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Sex-typical behavior in children born preterm at very

low birth weight

Annamarja Lamminmaki', Tanja Kuiri-Hanninen? and Ulla Sankilampi?

BACKGROUND: Perinatal events may alter psychosexual development. We aimed to assess whether a preterm birth at very low
birth weight (VLBW; <1500 g) or antenatal synthetic glucocorticoids (sGC) given to the mother are associated with altered sex-
typical behavior in childhood.

METHODS: Sex-typical behavior was assessed using the Pre-school Activities Inventory (PSAI) at the mean age of 4.9 years (SD 1.6)
in 879 children, of whom 143 were preterm with VLBW (PT <1500 g, all exposed to sGC), 282 were preterm with birth weight
>1500g (PT 215009, 171 exposed to sGC), and 454 were full term (FT, 166 exposed to sGC).

RESULTS: Antenatal sGC was not associated with PSAIl scores in either sex. PT <1500 g boys had less male-typical PSAI scores than
other boys, even in multivariate model adjusting for age, maternal age, antenatal sGC, number of brothers and sisters, and motor or
cognitive impairment. PT <1500 g girls had less female-typical PSAIl scores than other girls in the multivariate model. The effect size
was small (d =0.03) for both sexes.

CONCLUSIONS: Preterm birth with VLBW is associated with reduced sex-typical behavior in childhood, which is in line with the
previous data indicating altered psychosexual development in adults born preterm. Mechanisms underlying these observations are

not fully understood.

Pediatric Research (2021) 89:1765-1770; https://doi.org/10.1038/s41390-020-01133-7

IMPACT:

® Preterm birth is associated with reduced rates of marriage and reproduction in adulthood, but sex-typical behavior in children

born preterm has not been studied before.

® The results of this study indicate that preterm birth with very low birth weight <1500 g is associated with reduced sex-typical

behavior in childhood in both sexes.

® These observations are in line with the previous data indicating altered psychosexual development in adults born preterm.
Mechanisms underlying these observations are not fully understood and require further studies.

INTRODUCTION
Reduced rates of marriage and reproduction have been reported
among adults born preterm, even in the absence of major
disabilities." In several studies, preterm-born young adults have
reported having challenges in their social relationships: they
consider themselves less attractive, have less confidence in
romantic relationships, are less likely to cohabit with a romantic
partner, and are less sexually active than their full-term (FT) born
peers.”™ Most of these studies were performed on adults born
before 32 weeks of gestation or with very low birth weight (VLBW;
<1500 g), but similar findings have been reported in adults born
with birth weight =1500 g and gestational age between 32 and
36 weeks.2 Moreover, in a recent study, a higher proportion of
preterm-born young adults with extremely low birth weight
(ELBW; <1000 g) identified themselves as nonheterosexual.® These
findings could indicate that prematurity or ELBW/VLBW is
associated with altered psychosexual development.

Sexual orientation and core gender identity are among the
human traits that have the highest sexual dimorphism, although

smaller-scale differences between the sexes can be seen in many
behavioral aspects.” Some of these differences in sex-typical
behavior, like toy and activity preferences, are already evident in
early childhood.? Preterm birth disrupts the normal intrauterine
hormone milieu, and furthermore, most preterm infants are also
exposed antenatally to synthetic glucocorticoids (sGC), given to
the mother at the threat of premature labor. In animal studies,
antenatal exposure to sGC has been associated with alterations in
reproductive functions and sexual behavior.”™'? If prematurity
and/or ELBW/VLBW is associated with a major alteration in
psychosexual development, it can be hypothesized that these
children already present differences in sex-typical behavior in
childhood. However, to our knowledge, sex-typical behavior in
children born preterm or at ELBW/VLBW has not been studied as
of yet.

We hypothesized that children born preterm at VLBW show
altered sex-typical behavior in childhood and that antenatal
exposure to sGC also modulates sex-typical behavior in humans.
This study tested these hypotheses by measuring sex-typical
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behavior in a large cohort of preterm and FT children, both with
and without antenatal exposure to sGC.

METHODS

The present cohort study was conducted among preterm
(gestational age at birth <37 weeks) and FT children (gestational
age at birth =37 weeks). The children were born during a 6-year
period from 2003 to 2008 in Kuopio University Hospital, Finland
and aged from 1.5 to 8 years at assessment. To identify eligible
children, a hospital-based electronic birth record was used that
includes data on the mother, pregnancy, exposure to antenatal
sGC, and the newborn.

First, we aimed at recruiting all children who were exposed to
antenatal sGC within three cohorts: children born preterm with
VLBW at <1500 g (later PT <1500 g), children born preterm at birth
weight >1500 g (later PT =1500 g), and children born FT at birth
weight =1500 g (later FT). Second, we aimed at recruiting one or
two randomly selected controls for each sGC-exposed child. The
controls were not exposed to sGC, and they were matched for sex,
gestational age (+/—6 days), and date of birth (+/—3 days).

The coverage of antenatal sGC had been virtually 100% at
preterm birth before 35 gestation weeks; therefore, all PT <1500 g
children (n = 263) were exposed to sGC, and no controls could be
found for this group. Furthermore, 281 PT >1500 g children had
been exposed to sGC, and for them, only 223 non-exposed
matched controls could be identified. Additionally, there were 270
FT children who were exposed to sGC but then born FT, and 532
matched controls were identified for them. The living status and
current address of all the 1569 eligible children were retrieved
from the Finnish Population Registry Center; altogether 1500
children were alive and living with the biological parents.

The Pre-school Activities Inventory (PSAI) is a 24-item standar-
dized questionnaire designed to discriminate gender-typical
behavior within and between the sexes.'® The questions address
three aspects of behavior: play with sex-typical toys (e.g., dolls,
cars), engagement in sex-typical activities (e.g., ballgames, playing
at cooking/cleaning), and sex-typical child characteristics (e.g.,
interest in snakes/spiders/insects, liking pretty things). Answers
are given on a 5-point Likert-type scale from never to very often.
Scores are combined so that a higher score indicates more male-
typical/less female-typical behavior, with a theoretical scale of the
score from —4.55 to 101.05. The test was initially standardized on
>2000 children and validated against teacher’s ratings, and it has
been used in various studies to assess the sex-typical behavior of
mainly pre-school-aged children.'*'*

A letter was mailed to parents that included a Finnish
translation of the PSAI questionnaire and a questionnaire on
basic demographic data. Both parents signed the informed
consent. Among those who responded, data on motor or
cognitive impairment were obtained from the hospital database
(ICD10 codes for cerebral palsy, G80-G83, and for intellectual
disability, F70-F79). The Ethics committee of the Northern-Savo
Health Care District approved the study (decision number 47//
2010).

Independent-samples t tests were used to examine differences
in continuous variables between the groups; and chi-square tests
were used to examine the proportions of single, twin, and triplet
pregnancies between groups. Effect size d was calculated by
dividing the difference of means by the pooled standard
deviation. Because of the large numbers of twins and triplets in
the study, linear mixed models were used as multivariate models
assessing the association of different variables with the PSAI score.
In these models, subject and twins and triplets were considered
random effects, allowing for potential clustering effects. In
addition, the following covariates were included in all the models
as fixed effects: age, exposure to antenatal glucocorticoid, number
of brothers, number of sisters, motor or cognitive impairment, and

SPRINGERNATURE

maternal age at delivery. The corrected age (i.e, the child’s
chronological age minus the months the child was born preterm)
was used for PT children up to the corrected age of 2 years. A
separate analysis was performed to describe the PSAIl scores
among the ELBW (<1000 g) children.

Furthermore, we performed a separate age-adjusted linear
mixed model to test the effect of birth weight as a continuous
variable on the PSAI score combining all groups of boys and all
groups of girls.

SPSS software (version 25.0; SPSS Inc.) was used for all statistical
analyses.

RESULTS

A total of 931 responses were received out of the 1500 postal
requests for PSAls, giving a response rate of 62.1% (68.1% in the
PT <1500 g group; 57.6% in the PT =1500 g group; 56.8% in the FT
group; p=0.03; Fig. 1). The PSAI could not be scored in 52
children because of one or more missing responses. Thus, PSAI
scores were available for 449 boys and 430 girls.

In total, 480 (54.7%) subjects were exposed to antenatal sGC,
including all the children in the PT <1500 g group. Among the PT
>1500g girls and boys, those exposed to sGC were born at a
significantly lower gestational age and weight than the non-
exposed subjects (Tables 1 and 2). Among the PT >=1500g girls
and boys, there were more twins or triplets in the sGC group.
Among the PT 21500 g girls, those not exposed to sGC were older
at PSAI assessment than those exposed (5.4 vs 4.9 years). Among
the FT girls and boys, there were no differences in background
factors between those exposed and those not exposed to sGC
(Tables 1 and 2). Ten children (five boys in the PT <1500 g group,
two boys in the PT >1500 g group, and one girl in the PT <1500 g,
PT =1500 g, and FT groups) had been diagnosed with motor or a
mild cognitive impairment.

The mean PSAI score was 68.2 (SD 10.3) among all the boys and
284 (SD 10.9) among all the girls (p<0.001). The PSAI score
became more female-typical in girls and more male-typical in boys
as their age increased (Fig. 2). The effect of age at assessment was
statistically significant for boys but not for girls in the multivariate
model (parameter estimate 8= 1.8, p < 0.001 for boys; § = —0.48,
p =0.16 for girls; Table 3).

The effect of antenatal sGC on PSAI scores was assessed only in
PT 21500 g and FT children, as all children born PT <1500 g were
exposed to antenatal sGC. In the PT =1500g and FT boys with
antenatal sGC (n = 171), the mean PSAI score was 68.5 (SD 10.6),
compared to 68.6 (SD 9.9) in boys without exposure to antenatal
sGC (n=213; p=10.90, t test). In the PT =1500 g and FT girls, the
mean PSAI score was 27.5 (SD 11.3) in the sGC group (n = 166)
and 28.2 (SD 10.0) in the unexposed group (n = 186; p = 0.58). No
effect of antenatal sGC was observed in the multivariate linear
mixed model (8=0.3, 95% confidence interval (Cl), —1.7 to 2.3,
p =0.75 for boys; =1.3, 95% Cl, —1.1 to 3.6, p=10.29 for girls;
Table 3).

Since exposure to antenatal sGC seemed not to modulate PSAI
scores, at least in PT =1500 g and FT children, the univariate t tests
between the PT <1500g, PT =1500g, and FT groups were
performed after combining the results of children exposed and
not exposed to sGC (separately for boys and girls) The PT <1500 g
boys showed significantly less male-typical behavior than other
boys (Fig. 3). The difference between PSAI in PT <1500g boys
(65.7) and other boys (PSAI 68.6) was small (effect size d = 0.3) but
statistically significant (p = 0.04, t test). This less-masculine PSAIl in
PT <1500 g boys remained significant in the multivariate model,
adjusting for age, maternal age at delivery, exposure to antenatal
sGC, motor or cognitive impairment, and number of brothers and
number of sisters (3= -3.0, 95% Cl, —5.8 to —0.2; p=0.04;
Table 3). Among the boys born preterm at <1000 g (n = 23), the
mean PSAI score was 65.6 (SD 9.9).

Pediatric Research (2021) 89:1765-1770
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Assessment for eligibility (n =1569)

* sGC (n=263)
* No sGC (n=0)

Children born PT, <1500 g (n = 263)

* sGC (n=281)

Children born PT, >1500 g (n = 504)

* No sGC (n=223)

Children born FT (n = 802)
* sGC (n=270)
* No sGC (n=532)

Recruited (n =210)
* sGC (n=210)
* No sGC (n=0)

Exluded (n = 53)
* Dead (n=51)
* Moved abroad or not
living with parents (n = 2)

Exluded (n = 14)
* Dead (n=13)
* Moved abroad or not
living with parents (n=1)

* sGC (n=273)

Recruitment by postal inquiry (n =1500)

Recruited (n = 490)

* No sGC (n=217)

Recruited (n = 800)
* sGC (n=268)
* No sGC (n=532)

Exluded (n=2)

¢ Dead (n=1)

* Moved abroad or not
living with parents (n=1)

Exluded (n = 67)
* Not responded (n = 62)
* PSAl incomplete (n = 5)

Exluded (n = 208)
* Not responded (n = 194)
* PSAl incomplete (n=14)

Exluded (n = 346)
* Not responded (n = 313)
* PSAl incomplete (n = 33)

Analysis (n =879)

Analyzed (n = 143)
* sGC (n =143, 45.5% boys)
* No sGC (n=0)

Analyzed (n = 282)

¢ sGC (n=171, 51.5% boys)
* No sGC (n= 111, 58.6% boys)

Analyzed (n = 454)
* sGC (n =166, 50.0% boys)
* No sGC (n =288, 51.3% boys)

Fig. 1

Flow diagram of the study population: assessment for eligibility, recruitment by postal inquiry and analysis.

Maternal age at delivery (years)
Gestation weeks at birth

Birth weight (g)

Motor or cognitive impairment
Age at PSAIl assessment (years)

304 (18.9-39.7) —
29.0 (23.4-343) —
1099 (530-1490) —
1(1.3) —
47 (1.7-7.7) —

30.3 (17.2-41.1)
33.6 (28.6-36.7)
2065 (1510-4100)
1(1.2)

4.9 (1.9-8.0)

30.1 (18.1-41.7)
35.5** 33.4-36.9)
2581** (1815-4410)

5.4* (2.0-7.7)

29.4 (20.7-43.1)
39.3 (37.0-42.0)
3364 (2170-4440)
1(1.2)

5.0 (1.9-8.1)

Table 1. Characteristics of the girls (n = 430) according to the exposure to antenatal synthetic glucocorticoid (sGC).
Characteristic Preterm girls at birth weight Preterm girls at birth weight 215009  Full-term girls
<1500 g
sGC (n=178) No sGC (n=0) sGC (n=383) No sGC (n = 46) sGC (n=83) No sGC (n = 140)
Pregnancy
Singleton 35 (44.9) — 46 (55.4) 37 (80.4)* 80 (96.4) 135 (96.4)
Twin 29 (37.2) — 33 (39.8) 9 (19.6) 3 (3.6) 5 (3.6)
Triplet 14 (17.9) — 4 (4.8) — — —

30.0 (18.4-43.1)
39.4 (37.0-42.3)
3336 (2360-4160)

5.0 (1.9-7.9)

PSAI Pre-school Activities Inventory.
*p <0.05; **p < 0.001.

Data are presented as n (%) or mean (range).

Like the PT <15009g boys, the PT <15009g girls displayed a
tendency toward reduced sex-typical behavior, showing less
female-typical PSAI scores than the other girls with a mean PSAI
score of 30.8 (SD 12.0; Fig. 3). Compared to the other girls
(PT =1500 g and FT girls combined, PSAI 27.9), the difference was
again small (effect size d = 0.3) but significant (p = 0.03, t test). In
the multivariate linear mixed model for girls, the parameter

Pediatric Research (2021) 89:1765 —
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estimate associated with the PT <1500 g birth was 3.5 (95% Cl,
0.5-6.5; p =0.02; Table 3). This observation was primarily due to
the high mean PSAI score of 35.0 (SD 12.5) among girls born
preterm at birth weight <1000 g (n = 28).

In the multivariate linear mixed models that included all boys,
other significant factors associated with PSAI scores were the
child’s age at evaluation and the maternal age at delivery; the PSAI
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Table 2. Characteristics of the boys (n = 449) according to the exposure to antenatal synthetic glucocorticoid (sGC).
Characteristic Preterm boys at birth weight Preterm boys at birth weight 21500g  Fullterm boys
<15009
sGC (n=65) No sGC (h=0) sGC (nh=88) No sGC (n = 65) sGC (n=83) No sGC (n = 148)
Pregnancy
Singleton 39 (60.0) — 56 (63.6) 60 (92.3)* 78 (94.0) 140 (94.6)
Twin 25 (38.5) — 28 (31.8) 5(7.7) 5 (6.0) 8 (5.4)
Triplet 1(1.5) — 4 (4.5) — — —
Maternal age at delivery (years) 31.0 (21.4-44.5) — 30.7 (20.7-42.3)  29.8 (18.0-41.7) 28.8 (19.7-414)  29.3 (18.6-42.3)
Gestation weeks at birth 28.7 (22.7-334) — 33.3 (29.1-36.9) 35.2* (29.9-36.9) 39.1 (37.0-41.7) 39.3 (37.0-42.3)
Birth weight (g) 1105 (460-1490) — 2139 (1500-3370) 2688* (1610-3970) 3460 (2050-4720) 3500 (2130-5360)
Motor or cognitive impairment 5 (7.7) — 1(1.1) 1(1.5) — —
Age at PSAIl assessment (years) 4.6 (1.7-7.8) — 4.9 (1.9-8.0) 5.0 (1.9-7.5) 5.0 (1.9-7.9) 4.8 (1.9-7.8)
Data are presented as n (%) or mean (range).
PSAI Pre-school Activities Inventory.
*p <0.001.
100 4 —— Boys To our knowledge, this is the first study to demonstrate reduced
i sex-typical behavior in children born PT at VLBW. Birth weight and
gestational age both reflect developmental immaturity, and VLBW

80 - children can be seen as a special, well-documented group of the
most immature newborns. However, birth weight and gestational
age correlate strongly, and their effects are difficult to distinguish

® 60 A ".'\“i-," ** from each other, as most VLBW children are also very preterm.
3 o I e e, e Birth weight per se i i iable th tational
s iy P . ght per se is a more precise variable than gestationa
. - o o length, and due to the retrospective nature of the study, we chose
2 40 - “ih ¥, to use birth weight in the analysis. In our study, it is not possible to
Y N say which aspect of immaturity is more associated with the noted

effects.

20 Almost all very preterm infants are also exposed to antenatal sGC,
representing one more variable whose effect is hard to distinguish
from other aspects of prematurity. We tried to overcome this by also

0 ; ; . . including a large number of infants who were exposed to sGC at the

0 2 4 6 8 threat of prematurity but whose gestation then continued close to

Age (years) or completely to a FT delivery. The benefits of sGC are indisputable

. - . o in preterm infants; however, many newborns are also exposed to
Fig. 2 Individual PSAI scores in boys and girls indicating more sex-

typical behavior by age.

score became more male-typical with increasing age and with
increased maternal age (Table 3). In the multivariate model for
girls, none of the other factors was significantly associated with
the PSAI score.

In a separate analysis, we also tested the effect of birth weight
as a continuous variable on the PSAI score across all groups. In this
age-adjusted linear mixed model that included all the children in
the study, birth weight was significantly associated with more sex-
typical PSAI score both in boys (8 per 1000 g = 0.96, 95% Cl, 0.04
to 1.8; p=10.04) and in girls (8 per 1000g = —1.2, 95% Cl, —2.3 to
—0.84; p=0.04).

DISCUSSION

In this cohort study of 879 children aged 1.7-8.1 years, prematurity
with VLBW <1500 g was associated with less-masculine PSAI scores
in boys and with less-feminine PSAI scores in girls. In girls, this
tendency was most prominent in children born preterm at birth
weight <1000 g. In both sexes, the association of VLBW and reduced
sex-typical behavior was small but remained significant after
adjusting for multiple potential confounding factors. Exposure to
antenatal sGC was not associated with altered sex-typical behavior
in either sex.

SPRINGERNATURE

sGC "“in vain” (assessed in hindsight), due to imminent prematurity
followed by birth at term.

In theory, sGC can have long-term effects of sex-typical behavior,
as demonstrated by various animal studies”'® In humans,
dexamethasone treatment started at gestational weeks 6-7 has
been associated with reduced male-typical behavior in school-aged
boys, when it was used to prevent virilization of female fetuses at
risk of congenital adrenal hyperplasia before the sex of the fetus was
known.'® On the other hand, gender development, sexual orienta-
tion, and sex-specific cognitive functioning were similar in
individuals aged 20-22 years who were either exposed to antenatal
sGC between 26 and 32 gestation weeks or not exposed.'” In our
study, the exposure to antenatal betamethasone (intramuscular
dose of 12 mg twice for the pregnant mother) between 23 and 34
gestation weeks was not associated with alterations in sex-typical
behavior. Thus, although sGC in early pregnancy can have a
de-masculinizing effect on male fetuses,'® our data, like those of
Dessens et al.,'” suggest that antenatal sGC at threat of prematurity
after mid-gestation are not likely to have a major effect on
neurobehavioral sexual differentiation. The timing of the exposure
might play a significant role as there is a masculinization
programming window established in rats and assumed in humans
between 8 and 14 weeks of gestation.'® During this window,
androgens program the male reproductive tract, and theoretically,
exposure to antenatal sGC could disrupt this process, whereas
exposure later in gestation might not be as harmful.

Pediatric Research (2021) 89:1765-1770
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Table 3.

Inventory in childhood.

Parameter estimates (8) with 95% confidence intervals (Cls) and p values (p) from the multivariate linear mixed model assessing the role of
prematurity with birth weight <1500 g and exposure to antenatal sGC in modulating sex-typical behavior measured by the Pre-school Activities

Covariate Boys (n =449) Girls (n =430)
B (95% CI) p B (95% CI) p
Age at PSAI assessment 1.8 (1.2 to 24) <0.001 —-05(-1.2t00.2) 0.15
Exposure to sGC 0.3 (—1.7 to 2.3) 0.75 1.3 (—1.1 to 3.6) 0.29
PT <15009 —3.0 (-5.8 to —0.2) 0.04 3.5 (0.5 to 6.5) 0.02
Motor or cognitive impairment —5.7 (-13.2 to 1.8) 0.14 —5.6 (—18.1 to 7.0) 0.39
Mother’s age at delivery 0.2 (0.03 to 0.4) 0.02 —0.2 (—0.4 to 0.03) 0.09
Number of brothers 0.7 (-0.3 to 1.7) 0.15 —0.3 (—1.6 to 0.9) 0.59
Number of sisters —0.3 (—1.4 to 0.8) 0.58 —1.2 (—2.5 to 0.1) 0.06
Twin or triplet —1.6 (—43to0 1.2) 0.26 —2.4 (—=5.5t0 0.6) 0.12
PSAI Pre-school Activities Inventory, PT <1500 g preterm with very low birth weight <1500 g, sGC synthetic glucocorticoid.
100 - play a role in the sexual differentiation of the human brain,>*3° and
now increasing evidence shows that testosterone in the early
Y Y postnatal period may have effects as well.>'33 Clear differences can
80 1 X T+ be seen in the perinatal hormonal milieu between premature
| (including VLBW) and FT infants. Premature infants’ exposure to
maternal and placental steroids is shorter, and hormonal changes
_ %07 1 4 - u Boys associated with birth take place at an earlier developmental age
= 'T,_I_| o Girls than in FT infants. For example, after birth there is a transient
& 40 | T p=o s elevation in testosterone levels resulting from a transient
T T pituitary-gonadal activation, known as minipuberty. In preterm
4 infants, this minipuberty takes place at an earlier developmental
20 4 1 age and is more vigorous, manifesting as higher testosterone levels
b in preterm boys compared to FT boys.>* However, these elevated
testosterone levels should theoretically lead to a more masculinized
0 . . v behavior in preterm boys, and thus at least the magnitude of the
PT<1500g PT>1500g FT testosterone surge in infancy does not explain our findings.

Fig. 3 Mean PSAI scores (with +/—1 SD) in boys and girls born PT
<1500g, PT 21500 g, and FT indicating less sex-typical behavior in
boys and girls born PT <1500 g.

The reproductive rate and the marriage rate in both men and
women born preterm is lower than in the general population.'®?'
Adults born at VLBW are also reported to have lower sexual
activity in some>?? though not all studies.”® Low birth weight has
been also associated with homosexual tendencies in men,
although in one study this was evident only if the subject had
older brothers.?* The possible mechanisms for higher gender-
atypical behavior in VLBW subjects remain unclear; however, it is
known that VLBW children differ from the general population in
many ways. VLBW infants, particularly those with ELBW, have high
somatic morbidity and higher rates of behavioral and neurode-
velopmental problems as compared to the general popula-
tion.>'%?> These could in theory lead to lower rates of
reproduction, but it is hard to see that this could explain the
differences in the sex-typical play behavior. There are also known
differences in the personality traits among VLBW children,
including higher conscientiousness and lower openness to
experience.®® In addition, parents of VLBW children®” and preterm
children? are shown to be more controlling. Again, these factors
could in theory associate with decreased sexual activity, but a link
to altered sex-typical play behavior is not so evident. Furthermore,
it must be emphasized that it is currently not known how the sex-
typical play behavior translates to the psychosexual aspects in
adulthood.

The hormonal factors of perinatal programming might exert
long-lasting effects on reproduction as well as on psychosexual
development in VLBW children. Prenatal testosterone is known to

Pediatric Research (2021) 89:1765-1770

Prenatal stress offers one explanation for our results, at least in
girls. In rodents, prenatal stress increases masculine-typical
behavior in females®® and female-typical behavior in males.*® In
human studies, this kind of association has been noted in girls but
not significantly in boys.?”® This effect is believed to be mediated
by adrenal androgens’ It is known that androgen levels are
significantly higher in preterm girls than in FT girls during the first
months of life.*

In our study, our group of VLBW infants contained many twins
and triplets. One possible confounding factor that we could not
account for is the sex of the co-twin/co-triplets. However, single/
multiple pregnancy per se was not related to PSAI score in the
multivariate model.

One limitation of our study is the assessment of sex-typed
behavior using a single questionnaire in our study population with
a wide age range. However, it has been previously shown that
PSAIl is a valid instrument in measuring sex-typed behavior in
children. In those longitudinal studies, stability of the PSAI test
results repeated in individuals at different ages has been high.'**°
Also, PSAI discriminated the sexes the better the older the child
was, as in our study there was only minor overlap in the
distributions of PSAI scores between boys and girls. To tackle the
wide age range of the individuals, the age at assessment was used
as a fixed factor in the linear mixed models. Another limitation is
the rather low response rate of 62.1%, though this corresponds
well to the median response rate of 60% in published mail surveys
in medical journals.*' This could lead to bias in the results,
however. The response rate was significantly higher in the VLBW
group than in the other groups, possibly reflecting a better
adherence to health care in this group of children and their
families. It is probable that children and families without motor or
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cognitive impairment were more willing to participate than those
with long-term impairment, because the rate of impairment in the
final population was low.

In conclusion, our study indicates that prematurity with VLBW is
associated with reduced sex-typical behavior in childhood in both
sexes. Further studies are needed to verify these findings and to
further examine the mechanisms underlying them.
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