1duosnue Joyiny 1duosnuep Joyiny 1duosnuen Joyiny

1duasnuen Joyiny

Author manuscript
Horm Behav. Author manuscript; available in PMC 2015 May 27.

-, HHS Public Access
«

Published in final edited form as:
Horm Behav. 2015 March ; 69: 123-131. doi:10.1016/j.yhbeh.2015.01.007.

Academic performance of opposite-sex and same-sex twins in
adolescence: A Danish national cohort study

Linda Ahrenfeldt?, Inge Petersen?, Wendy JohnsonP®, and Kaare Christensen?©

Linda Ahrenfeldt: lahrenfeldt@health.sdu.dk; Inge Petersen: ipetersen@health.sdu.dk; Wendy Johnson:
wendy.johnson@ed.ac.uk; Kaare Christensen: kchristensen@health.sdu.dk

aThe Danish Twin Registry, Epidemiology, Biostatistics and Biodemography, The University of
Southern Denmark, 5000 Odense, Denmark

bDepartment of Psychology, The University of Edinburgh, Edinburgh, Scotland, UK

¢Department of Clinical Biochemistry and Pharmacology and Department of Clinical Genetics,
Odense University Hospital, 5000 Odense, Denmark

Abstract

Testosterone is an important hormone in the sexual differentiation of the brain, contributing to
differences in cognitive abilities between males and females. For instance, studies in clinical
populations such as females with congenital adrenal hyperplasia (CAH) who are exposed to high
levels of androgens in utero support arguments for prenatal testosterone effects on characteristics
such as visuospatial cognition and behaviour. The comparison of opposite-sex (OS) and same-sex
(SS) twin pairs can be used to help establish the role of prenatal testosterone. However, although
some twin studies confirm a masculinizing effect of a male co-twin regarding for instance
perception and cognition it remains unclear whether intra-uterine hormone transfer exists in
humans. Our aim was to test the potential influences of testosterone on academic performance in
OS twins. We compared ninth-grade test scores and teacher ratings of OS (n = 1812) and SS (n =
4054) twins as well as of twins and singletons (n = 13,900) in mathematics, physics/chemistry,
Danish, and English. We found that males had significantly higher test scores in mathematics than
females (.06-.15 SD), whereas females performed better in Danish (.33-.49 SD), English (.20
SD), and neatness (.45-.64 SD). However, we did not find that OS females performed better in
mathematics than SS and singleton females, nor did they perform worse either in Danish or
English. Scores for OS and SS males were similar in all topics. In conclusion, this study did not
provide evidence for a masculinization of female twins with male co-twins with regard to
academic performance in adolescence.
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Introduction

In human foetuses, large sex differences in testosterone levels exist from early in gestation,
and this hormone difference exerts permanent effects on brain development and behaviour
(Hines, 2010). The literature regarding sex differences in cognitive abilities is reasonably
consistent. Differences in quantitative abilities have received most attention because of the
large sex differences in choice of professional careers in natural science and mathematics
favouring males (Halpern et al., 2007). Males tend to outperform females on most measures
of visuospatial abilities (though distributions overlap considerably, as is the case for all sex
differences in cognitive abilities), which may contribute to the sex differences in test scores
in mathematics and natural science (Halpern et al., 2007). However, the magnitude of this
sex difference appears to increase with age (Bharadwaj et al., 2012; Hyde, 2005). It seems
that the male advantage tends to emerge as the mathematical concepts being taught require
more reasoning, more spatial abilities, and more complex problem-solving (Haworth et al.,
2010; Hyde et al., 1990), though recent changes in the patterns suggest that cultural
expectations also play a role (Lindberg et al., 2010). Conversely, sex-differences favouring
females in verbal abilities such as reading, writing, and language usage are well documented
in the literature (Halpern et al., 2007; Hedges and Nowell, 1995), and the superiority of
females in verbal abilities continues into adulthood (Strand et al., 2006). While school
achievement measures are not direct measures of abilities, they are generally strongly
correlated with them (Bartels et al., 2002; Naglieri and Bornstein, 2003).

Human studies of prenatal hormone effects were initially motivated by experimental studies
in animals. The study by Phoenix et al. (Phoenix et al., 1959) was the first to show that
prenatal exposure to steroid testosterone could alter brain structure and function and result in
behavioural differences (Phoenix, 2009). The study found that female guinea pigs that were
exposed to testosterone prenatally showed masculinized behaviour in adulthood. Since then,
several studies of non-human mammals have demonstrated effects of testosterone on
neurobehavioural sexual differentiation (Constantinescu and Hines, 2012). Evidence that
testosterone also influences human neurobehavioural development is to a great extent
derived from studies of individuals who develop in atypical hormone environments
(Constantinescu and Hines, 2012), and the best-studied clinical condition is congenital
adrenal hyperplasia (CAH) (Cohen-Bendahan et al., 2005). Females with CAH, who
produce high levels of adrenal androgens from early in gestation due to an autosomal
recessive disorder, show increased male-typical behaviour and decreased female-typical
behaviour despite postnatal hormone treatment (Hines, 2011). The most consistent findings
have emerged from studies of childhood play. These studies found that females with CAH
show increased male-typical and decreased female-typical toy, activity and playmate
preferences (Cohen-Bendahan et al., 2005; Hines, 2011). Additionally, androgens also
appear to affect cognition in females with CAH. A meta-analysis of nine samples (Puts et
al., 2008) found that CAH females show higher spatial performance than do control females.

OS twins have been suggested to provide another opportunity to test the effects of prenatal
testosterone exposure (Miller, 1994; Resnick et al., 1993), and higher testosterone in OS
females is inferred on the basis of animal studies in e.g. rats and mice which have
demonstrated that exposure to sex hormones is influenced by the intrauterine foetal position
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(Ryan and Vandenbergh, 2002). Male foetuses have greater concentrations of testosterone
than females, and females produce higher amounts of estradiol than males (vom Saal, 1989),
but any foetus (male or female) located between two male foetuses has a higher
concentration of testosterone than a female foetus located between two female foetuses
(Ryan and Vandenbergh, 2002; vom Saal, 1989). This phenomenon results in females
appearing masculinized in several anatomical, physiological and behavioural traits such as
aggressive behaviour and reproductive organs (Ryan and Vandenbergh, 2002). Likewise,
female foetuses that develop between other female foetuses show more feminized traits as
adults, for example earlier vaginal opening (Ryan and Vandenbergh, 2002). Thus,
intrauterine position and the possibility of steroid transfer of especially testosterone from
one foetus to another during foetal life have effects in animals (Ryan and Vandenbergh,
2002; vom Saal, 1989).

The twin testosterone transfer (TTT) hypothesis reflects the possibility that human sex
hormones is transferred between twins, most likely by diffusing across foetal membranes
(Even and vom Saal, 1992). However, there is no direct evidence that females with a male
co-twin have been exposed to sex-atypical hormone levels, and the literature on
masculinization in OS female twins is inconsistent (Tapp et al., 2011). Some twin studies
confirm the masculinizing effect of a male co-twin on females, for instance regarding
physiological traits such as tooth size (Dempsey et al., 1999; Ribeiro et al., 2013),
otoacoustic emissions (sounds produced by the inner ear) (McFadden, 1993), second-to-
fourth-finger-length ratio (van Anders et al., 2006), maternal fitness (Lummaa et al., 2007),
and leukocytes telomere length (Benetos et al., 2014), but other large studies have reported
negative findings (Gaist et al., 2000; Medland et al., 2008a; Medland et al., 2008b).
Moreover, several studies have failed to find behavioural differences between OS and SS
females including toy preferences (Henderson and Berenbaum, 1997; Rodgers et al., 1998),
eating disorders (Baker et al., 2009; Raevuori et al., 2008), social behaviour and friendship
in preschool children (Laffey-Ardley and Thorpe, 2006), and autistic symptomatology (Ho
et al., 2005). However, two studies have found greater sensation-seeking, including
experience-seeking, in OS females compared with SS females (Resnick et al., 1993; Slutske
etal., 2011). These latter findings suggest effects of hormone exposures on later behavioural
development, although psychosocial explanations cannot be excluded (Resnick et al., 1993).

More evidence exists for the effect of being an OS twin on cognitive and perceptual abilities
than for other sex-typed characteristics (Tapp et al., 2011). In agreement with earlier CAH
studies (Berenbaum et al., 2012; Puts et al., 2008), recent co-twin studies (Heil et al., 2011;
Tapp et al., 2011; Vuoksimaa et al., 2010) provide evidence for effects of prenatal
testosterone on cognitive abilities. According to two twin studies that included 200 and 471
study participants, respectively (Heil et al., 2011; Vuoksimaa et al., 2010), OS females were
found to have higher mental rotation (MRT) ability (the ability to imagine objects from a
perspective other than the one depicted) than SS and singleton females. One of the studies
(Heil et al., 2011) also demonstrated that OS females have higher mental rotation
performance than non-twin females raised with a slightly elder brother (born within 18
months) which helps exclude possible socialisation effects of growing up with a twin
brother.
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Most studies that have investigated co-twin effects in males, have failed to identify
differences between OS and SS male twins in the direction predicted by the TTT hypothesis
(Cohen-Bendahan et al., 2005; Tapp et al., 2011). However, animal studies (Ryan and
Vandenbergh, 2002; vom Saal, 1989) and limited evidence from human studies suggest that
excess testosterone in males might further masculinize traits such as disordered eating
(Culbert et al., 2008) and brain volume (Peper et al., 2009). Moreover, one study (Ho et al.,
2005) reported that sub-threshold autistic symptomatology rated by parents was higher in SS
than in OS male twins aged 7 to 15, which may support the TTT hypothesis.

Outcome used in the present study is ninth grade test scores and teacher assessment of
academic performance (outcomes which are of great importance for both the twins and their
parents). Academic achievement is different from abilities and potentially more likely to be
influenced by environmental/social factors (Bacete and Remirez, 2001). However, a high
correlation (.70 to .74 in average) between standardised achievement tests and 1Q had been
shown (Naglieri and Bornstein, 2003), and the correlation between 1Q and national
achievement tests, such as the test used here, have similar correlations among 12-year-old
school children (Bartels et al., 2002). Studies comparing the academic performance of OS
and SS twins are scarce. Only one recent study of 13,368 twins and 837,752 singletons born
during 1973-1981 in Sweden has investigated differences between OS and SS twins in
grade point average (Hjern et al., 2012). The study found that SS twins of both sexes had
slightly higher average scores in ninth grade than OS twins, and that they more often than
OS twins had attained a university degree by the age of 27-35. However, the differences in
grade point average were very small and non-significant, and the authors did not include
topic specific analyses and did not discuss possible reasons for their results.

The overall aim of this study was to test the potential influences of testosterone on academic
performance in OS twins. The reason for studying OS vs SS twins was to test behavioural
effects of prenatal hormone, and therefore the effects of co-twin sex should be tested on
measures that show sex differences such as academic performance in adolescence.
Additionally, the evidence on spatial abilities in females with CAH supports arguments for
prenatal testosterone effects on mathematical abilities (Halpern et al., 2007). This study
relies on a large sample size with the existence of control variables such as parental
education. Furthermore academic performance was analysed as topics, resulting in more
detailed investigation of possible sex differences and whether these differences are
transmitted to differences of OS and SS twins. Our primary objective was to compare
academic performance in mathematics, physics/chemistry, Danish and English for female
and male members of OS and SS twin pairs to test for an interaction between sex and OS/SS
status. Secondly, we examined whether the OS/SS twin groups differed in performance from
the general population. This was achieved by comparing the OS twins and the SS twins born
in Denmark during 1986-1990 for each sex, with a 5% random sample of singletons born in
Denmark during the same period and surviving until January 1, 2003.
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Material and methods

Material

We included information from four registers: the Danish Demographic Database, including
information on parental identities, deaths, migrations, and adoptions (Petersen, 2000); the
Integrated Database for Labour Market Research containing information on the highest
obtained parental education (Petersson et al., 2011); the register of Compulsory School
Completion Assessments and Test Scores compiled by the Danish Ministry of Education
(Education, 2000) and the Danish Twin Registry, which comprises more than 85,000 Danish
twin pairs born since 1870 (Skytthe et al., 2011), with all twins born after 1973 identified
through the Medical Birth Registry (Skytthe et al., 2002). Zygosity determination of same-
sex twin pairs was based on four standard questions about similarity of appearance, a
method with less than 5% misclassification (Christiansen et al., 2003), though responses to
these questions were missing for 27% of the SS twin pairs, who were classified as twins of
unknown zygosity (ssUZ). Linkage of registers was enabled due to the Danish Civil
Registration System where each citizen is assigned a personal identification number at birth
(Pedersen, 2011).

School achievements were available for the years 2002-2006 for the ninth-grade students
aged 15-16 at test, corresponding to the 1986-1990 birth cohorts. Most Danish students in
ninth grade completed standardised, nationwide tests of academic achievement in several
subject areas, scored on a scale of 0-13. Average performance was rated as 8, higher scores
indicating better performance (Christensen et al., 2006). Teacher ratings in ninth grade
supplemented the test scores, also scored on the 0-13 scale. These ratings were subjective
evaluations of the students’ overall academic performance during the academic year whereas
test scores reflected actual student performance rated by the teachers and/or external
examiners at specific times on specific tests (Petersen et al., 2009). The test scores and
teacher ratings covered major domains of academic achievement such as mathematics and
Danish, which were the main topics included in the present study. Oral and written
exercises, neatness, and Danish spelling were graded. In addition, physics/chemistry and
English oral exercise grades were recorded.

We distinguished between non-attainment and missing scores. Non-attainment refers to the
condition of not having attained any scores at all. Reasons for non-attainment were multiple
and included drop-out or attendance at a specialised school due to disabilities. Schools for
children with learning disabilities were not required to report test scores and teacher ratings
used for statistics to the Ministry of Education. In addition, some private schools such as
those following the Waldorf pedagogy as a principle did not test at all (Christensen et al.,
2006; Petersen et al., 2009). Test scores were considered missing when an individual had
attained some scores but not all. As the ninth grade exams were not mandatory between
1993 and 2006 in Denmark (Education, 1993; Lererforening, 2014), a small proportion of
students in public schools opted not to take some of the tests. Finally, there could be missing
teacher ratings due to failures in reporting to the Ministry of Education. For individuals with
missing scores, the available data were retained in analyses.

Horm Behav. Author manuscript; available in PMC 2015 May 27.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ahrenfeldt et al. Page 6

Participants

We used data from all twins whose co-twins had survived to the age of at least 17 to make
sure that virtually all of the twins in the present study had grown up together in Denmark as
members of intact twin pairs. Individuals who had lived abroad for more than two years
during the age range 6-14 as well as those who had emigrated but returned to Denmark after
age 14 were excluded from the analyses. Eighty-four twin individuals were excluded from
the outset because the co-twin was stillborn. In addition, 396 individuals were excluded due
to death before age 17, including 196 twins (45 twin pairs and 106 twin individuals); 106
twins were excluded due to death of the co-twin, and 508 individuals were excluded as they
had emigrated during the study period. One twin was excluded because the twin pair had
been separated by emigration. Thus, the study base consisted of 2941 female and 2926 male
twins as well as 6771 female and 7129 male singletons. All analyses of OS and SS twins as
well as of twins and singletons were conducted separately for each sex.

Statistical methods and confounders

In this study, both monozygotic (MZ) and dizygotic (DZ) twins were included in the SS
twin group. This was done because of the rather large proportion (approximately 27%) of
the sample being twins of unknown zygosity (ssUZ), which made it impossible to allocate
all the SS twins to a zygosity group. Supporting the inappropriateness of dropping the ssUZ
twins, a study consisting of 2,413 Danish twin pairs from birth cohorts 1986-1990 found
that ssUZ twins averaged lower school achievement scores than did twins of known zygosity
(Petersen et al., 2009). Because OS twins are always identifiable, these lower-achieving
twins would not be dropped from the OS group, as exclusion of the ssUZ twins from the SS
group would have biased the results towards better performance for the SS twins.
Considering MZ and DZ twins together should not bias group comparisons assuming that
the MZ and ssDZ twins did not differ on the outcome variables. To check the robustness of
the results we repeated all analyses excluding twins with known MZ status (results not
shown).

Analyses of differences in categorical baseline characteristics (mortality, emigration, death
of a co-twin and parental education) for OS and SS twins and for twins and singletons were
tested by chi-square tests. Parental educational attainments were coded as categorical
variables for the highest obtained education by December 31, 2002. By that date, the median
ages were 42.5 years for mothers and 45.1 years for fathers. The educational variables were
coded from 0 to 5, corresponding to the following categories: Basic school 8th—10th grades,
vocational school, secondary education, short higher education, medium higher education or
Bachelor’s degree, and higher academic or professional degree. Differences in continuous
background variables (birth weight and parental age) were investigated using t-tests. Effect
size differences for covariates (maternal and paternal age and education) for twins and
singletons with at least one test score were performed applying ordinary linear least-square
regression (OLS) to both the raw data and the data adjusted for the covariates maternal and
paternal age and education. Parental age and education were independently associated with
test scores (Supplementary Tables 1 and 2). Controlling them in our models did slightly
change the effect estimates. Thus, we present all results both with and without adjustments
for parental age and education.
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We considered birth weight an intermediate factor in the association between OS/SS twins
and academic performance. There is some indication that the birth weight of twins might be
influenced by the sex of their co-twin (Glinianaia et al., 1998; Luke et al., 2005), and we
found significantly higher birth weight for OS compared with SS twins for both sexes (Table
1). Moreover, previous studies have demonstrated a positive relationship between birth
weight and intelligence in later life (Matte et al., 2001; Richards et al., 2001; Sorensen et al.,
1997). The same trend has been observed in studies of school achievements among Danish
twins and singletons from the birth cohorts 1986-1990 (Christensen et al., 2006; Petersen et
al., 2009). In the present study we were interested in the overall effects on academic
performance of having a co-twin of the opposite sex compared with having a co-twin of the
same sex, and therefore adjustment for variables on the causal pathway were unwarranted
(Hernandez-Diaz et al., 2006). However, all analyses were repeated including birth weight
(results not shown), and the results were similar.

Logistic regression models were used to estimate odds ratios (OR) and 95% confidence
intervals (CI) for test score non-attainment. We did this separately for males and females:
OS and SS twins, and OS/SS twins and singletons, respectively. Analysis of differences in
test scores and teacher rating between females and males, OS and SS twins, and OS/SS
twins and singletons was done using OSL, with separate models for mathematics (oral,
written, and neatness), oral physics/chemistry, Danish (oral, written, spelling, and neatness)
and oral English. We used the standardised mean difference, d, to evaluate differences in
means. This was calculated as the difference between the mean scores controlling for
covariates divided by the within-sex standard deviation in the total study population in the
specific topic (i.e. d is the measure of mean difference in units of the SD). For gender, a
positive value of d implies that males scored higher, and a negative value implies that
females scored higher on average. For OS vs SS twins a positive value of d means that OS
scored higher on average, and for twins vs singletons, a positive value of d means that twins
scored higher on average.

Sex differences were investigated for the full sample consisting of both twins and singletons.
In addition, sex differences were investigated in the sample of all twins and repeated in the
sample of only SS twins. To account for the intra-pair correlations when estimating standard
errors, the cluster option in Stata (release 13) was used.

Table 1 presents the numbers of live births among twins and the 5% random sample of
singletons born in Denmark 1986-1990, along with birth weight, parental age and education
information. Mortality in the entire period (before age 17) was not significantly different
between OS and SS female twins: difference (in percentage) —1.08% (95% CI: -2.31to .
14%), but mortality was lower for OS than SS males: —1.59% (95% CI: —2.76 to —.42%).
Mortality before age 17 was significantly higher for twins than for singletons: difference
2.30% (95% ClI: 1.66 to 2.94%) for females and 1.82% (95% CI: 1.17 to 2.48%) for males.
There was a tendency towards higher proportions of OS twins compared with SS twins who
emigrated: difference .87% (95% CI: -.05 to 1.79%), but the proportions of twins and
singletons who emigrated were similar: .14% (95% CI: —.33 t0 .62%).
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Mothers of SS twins were significantly younger at childbirth than mothers of OS twins:
mean difference (in years) —.88y (95% ClI: —1.13 to —.62y). A similar pattern was observed
in fathers: —1.09y (95% CI: -1.41 to —-.77y). Mothers of singletons were significantly
younger than mothers of twins: mean difference —1.15y (95% CI: —-1.29 to —1.00y), as were
fathers of twins: —.99y (95% CI: —1.17 to —.81y). Mothers of SS twins had slightly shorter
education than mothers of OS twins (p <.001), and the same pattern was found for fathers (p
=.03). Mothers of singletons had slightly shorter education than mothers of twins (p = .02).
The same pattern was found for fathers (p = .08).

Non-attainment

Table 2 presents OR and 95% CI for test score non-attainment, before and after adjustment
for parental age and education. Males had significantly higher risk of test score non-
attainment than females, adjusted OR 1.70 (95% CI: 1.54 to 1.88). Risks of non-attainment
were similar in OS and SS females, adjusted OR 1.05 (95% Cl: .76 to 1.47) and in OS and
SS male twins, adjusted OR 1.10 (95% CI: .83 to 1.46). Likewise, no significant differences
in risks of non-attainment were found between OS/SS twins and singletons.

Similar patterns of differences in test scores and teacher ratings for those with missing
scores and those with all scores available were found for OS and SS twins as well as for
singletons, suggesting that the relative frequencies of missingness did not differ with twin
type or singleton birth status (not shown).

Academic performance

Table 1 also presents summary statistics for the academic performance scores. Overall, there
were high degrees of similarity between OS and SS twins and between twins and singletons
for both sexes. Table 3 and Supplementary Table 3 provide further information regarding
the effect sizes of differences, before and after statistical adjustment for potentially
confounding variables.

Males vs females

Overall, male twins and singletons showed significantly higher ninth-grade test scores in
mathematics than females (Table 3); however, the effect sizes were small (adjusted
difference .6—.15 SD). Conversely, females had slightly higher teacher ratings in
mathematics than males. Test performances in physics/chemistry were similar for males and
females. Unlike mathematics, males had significantly lower scores in Danish than females.
All mean differences in Danish oral, written, spelling, and neatness for test scores and
teacher ratings were significant (all p-values < .001) with moderate effect sizes (.33-.49
SD). A similar pattern was found in English, with males having significantly lower scores
than females, but the effect size was small (.20-.27 SD). In addition, males received lower
marks for neatness than females in both mathematics (.64—-.72 SD) and Danish (.45-.67 SD)
test scores as well as teacher ratings. The patterns of sex differences were the same in
singletons and in the full sample consisting of twins and singletons. In twins, the overall
patterns of sex differences were also identical with those of the full sample even when
excluding the OS twins (not shown).
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OS vs SS twins, and twins vs singletons

Female OS twins attained significantly lower scores in mathematics than SS twins (adjusted
difference .12-.14 SD) (Table 3). There were similar differences in the teacher ratings. SS
female twins had similar mathematics scores as singleton females, whereas OS females had
significantly lower test scores than singleton females after adjustments in both oral and
written mathematics (.13-.14). After excluding female twins with known MZ status we still
found that OS females had slightly lower performance than SS females in mathematics;
however, the estimates were not significant due to slightly reduced effect size and smaller
sample size (not shown).

Performance was similar in OS and SS female twins in all aspects of Danish and English
before and after adjustments; however, there was a slight tendency, though not significant,
towards OS females having lower performance than SS and singleton females in all adjusted
analyses, which would be consistent with a slightly lower OS performance overall. OS
females had significantly lower adjusted test scores in Danish oral, written and spelling (.
08-.09 SD) compared with singleton females, as well as in the adjusted written Danish and
spelling test and teacher-rating scores (.08-.13 SD). SS females had similar performance as
singleton females except for a slightly lower performance in written Danish (.07 SD).

OS females had slightly lower teacher ratings than SS females in neatness in mathematics:
adjusted difference .12 SD. SS females had the same mean scores as singletons, but OS
females scored lower than singletons (.12 SD).

OS and SS male twins showed no significant differences in any area of performance, either
before or after adjustments (Supplementary Table 3). Performance was similar for twins and
singletons after adjustments in all aspects of mathematics, physics/chemistry, and Danish.
Only in English, twin males attained significantly lower test scores than singleton males, but
the effect sizes were small (.08-.09 SD).

Parents’ age and education

The raw associations between the potential confounding variables and the test scores
showed significantly higher performance with higher maternal and paternal age and
education in both sexes (Supplementary Tables 1 and 2). When all the potential confounders
were included in the regression model, the associations among confounders and test scores
were attenuated. However, although these variables are overlapping and adjustment for all
of them simultaneously will reduce their effects individually, it does not mean that they are
no longer important. The tables show, e.g., that most of the effect of maternal age persisted
after adjustment, and the effect of parental education on test scores was still highly
significant after adjustment for all the other potential confounders.

Discussion

In this nationwide study of Danish adolescent twins and singletons, we found, as expected,
that sex differences in academic achievement were dependent on topics. Males had higher
test scores in mathematics than females (.06—.15 SD), whereas females performed
significantly better in Danish (.33—.49 SD), English (.20 SD), and neatness (.44-.64 SD).
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We hypothesized that OS female twins may be masculinized in academic performance due
to testosterone exposure from the male co-twin in utero. However, we did not find that OS
females performed better in mathematics than SS females. In addition, in Danish and
English, where females on average performed better than males, no significant difference
was found between OS and SS females. Only with regard to teacher ratings of neatness in
mathematics did OS females resemble males when compared with SS females, but the
difference was small (.12 SD). Scores for OS and SS males were similar in all topics.

The effect sizes for sex differences in mathematics in the present study were very small (.
06-.15) in magnitude, which was in accordance with previous literature showing that sex
differences in average mathematical tests tend to be small (Else-Quest et al., 2010; Lindberg
et al., 2010; Stoet and Geary, 2013). A small sex difference makes it harder to detect
potential differences between OS and SS twins (Cohen-Bendahan et al., 2005). However,
the size of the difference in mathematics scores between OS and SS females was
comparable with that of the sex difference, but in the opposite direction. Sex differences in
reading favouring females (app .2-.6 SD) exist across the globe (Hedges and Nowell, 1995;
Reilly, 2012; Stoet and Geary, 2013). We did not investigate reading directly, but the
standard mean difference between males and females in oral Danish was .35 SD. For writing
we found a difference of .49 SD corresponding to the literature showing that sex differences
in writing tasks are even larger than those of reading (Hedges and Nowell, 1995).

Although this study did not provide evidence of masculinization of female OS twins in
academic performance in adolescence, our findings did not necessarily contradict earlier
positive findings of prenatal masculinization in other traits, such as those replicating the
male advantage in mental rotation ability in OS females (Heil et al., 2011; Vuoksimaa et al.,
2010). The reason is that the tasks on which the students’ scores and ratings were based did
not rely upon the same ability as the mental rotation scores in any direct way. The finding of
no differences between OS and SS males was in accordance with other studies investigating
perceptual and cognitive traits (McFadden, 1993; McFadden et al., 1996; Vuoksimaa et al.,
2010).

The values of twins for testing the effects of prenatal testosterone can be challenged.
Transfer of testosterone is assumed, based on animal studies of intrauterine position, but
these studies show that masculinization is most likely for female foetuses that gestate
between two male foetuses, with smaller effects for those that gestate next to just one male
foetus (Ryan and Vandenbergh, 2002), raising scepticism about sufficient hormone transfer
in human pregnancies to affect physiology or behaviour. The literature is far from consistent
and recent studies fail to see masculinization for a variety of personality and fertility traits
such as anthropometric measures and fertility (Korsoff et al., 2014), birth weight (Sorensen
etal., 2013; Tul et al., 2012), eating disorders (Lydecker et al., 2012), and age at menarche
(Sorensen et al., 2013). However, the recent review on OS vs SS studies (Tapp et al., 2011)
found the most consistent evidence for hormonal transfer in studies investigating cognitive
traits in line with recent evidence from clinical studies linking early androgen exposure to
spatial abilities (Puts et al., 2008). Nevertheless, there are evidence that females with CAH
show larger and more consistent effects on activity interests than on spatial ability (Hines,
2010), which may show psychological mechanisms because prenatal testosterone might
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affect predispositions to engage in activities, e.g. childhood plays that influence spatial
ability (Berenbaum et al., 2012). Thus, recent evidence indicates nuanced interpretations of
how prenatal androgens influence brain development (Miller and Halpern, 2014).

An alternative explanation to prenatal hormone effects is postnatal socialization effects.
Apart from possible differences in prenatal hormone exposure, OS and SS twins may also be
different due to different psychosocial rearing environments (Cohen-Bendahan et al., 2005).
OS twins have more frequent interaction with, and have the opportunity for social imitative
learning from a sibling of the opposite sex (Pulkkinen et al., 2003), and evidence from non-
twin families suggest sex-typed effects from an older sibling (McHale et al., 2001).
However, two twin studies of activity interests (toy play), one of which used sib
comparisons as a control group for the social environment (Henderson and Berenbaum,
1997), failed to detect differences between children with OS vs SS co-twins regarding the
amount of time spent playing with feminine, masculine, and neutral stereotyped toys
(Henderson and Berenbaum, 1997; Rodgers et al., 1998). Additionally, twin studies with
siblings as a control group for the psychosocial environment also failed to find evidence for
socialization effects (Heil et al., 2011; Slutske et al., 2011). In general, there is sparse
evidence regarding twin social interactions; however, indications of differences in
socialisation in OS compared with SS twins are present (Pulkkinen et al., 2003).

Many factors may influence test scores. A previous Danish study comparing academic
performance between twins and singletons born 1986 —1988 confirmed a number of
potential confounding factors, including parental age and education (Christensen et al.,
2006). Evidence suggests that parental age may influence cognitive ability of offspring
(Edwards and Roff, 2010; Malaspina et al., 2005; Saha et al., 2009) and that parental
education, a surrogate of socioeconomic status, is associated with offspring academic
performance as well (Sirin, 2005). In this study, we showed that higher parental age and
education were associated with higher academic achievement in both sexes (Supplementary
Tables 1 and 2), and that parents of OS twins were older on average and had slightly higher
education than the parents of SS twins (Table 1). However, the crude and adjusted estimates
were approximately similar, indicating that the small differences in parental age and
education did not change the results to any substantial degree.

In this study comparing OS and SS twins it was also important to investigate differences
between singletons and OS and/or SS twins, because these comparisons can disclose
whether the OS/SS twin groups differed in performance from the general population. Our
results were consistent with those of a recent Swedish study showing similarity between
twins and singletons in ninth-grade school achievement (Hjern et al., 2012). Moreover, they
were in accordance with our previous Danish study that showed similar mean difference in
academic performance in adolescence in twins and singletons (Christensen et al., 2006).
However, because the present study investigated more birth cohorts and investigated
academic performance in specific topics and subtopics as well as differences between
subgroups of twins compared with singletons, there were small differences between the
results of the present study and the study by Christensen et al.

Horm Behav. Author manuscript; available in PMC 2015 May 27.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ahrenfeldt et al.

Page 12

Among the strengths of the study were the large nationwide register-base with minimal
selection criteria and inclusion of information on important potential confounders for the
majority of twins. Another advantage was the classification of academic performance into
topics and subtopics, resulting in a more detailed investigation of the masculinizing effects
among OS females and SS males.

The large group of twins with unknown zygosity (approximately 27%) was a limitation of
this study because the unknown zygosity of these SS twins made it impossible to exclude the
MZ twins and thus make the most valid test of the TTT hypothesis, which is a comparison
of only ssDZ with OS twins (Cohen-Bendahan et al., 2005). However, excluding twins with
known MZ status does only change the point estimates marginally. According to a meta-
analysis, differences in intelligence between twins and singletons were not influenced by
zygosity status (Voracek and Haubner, 2008), and this also applied to academic achievement
in a recent study of approximately 10,000 Dutch twins (de Zeeuw et al., 2012).

A further limitation was that control for fertility treatments such as in vitro fertilisation
(IVF) was not possible. A higher proportion of IVF children would be expected in the OS
than in our SS group that consisted of both MZ and DZ twins, because many multiple births
in I\VVF take place as a result of implantation of multiple fertilized eggs. These generate DZ
twins, and all OS twins are DZ. Parents who undergo I\VF treatment tend to have higher
socioeconomic position than average (Hjern et al., 2012). This is consistent with the higher
average age and educational level of parents of OS twins than parents of SS twins (Table 1),
which may favour OS twins regarding academic performance. On the other hand, if IVF
treatment influences cognitive outcomes negatively, we would expect lower performance in
OS than SS twins. However, natural multiple ovulation in older age is another reason for the
increase in twinning rate since the mid-1980s as females have waited longer to start their
families (Blondel and Kaminski, 2002), and it is most likely that only a small proportion of
the twins in our sample had been born through in vitro fertilisation because the dramatic rise
in its use took place in the 1990s (Herskind et al., 2005). In addition, no differences were
found in studies comparing cognitive development and school performance in IVF and
naturally conceived children, controlling for parental education (Mains et al., 2010;
Wagenaar et al., 2008).

Missing data was another limitation; however, a similar pattern of differences in test scores
for those with missing scores vs those with all scores available was found for SS and OS
twins as well as for singletons.

Conclusions

In conclusion, we found no evidence that having a male co-twin has a masculinizing effect
on females with regard to academic performance in adolescence. Scores for male twins were
not dependent on whether they had a twin sister or brother.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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