diminished verbal ability among children conceived
through ART with exposure to high serum estradiol in utero
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Abstract
Purpose Higher serum estradiol levels occur in women undergoing assisted reproductive technology (ART) owing to ovarian
stimulation. Here, we investigated the association between maternal serum estradiol levels and the intellectual development of
offspring conceived with ART.
Methods A total of 204 singletons born after fresh embryo transfer were recruited for this cohort study. Among them, 102
children were born from mothers with high serum estradiol levels (> 12,000 pmol/L) on the day that human chorionic gonad-
otropin was administered. Another 102 children, matched by gestational age and age of the children, were recruited as controls
frommothers with low serum estradiol (≤ 12,000 pmol/L). TheWechsler Preschool and Primary Scale of Intelligencewas used to
evaluate the intellectual development of the children.
Results Children from mothers with higher serum estradiol levels scored lower in the verbal intelligence quotient (IQ) tests and
verbal comprehension than children whose mothers had lower estradiol levels. The main difference between the two groups was
in verbal subtests including information, vocabulary, and sorting. Partial correlation analysis revealed that the logarithm of
maternal serum estradiol level negatively correlated with verbal IQ, performance IQ, and full scale IQ.
Conclusion Our data demonstrate that a high maternal serum estradiol level may negatively associate the verbal ability of
children conceived via ART.
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Introduction

Accumulating research suggests that exposure of a fetus to an
abnormal environment in the uterus can cause chronic disease
in later life [1–4], as has been observed in both human popu-
lations and animal models [4–9].

Assisted reproductive technology (ART) was pioneered in
1978 and is now widely used; however, its short- and long-
term effects on offspring are not fully understood.
Superovulation has been the conventional strategy for ART,
but multi-follicle development also generates excessively high
hormone levels in maternal serum [10]. Women who undergo
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fresh embryo transfer, in comparison with frozen embryo
transfer and spontaneous conception, experience elevated es-
tradiol levels throughout early pregnancy [10, 11]. Studies
have shown that exposure of a fetus to high maternal serum
estradiol is associated with low birth weight, dyslipidemia,
and dysfunction of the thyroid and cardiovascular system in
offspring [12–15]. Moreover, offspring of mothers who suf-
fered from ovarian hyper-stimulation syndrome (OHSS) have
reduced intelligence, which has been associated with supra-
physiological levels of maternal serum estradiol [16].

Estradiol has a remarkable effect on neuroendocrine system
development and associated behaviors. During prenatal life,
fetal brain development encounters waves of steroid hormones
arising from the mother, placenta, and the developing fetal
gonads and adrenals, and any mistiming or inappropriate hor-
mone levels may affect the fetus and result in developmental
dysfunction [17]. However, the impact of highmaternal serum
estradiol on the intellectual development of offspring is not
well understood. In this study, we explored the association
between high maternal serum estradiol and the intellectual
development of children conceived via ART.

Materials and methods

Study design and patient recruitment

Women who underwent in vitro fertilization (IVF) at the
reproductive medicine center, Women’s Hospital, Zhejiang
University, participated in this study from December 2008
through December 2009. Patients were included if they
underwent IVF and fresh embryo transfer, and the maternal
estradiol concentration on the day of hCG (human chori-
onic gonadotropin) administration (hCG day) was >
12,000 pmol/L, which was the median value for estradiol
associated with fresh embryo transfer in our previous study
[16]. We used the following as exclusion criteria: women
who declined to participate; incomplete medical data or
missing data (e.g., maternal serum estradiol); previous di-
agnosis of a psychiatric or psychological disease; multiple
pregnancy; mothers who were > 40 years old at the time of
IVF; smoking or alcohol abuse (> 14 drinks/week for
women and > 21 drinks/week for men) by either parent
within 3 months before IVF; abortion; fetal loss; stillbirth;
neonatal death; and major congenital malformations in the
offspring. We created a 1:1 matched control cohort com-
posed of IVF women whose estradiol concentration on
hCG day was ≤ 12,000 pmol/L and their children. The ges-
tational age (within 1 week) and the age of children (within
6 months) were chosen as matching factors that influence
cognitive development according to previous studies
[18–20]. A total of 102 children born from mothers having
> 12,000 pmol/L serum estradiol on hCG day (high group)

and 102 chi ldren born f rom mothers having ≤
12,000 pmol/L serum estradiol on hCG day (low group)
were included in the analysis (Fig. 1).

Parental information and ART characteristics were col-
lected through parental interviews and review of medical
records. The height and weight of the children were mea-
sured during their assessments. Maternal and paternal ed-
ucation levels were classified into three groups: low (up
through completion of middle school), middle (completion
of high school), and high (completion of college or above).
The Ethics Committee of Women’s Hospital, School of
Medicine, Zhejiang University approved the study (refer-
ence number: 20120003). Signed informed consent forms
were obtained from the parents of these children. The in-
vestigation was performed according to the principles
outlined in the Declaration of Helsinki and was retrospec-
tively registered in the Chinese Clinical Trial Registry
(ChiCTR-SOC-16009555).

Evaluation of intellectual development

The intellectual development of the 4- to 7-year-old chil-
dren was assessed according to the Chinese version of the
Wechsler Preschool and Primary Scale of Intelligence
(WPPSI) [21]. All children completed ten individual tests,
including five verbal tests and five performance tests. The
verbal tests included Information (I), Vocabulary (V),
Arithmetic (A), Sorting (S) and Comprehension (C),
whereas the performance tests included Animal Pegs
(AP), Picture Completion (PC), Mazes (M), Object
Assembly (OA), and Block Design (BD). The raw score
from each intelligence subtest was converted to an age-
scaled score of intelligence quotient (IQ) according to a
nationally standardized norm of China [22], and the fol-
lowing three IQ types were calculated: Verbal IQ (VIQ,
transformed from the sum of scaled verbal scores),
Performance IQ (PIQ, transformed from the sum of scaled
performance scores), and Full scale IQ (FSIQ, transformed
from the total of all scaled scores). The mean score and
standard deviation for a normal population is 100 ± 15
[22]. Moreover, three other IQ factors were measured: the
Verbal Comprehension Factor (VC: I + V + C + S),
Perceptual Organization Factor (PO: PC + BD + OA), and
Memory/Caution Factor (M/C: A + AP + MA) [23].
Intelligence tests are routinely given to children conceived
via ART, and the tests were administered by trained pro-
fessionals who were blinded to the study grouping.

Statistical analysis

All statistical analyses were performed using SPSS (ver-
sion 22.0). Data with a probability score of p < 0.05 were
considered statistically significant. All continuous
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variables were analyzed for distribution normality using
the Kolmogorov-Smirnov test and Q-Q plot. Student’s t
test or Mann-Whitney U test was performed for the con-
tinuous variable. Categorical variables were compared
using two-tailed chi-square tests. The mean differences
were adjusted with a linear regression model to control
for certain confounders including birth weight, sex of the
child, parents’ education level, and maternal variables in-
cluding polycystic ovarian syndrome (PCOS), OHSS, ges-
tational diabetes (GDM), preeclampsia (PE), and
intrahepatic cholestasis of pregnancy (ICP). Meanwhile,
partial correlation analysis adjusted for sex of the child,
parents’ education level, and maternal variables was
adopted to investigate the relationship between maternal
serum estradiol level and intellectual development of their
children. Sample size was calculated before the study on
the basis of our previously reported IQs of IVF children
[16]. Considering score differences of 5 in FSIQ between
high and low estradiol subjects (SD = 10; power N = 0.9;
α = 5%; sampling ratio = 1), 84 cases in each group were
required.

Results

We recruited 204 women and their 204 children who complet-
ed the IQ tests. Table 1 shows the clinical information for the
children and parents. The age, gender, height, weight, and
body mass index of children at follow-up time were similar
between the low and high groups. The percentage of preterm
births (gestational age < 37 weeks) among the overall study
population was 21.1% (43/204), but no significant difference
was noted between the two groups. The birth weight of chil-
dren in the high group was lower than that in the low group,
which is consistent with our published findings [11].
Moreover, OHSS incidence rates in the high group were
slightly higher than those in the low group, which may be a
result of the estradiol inclusion criteria. The parental data were
similar between the two groups except for maternal serum
estradiol level on hCG day.

Intellectual development was evaluated with WPPSI
(Table 2). Children from the high group scored lower in VIQ
(− 4.9, 95% confidence interval, CI, − 8.5 to − 1.3) and verbal
comprehension (− 3.3, 95% CI − 5.6 to − 1.0), but no statistical

Fig. 1 Flow chart of the clinical study
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difference was observed in PIQ, perceptual organization, and
memory/caution. Owing to the lower scores in VIQ, children of
the high group were 3.9 (95% CI − 7.1 to − 0.8) lower than that
of the low group in FSIQ. To solidify the results, we further
analyzed the data with a linear regression model to control for
potential confounding factors and to assess the effects of prog-
nostic factors. We adjusted for birth weight, sex of the child,
parents’ education level, andmaternal variables (PCOS, OHSS,
GDM, PE, and ICP). After adjustment, VIQ (− 4.5, 95% CI −
8.3 to − 0.7) and verbal comprehension (− 2.9, 95% CI − 5.3 to

− 0.5) of the high group children were still significantly lower
than the corresponding values for the low group children.
Details of subtests are shown in Table 3. The main differences
between the two groups occurred in information, vocabulary,
and sorting subtest.

Upon determining that maternal serum estradiol level on
hCG day correlated positively with maternal serum estradiol
levels at 4 and 8 weeks of gestation [11], we performed partial
correlation analysis between the serum estradiol level of the
mother on hCG day and the intellectual development of her

Table 1 Clinical characteristics
of children and parents in the low
and high serum estradiol groups

Characteristica Low (n = 102) High (n = 102) p valueb

Children

Age at follow-up, years 4.95 (0.27) 5.02 (0.42) 0.830c

Sex, male (%) 59 (57.8) 56 (54.9) 0.672

Height at follow-up, cm 111.8 (4.36) 111.1 (4.50) 0.251

Weight at follow-up, kg 19.0 (2.63) 18.6 (2.38) 0.415c

BMI, kg/m2 15.2 (1.46) 15.1 (1.50) 0.601c

Delivery data

Gestational age at birth, week 37.8 (2.37) 37.5 (1.86) 0.451

Preterm birth (%) 18 (17.6) 25 (24.5) 0.230

Birth weight, g 3153 (700) 2978 (556) 0.049

Cesarean section (%) 53 (52.0) 60 (58.8) 0.324

Apgar < 7 at 5 min 4 (3.9) 2 (2.0) 0.407

Respiratory distress syndrome (%) 1 (1.0) 0 (0.0) 0.316

Parents

Maternal estradiol on day of hCG administration, pmol/L 9769 (1588) 15,081 (2901) < 0.0001c

Maternal age, years 30.0 (3.23) 29.4 (3.44) 0.207

Nulliparous (%) 84 (82.4) 80 (78.4) 0.481

PCOS (%) 21 (20.6) 27 (26.5) 0.322

OHSS (%) 4 (3.9) 11 (10.8) 0.060

Gestational diabetes (%) 19 (18.6) 20 (19.6) 0.859

Preeclampsia (%) 5 (4.9) 7 (6.9) 0.552

Intrahepatic cholestasis of pregnancy (%) 5 (4.9) 10 (9.8) 0.180

Maternal education level (%)d

Low 17 (16.7) 10 (9.8) 0.072

Middle 33 (32.4) 48 (47.1)

High 52 (51.0) 44 (43.1)

Type of infertility, primary (%) 70 (68.6) 65 (63.7) 0.459

Paternal age, years 32.5 (4.90) 32.5 (5.58) 0.995

Paternal education level (%)d

Low 11 (10.8) 16 (15.7) 0.227

Middle 30 (29.4) 37 (36.3)

High 61 (59.8) 49 (48.0)

OHSS, ovarian hyper-stimulation syndrome; BMI, body mass index; PCOS, polycystic ovarian syndrome
aData are expressed as the mean (SD) or the number of participants (percent)
b The p values were calculated by the Student’s t test or chi-square test unless otherwise specified
c The p values were calculated by the Mann-Whitney U test
dMaternal and paternal education levels were classified as low (up through completion of middle school), middle
(completion of high school), and high (completion of college or above)
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offspring to investigate the association between maternal se-
rum estradiol and offspring IQ. In this analysis, we adjusted
for sex of the child, parents’ education level, and maternal
variables (PCOS, OHSS, GDM, PE, and ICP). The results
revealed a negative correlation between the logarithm of the
maternal serum estradiol level and the VIQ (R = − 0.29,
p < 0.001), PIQ (R = − 0.25, p < 0.001), and FSIQ (R = −
0.32, p < 0.001) of the children (Fig. 2).

Discussion and conclusion

The issue of whether ART can affect the cognitive develop-
ment of the resulting children has long attracted attention.
Most studies have found comparable cognitive development
between ART-conceived and spontaneously conceived

children [24, 25]. Our previous study showed that children
born to OHSS mothers had lower IQs than non-OHSS IVF
children, and this difference was associated with high mater-
nal serum estradiol. However, it remains unknownwhether IQ
is affected in children born to mothers with high serum estra-
diol. In this study, using the mean value (12,000 pmol/L) of
estradiol associated with fresh embryo transfer as a reference
[16], we recruited children whose mothers had high serum
estradiol (> 12,000 pmol/L) or low serum estradiol (≤
12,000 pmol/L) on hCG day. Children from the high group
had had lower verbal ability scores (VIQ and verbal compre-
hension) than children from the low group. Owing to the low-
er scores for VIQ, FSIQ scores were statistically different
between the two groups. However, the mean FSIQ scores of
the two groups were still above 100 and within the normal
range. Moreover, partial correlation analysis revealed that the

Table 3 Subtest scores of the low and high groups

Characteristica Low (n = 102) High (n = 102) Mean difference (95% CI) Mean difference (95% CI) adjustedb Effect sizes (Cohen’s d)

Verbal test

Information 9.6 (2.8) 8.5 (3.1) − 1.1 (− 1.9 to − 0.3) * − 1.0 (− 1.9 to − 0.2) * 0.339

Vocabulary 11.1 (2.3) 10.3 (2.6) − 0.8 (− 1.5 to − 0.1) * − 0.7 (− 1.4 to − 0.1) * 0.326

Arithmetic 9.2 (2.7) 8.9 (2.7) − 0.2 (− 0.9 to 0.5) − 0.3 (− 1.1 to 0.5) 0.111

Sorting 11.3 (2.6) 10.4 (2.5) − 0.9 (− 1.5 to − 0.2) * − 0.8 (− 1.5 to − 0.1) * 0.353

Comprehension 10.1 (2.5) 9.6 (3.4) − 0.5 (− 1.3 to 0.2) − 0.3 (− 1.2 to 0.5) 0.168

Performance tests

Animal Pegs 13.2 (1.7) 13.0 (2.0) − 0.3 (− 0.8 to 0.2) − 0.3 (− 0.8 to 0.2) 0.108

Picture Completion 10.1 (2.6) 9.7 (2.5) − 0.4 (− 1.1 to 0.3) − 0.4 (− 1.1 to 0.4) 0.157

Mazes 13.8 (2.8) 13.6 (2.6) − 0.2 (− 0.9 to 0.5) − 0.2 (− 1.0 to 0.6) 0.074

Object Assembly 11.4 (2.3) 10.8 (2.2) − 0.5 (− 1.2 to 0.1) − 0.5 (− 1.1 to 0.2) 0.267

Block Design 11.9 (2.1) 11.7 (2.4) − 0.2 (− 0.8 to 0.4) − 0.2 (− 0.9 to 0.4) 0.089

*p < 0.05
aData are expressed as the mean (SD) or mean difference (95% confidence interval)
b Adjusted for birth weight, gender of child, maternal education level, paternal education level, and maternal variables (including OHSS, PCOS, ICP,
GDM, and PE)

Table 2 IQ of children exposed to a low or high level of estradiol in utero

Characteristica Low (n = 102) High (n = 102) Mean difference (95% CI) unadjusted Mean difference (95% CI) adjustedb

VIQ 101.7 (11.7) 96.8 (14.3) − 4.9 (− 8.5 to − 1.3) ** − 4.5 (− 8.3 to − 0.7) *
PIQ 114.5 (10.4) 112.3 (11.4) − 2.1 (− 5.2 to 0.9) − 2.2 (− 5.3 to 1.0)

FIQ 108.7 (9.9) 104.8 (12.7) − 3.9 (− 7.1 to − 0.8) * − 3.7 (− 7.0 to −0.4) *
Verbal Comprehension 42.1 (7.4) 38.8 (9.0) − 3.3 (− 5.6 to − 1.0) ** − 2.9 (− 5.3 to − 0.5) *
Perceptual Organization 33.3 (5.0) 32.2 (5.4) − 1.1 (− 2.5 to 0.3) − 1.1 (− 2.5 to 0.4)

Memory/caution 36.2 (5.0) 35.5 (5.2) − 0.6 (− 2.1 to 0.8) − 0.8 (− 2.2 to 0.7)

VIQ, Verbal IQ; PIQ, Performance IQ; FIQ, Full IQ

*p < 0.05; **p < 0.01
aData are expressed as the mean (SD) or mean difference (95% confidence interval)
b Adjusted for birth weight, gender of child, maternal education level, paternal education level, and maternal variables (including OHSS, PCOS, ICP,
GDM, and PE)
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IQ of the children negatively correlated with maternal serum
estradiol level. These results suggest that exposure to a high
estradiol environment during early embryonic development
may negatively associate with verbal ability development.

Abnormalities in the prenatal environment can increase the
risk of chronic diseases in later life, including diabetes, car-
diovascular diseases, and endocrine dysfunction [12, 26, 27].
The theory that the root of adult diseases can lie in early fetal
life events was termed the “Barker Hypothesis” in 1995 [28],
and increasing evidence supporting this hypothesis has been
reported in the intervening years [29–31]. Moreover, many
reports have described how pregnancy events may influence
the brain development of offspring. Obstetric complications,
such as GDM [32, 33] and PE [34], can correlate with im-
paired cognitive abilities and psychiatric disorders in off-
spring. Prenatal exposure to excess hormones can cause ab-
normal developmental of the brain in offspring. We previous-
ly reported that the ART complication of OHSS has adverse
effects on the IQ of children who also experienced prenatal
exposure to high estradiol [16]. In addition, animal models
have shown that exposure to excess glucocorticoids during
fetal development results in increased anxiety and
depression-like behavior [35, 36]; in humans, exposure can
alter the function of the hypothalamic-pituitary-adrenal axis
[37]. Prenatal exposure to higher levels of hormones of the
steroidogenic pathway, including the androgens testosterone
and androstenedione, can modify brain development of chil-
dren and mediate a higher risk of autism spectrum disorder
[38].Moreover, children of womenwith PCOS appear to have
a higher risk of developing autism spectrum disorder, which is
associated with exposure to excessive maternal androgens
[39]. In the current study, we accounted for these maternal
variables to adjust for their effect on the IQ scores of children,
as well as other confounders including birth weight [40, 41],
paternal education level, and gender of children.

Few studies have associated brain development and be-
havioral consequences with exposure to high estradiol.
Disruption of estrogen signaling in the developing cerebellum
of mice reduces Purkinje cell growth in both males and fe-
males and reduces social behavior in male mice [42].

Recently, researchers found that elevated levels of estrogen
(estradiol, estriol, estrone) in amniotic fluid contribute to au-
tism in children, with estradiol levels being the most signifi-
cant predictor of autism likelihood in univariate logistic re-
gression models [43]. Autism spectrum disorder refers to a
neurodevelopmental condition associated with abnormal ver-
bal development, social interactions, and behavioral compli-
cations. In our study, verbal ability in the high prenatal estra-
diol group was significantly lower than that in the low group.
To our knowledge, this is the first reported association of an
estrogen with decreased verbal ability in ART children. This
result supports the need for further studies on behavioral dis-
orders in ART children who experienced high maternal estra-
diol, with the use of appropriate scales such as the Childhood
Autism Rating Scale [44].

There are several limitations and considerations with re-
gard to the present study. First, the correlation between mater-
nal serum estradiol and amniotic fluid estradiol is not entirely
clear [45]. Second, apart from the education level of the par-
ents, other socioeconomic data (e.g., family income, city,
country) that may influence the IQ of children were not avail-
able in our study.Also, the evaluated childrenwere 4 to 7 years
old, and their intelligence levels were still in a stage of rapid
development. Finally, a long-term follow-up with more sam-
ples and an appropriate rating scale is necessary to validate our
findings. In conclusion, our data demonstrate that prenatal
exposure to excessive maternal serum estradiol in utero may
diminish the verbal ability of ART children. These findings
reveal a new field of study in ART long-term safety and pro-
vide an incentive to improve ART strategy to prevent exces-
sive estradiol exposure.
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Fig. 2 Correlation between maternal serum estradiol levels on hCG day
and offspring IQ scores (n = 204). A negative linear correlation between
maternal serum estradiol levels on hCG day and (a) Verbal IQ, (b)
Performance IQ, and (c) Full IQ is represented by the solid red line.

The red dotted lines indicate the 95% confidence intervals. The partial
correlation analysis was adjusted for sex of the children, parental
education level, and maternal variables (PCOS, OHSS, GDM, PE, and
ICP). E2, estradiol
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