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Abstract

Background: Most studies have failed to identify significant sex differences in movement (or activity) during fetal development.
However, the sample sizes and lengths of time fetuses were monitored in these studies have been limited.
Aim and methods: Using the recollections provided by a sample of 6,546 mothers, this study examines variations in fetal
activity levels for every month of pregnancy. Evidence was also sought that fetal activity might beassociated with hyperactivity/
hyperkinesis following birth.
Results: By the fourth month of pregnancy, mothers reported that males were significantly more active in the womb than females.
Also, fetal activity was positively correlated with hyperactivity following birth, especially for males.
Conclusion: Despite numerous prior studies derived from small samples failing to reveal significant sex differences in fetal activity,
the present study demonstrates that males are about 10% more active than females during the latter two-thirds of pregnancy and
are even more so following birth. Furthermore, even within each gender, fetal activity predicted hyperactivity in childhood, thus
indicating that there must be a common biological root for variations in activity levels.
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Introduction

Nearly all research has concluded that boys are more physically
active than girls [1,2]. Furthermore, male children are more likely
than female children to be diagnosed hyperactive or ADHD [3].
What causes greater activity among males continue to be
debated. Many social and behavioral scientists favor sociocultural learning explanations [4-7] while others have proposed
that biological factors are of paramount importance [1,8-11].
Relevant to the debate is the possibility that males are more
active even in utero. This is because sex differences prior to
birth would preclude the possibility that social learning is
responsible for the differences.
Several studies have reported on sex differences in fetal
activity. While two of these studies reported that male fetuses
were more active than female fetuses [12,13], the majority
have indicated that the differences are non-significant [14-17].
It is important to note that all of these studies were based on
samples of less than one hundred pregnant women and that
the time during which each woman was monitored with ultra
sound were typically less than two hours. The limited sample
sizes and time frames covered by these studies could obviously
explain why most studies have reported no significant gender
difference when in fact at least a small difference exists.
The present study was undertaken to help settle the issue
of sex differences in fetal movement by examining evidence
from a large sample. We were also interested in determining
if fetal movement might predict hyperactivity in childhood. In

both cases, we assumed the null hypothesis.

Methods
Sample

Over 11,000 students at twenty United States universities and
two Canadian universities were asked to invite their mothers to
complete a questionnaire about their pregnancy history with
the students. Students who were adopted or whose mothers
were no longer living were exempted from the request. This
resulted in 6,546 mothers volunteering to complete a lengthy
(ten-page) questionnaire.
The average age of the mothers completing a questionnaire
was 47.98 (SD=7.61), and their average years of education was
13.7 years (SD=2.45). Ethnically, 95.2% of the mothers were
non-Hispanic white, 1.2% were black, 1.3% were Hispanic, 1.3%
were Native American, while 1.0% were not disclosed.

Variable measurement

To measure fetal movement (herein called fetal activity), mothers
were asked to report the extent to which the offspring that
was the “focus of this study” (i.e., the college student through
which contact with the mother was made) was active during
each month of pregnancy. Mothers provided responses on a
month-by-month basis using a ten-point rating scale, with 0
meaning not at all to 9 meaning to an extreme degree. Elsewhere
on the questionnaire, mothers were asked to rate the offspring
in terms of exhibiting symptoms of hyperactivity/hyperkinesis,
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again using a ten-point scale ranging from 0 to 9.

The validity of the mother’s fetal activity estimates

The validity of mother’s reports of fetal activity is rather central
to the present study. Because fetal movement has been used
for decades to gage healthy fetal development and maternal
assessments in this regard are often used, considerable research
has compared maternal assessments with more objective
measures, such as ultrasound readings [18]. Even though
ultrasound movement detection has been shown to be much
more sensitive to minor movements than maternal reports,
they have been shown to correlate highly. One frequently
cited study obtained a 0.739 (p < 0.001) between the two [19].
According to a literature review, research based on ultrasound
and other objective measures “have concluded that mothers
reliably record fetal activity” [20]. Another author suggested
“that maternal perception of major fetal body movements is
accurate in the majority of cases” [21,22-24].
The other issue surrounding the validity of the data to be
presented has to do with how well mothers recall pregnancyrelated events such as fetal movement twenty-odd years after
the fact. We are aware of no research specifically pertaining to
fetal movement in this regard. However, studies comparing
medical records obtained during pregnancy with mothers’
recall years later have been reported. For a variety of traits,
maternal recall has proven to be quite accurate [25,26]. For
example, one study compared data collected during pregnancy
with the mothers’ recollections of having smoked while
pregnant 30+ years later. The correlation coefficient between
these two measures was 0.86 [27]. A similarly designed study
concluded that mothers exhibit “high stability and consistency
in retrospective recall of smoking” while pregnancy [28].
Other studies have compared officially recorded birth
weight and gestational age with mothers’ recollections several
years later. One study concluded that while accuracy declined
somewhat as years passed, “maternal recall of birthweight and
gestational age of previous children is sufficiently accurate
for clinical and even for epidemiological use” [29,30].
Overall, it would be preferable to collect ultrasound data
throughout pregnancy to determine fetal movement rather
than utilizing maternal recall some twenty years after the
fact. However, since no such data are known to exist for a
large sample of mothers, the present retrospective data are
herein reported.
Comparisons between males and females were made using
t-tests for independent samples. To determine whether or
not fetal activity and childhood hyperactivity were related,
Pearson correlation was employed.

Results

Sex differences in monthly reports of fetal movement along
with sex differences in childhood hyperactivity/hyperkinesis
are summarized in Table 1. As one can see, in the first three
months, no significant sex differences were reported by
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mothers in fetal activity. Also worth noting is that average
fetal activity levels even in the latter trimester were rated
fairly low by the mothers, i.e., always less than 3 on a 9-point
rating scale.
Table 1. Gender differences in fetal activity throughout pregnancy
and hyperactivity/hyperkinesis as a child.
Activities & Months
of Pregnancy
1st month

Gender (Mean & SEM)
t-score Significance
Male
Female
0.10 (0.016) 0.07 (0.010) 1.433 0.152

2nd month

0.13 (0.018) 0.10 (0.010) 1.516

0.130

3 month
4th month

0.40 (0.026) 0.35 (0.017) 1.589
1.09 (0.042) 0.97 (0.028) 2.412

0.112
0.016

5th month

1.71 (0.054) 1.59 (0.037) 1.952

0.051

6th month

2.22 (0.065) 2.08 (0.044) 1.846

0.065

7th month

2.66 (0.074) 2.45 (0.049) 2.289

0.022

8th month

2.91 (0.080) 2.66 (0.053) 2.568

0.010

9th month

2.84 (0.081) 2.56 (0.053) 2.877

0.004

Postnatal hyperactivity 0.17 (0.015) 0.07 (0.007) 5.672

0.000

rd

Table 1 shows that significant sex differences began to

appear on the fourth month, with males being more active
than females. These difference persist in being statistically
significant throughout the remainder of pregnancy except
for the sixth month when the difference was just shy of
significance. Therefore, we are obliged to reject the null
hypothesis and accept that males exhibit greater fetal activity,
at least during the second and third trimesters. To determine
if childhood hyperactivity is correlated with fetal activity,
maternal estimates of both were correlated for males and
females separately. The results appear in Table 2. There one
can see that childhood hyperactivity for males was positively
correlated with hyperactivity for every month of pregnancy.
In the case of females, significant correlations were also
found, except for the first three months and the ninth month
of pregnancy. Consequently, we must again reject the null
hypothesis and conclude that childhood hyperactivity is
associated with tendencies to be unusually active during
fetal development, especially for males.

Discussion

The present study has indicated that by the second trimester,
male fetuses begin to surpass female fetuses in activity levels
and that they continue doing so throughout the remainder
of pregnancy. This finding is consistent with two prior studies
[12,13] but contrary to most indicating no significant sex
differences in fetal activity [2,14-17]. Given that all of these
studies were based on samples of less than one hundred while
the present study was derived from a sample of more than
six and a half thousand, the inconsistency may be attributed
to the much greater statistical power in the present study.
Nevertheless, the long delay in maternal recollections in the
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could have actually been biased by knowledge of the
offspring’s sex. In other words, simply knowing that their child
was a boy rather than a girl, and that boys are supposed to
be more active, could have caused the mothers to bias their
Month of Pregnancy Gender Childhood
Hyperactivity/Hyperkinesis
estimates of fetal movement upward for boys. Such a possibility
Male
0.080****
1st month
deserves scrutiny by future studies. However, we are inclined
Female -0.015
to doubt such an occurrence for two reasons: First, one can
nd
Male
0.092****
2 month
see from Table 1 that the estimates of fetal movement were
Female 0.005
specific to the last two trimesters of pregnancy. If women were
Male
0.140****
3rd month
Female 0.017
providing biased estimates, there is little reason to believe
Male
0.112****
4th month
that they would have been limited to this time frame. Second,
Female 0.039**
even if such a bias occurred, one is still left with the finding
Male
0.099****
5th month
that within each sex of offspring, fetal activity was associated
Female 0.044***
with childhood hyperactivity.
th
Male
0.086****
6 month
As a final limitation, nearly all of the participants in this
Female 0.046***
study were English speaking citizens of North America.
Male
0.085***
7th month
Female 0.039**
Therefore, comparable studies in other parts of the world
Male
0.072***
8th month
should be undertaken.
Female 0.037*
We believe that the most likely explanation of this study’s
Male
0.064***
9th month
findings regarding both sex differences in physical activity
Female 0.023
before and after birth as well as within-sex associations
*p<0.05; **p<0.01; ***p<0.005; ****p<0.001
between prenatal and postpubertal activity levels have
biological underpinnings. Specifically, fetal brain exposure
present study may also be a factor.
to androgens appears to promote physical activity both in
Furthermore, boys greatly surpassed girls in terms of humans [32,38,39] and in rats [40]. By the second trimester
childhood hyperactivity (Table 1), a conclusion also reached by of gestation, male gonads have formed into functioning
nearly all previous research [3]. Perhaps the more important testes, thereby producing testosterone at higher levels than
finding from the present study was that prenatal activity levels female ovaries [41,42]. This prenatal exposure to testosterone
correlated with hyperactivity during childhood, especially permanently organizes the brain in ways that promote greater
for boys.
physical activity throughout life [43,44]. As a consequence,
Results from this study call strict social learning explanations males tend to be more active than females before birth as
of sex differences in activity levels into question and suggest well as afterward. Furthermore, due to considerable withininstead that biology plays a role in determining these diff- sex variations in brain exposure to testosterone while the
erences. Prominent among biological explanations offered in brain is being sexed perinatally, activity levels before birth
recent years are those hypothesizing that prenatal testosterone positively correlates with activity levels following birth even
and other androgens has life-long effects on many aspects of within each sex.
human behavior, including overall activity levels [9,11,31,32].
No scientific study settles controversies once and for
According to this perspective, when the brain is prenatally all. Nonetheless, if the present findings can be confirmed,
exposed to high levels of androgens (and their metabolites) they suggest that biological factors are making a significant
its functioning is permanently altered in ways that promote contribution to sex differences in activity levels.
a wide range of motor activities [33-35]. Besides offering an
explanation for sex differences in activity levels, this view Competing interests
conforms with evidence that young girls with congenital The authors declare that they have no competing interests.
adrenal hyperplasia (CAH), a condition associated with an Authors’ contributions
excess production of androgens, are unusually active compared
LE
PH
Authors’ contributions
to age-matched girls without CAH [9,11,33,36].
Research concept and design
✓
-Limitations of the present study include the fact that we
✓
✓
Collection and/or assembly of data
relied on retrospective accounts by mothers whose memories
✓
-Data analysis and interpretation
have faded after twenty-odd years, especially for mothers who
✓
-Writing
the
article
had given birth to several offspring. Nevertheless, verification
studies have indicated that mothers’ recollections of their
Critical revision of the article
✓
-pregnancy experiences tend to be highly reliable even
Final approval of article
✓
-decades later [27,37].
✓
✓
Statistical analysis
Another possibility is that a mother’s recall of fetal activity
Table 2. Correlations between activity levels during each month
of pregnancy and childhood hyperactivity/hyperkinesis for
males and females separately.
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