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During sensitive periods in utero, gonadal steroids help organize
biological sex differences in humans and other mammals. In litter-
bearing species, chromosomal females passively exposed to prenatal
testosterone from male littermates exhibit altered physical and
behavioral traits as adults. The consequences of such effects are less
well understood in humans, but recent near-doubling of twinning
rates in many countries since 1980, secondary to advanced maternal
age and increased reliance on in vitro fertilization, means that an
increasing subset of females in many populations may be exposed to
prenatal testosterone from their male co-twin. Here we use data on
all births in Norway (n = 728,842, including 13,800 twins) between
1967 and 1978 to show that females exposed in utero to a male co-
twin have a decreased probability of graduating from high school
(15.2%), completing college (3.9%), and being married (11.7%), and
have lower fertility (5.8%) and life-cycle earnings (8.6%). These rela-
tionships remain unchanged among the subsets of 583 and 239 fe-
males whose male co-twin died during the first postnatal year and
first 28 days of life, respectively, supporting the interpretation that
they are due primarily to prenatal exposure rather than to postnatal
socialization effects of being raised with a male sibling. Our findings
provide empirical evidence, using objectively measured nation-level
data, that human females exposed prenatally to a male co-twin ex-
perience long-term changes in marriage, fertility, and human capital.
These findings support the hypothesis of in utero testosterone trans-
fer between twins, which is likely affecting a small but growing
subset of females worldwide.
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Anatomic, physiological, and behavioral differences vary
widely among individuals of the same chromosomal sex (1)

and begin to be established in utero in response to gene products
and gonadal steroids (2). In the human embryo, the testes develop
in males and begin producing androgens, notably testosterone, 6 wk
after conception. Circulating androgens can directly impact de-
veloping brain structures or do so indirectly after local aromatization
into estrogens (3). In humans, amniotic testosterone levels are
positively related to rates of male-typical play behaviors in both male
and female children (4), and chromosomal females with genetic
abnormalities that increase prenatal androgen exposure similarly
exhibit male-typical behaviors across the lifespan (5). For example,
females with congenital adrenal hyperplasia, who are exposed to
high levels of androgens starting in utero (6), have been shown to
experience an increase in male-typical activities (7), an increase in
levels of aggression (8), and changes in processes related to self-
socialization of gender-related behavior (9). Although findings vary,
some human studies have further found that prenatal testosterone
level, as measured in, for instance, amniotic fluid, is inversely related
to cognitive test scores in early childhood in females (10).
Although endogenous hormone production varies across indi-

viduals of the same chromosomal sex, prenatal exposure to tes-
tosterone may be particularly high for the female twin in opposite-
sex twin pairs. Studies from such species as rats and guinea pigs

have shown that chromosomal female fetuses that are in proximity
to male littermates are passively exposed to testosterone and ex-
hibit male-typical morphological (11) and behavioral characteris-
tics (12). Androgen antagonists block these effects (13) while
exogenous androgens replicate them (14), implicating a causal
role of prenatal testosterone. Although prenatal estrogens are
important to female development, in multiple mammalian species,
male fetuses exposed in utero to high estrogen levels from female
littermates show weak and inconsistent evidence of behavioral and
biological changes (12). Work in humans has shown that females,
but not males (15), born with a male co-twin exhibit cognitive and
behavioral changes consistent with the known effects of prenatal
androgen exposure, including such traits as rule-breaking (16),
asocial and aggressive behavior (17, 18), sensation-seeking (19),
and performance on mental rotation tests (20, 21). On the other
hand, data on the effects on fecundity and educational and so-
cioeconomic outcomes have been mixed (22–25).
Although the findings of previous human studies are consis-

tent with prenatal testosterone transfer, they are unable to dif-
ferentiate the effects of in utero testosterone exposure from the
known postnatal effects on female behavior and development of
being raised with a male sibling (26). Past studies have shown, for
instance, that females raised with male siblings exhibit behav-
iors more typical of males in preschool (27) and attain higher
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educational levels (28). Although the latter finding is not universal
(29), such socialization effects could contribute to differences in
long-term outcomes among opposite-sex female twins, independent
of any effects of prenatal testosterone exposure. One exception is a
study of historical data from 18th and 19th century Finland
reporting that reduced fecundity and marriage rates in females
exposed to a male co-twin held among the subsample of females
whose male co-twin died during the first 3 mo of life, thus reducing
the likelihood that the differences were secondary to postnatal
socialization effects (22). While this finding using historical data is
consistent with a role of prenatal testosterone exposure as an in-
fluence on later-life outcomes in female co-twins, the sample size
for this analysis was limited, with outcomes compared between 20
female-male pairs and 10 female-female twin pairs. In addition, no
study has used this more conservative design to explore the appli-
cability of prenatal testosterone exposure in contemporary pop-
ulations, including policy-relevant outcomes beyond reproduction,
such as educational attainment and income.
Clarifying the long-term impacts on females of exposure to a

male co-twin is becoming increasingly salient. Twinning rates
have been increasing globally in developing economies like
Brazil (30) and China (31), as well as in high-income countries
throughout Europe and North America (32–34). This increase
has accompanied a demographic shift toward a later age at first
pregnancy and the increased use of assisted reproductive tech-
nologies, both of which are associated with an increased likeli-
hood of twinning (35, 36). As a result of these trends, a growing
proportion of females are now exposed to a male co-twin in
many contemporary societies (36).
To study the potential long-term impacts of being a female

opposite-sex co-twin, we used a high-quality longitudinal dataset
that includes birth, household composition, schooling, and labor
market records for all children born in Norway between 1967 and
1978. From the 728,842 births during that period, we extracted
information on 13,717 twins who survived the first year of life, did
not present with birth defects, and had available data on outcomes.
We then explored links between prenatal exposure to a male co-
twin with 30+ years of information on long-term outcomes, in-
cluding 1,378 individuals (10.0% of twin pairs) whose co-twin died
within the first year of life. Using these data, we constructed mul-
tivariable linear regression models designed to capture any lasting
effects of prenatal exposure of females to a male co-twin on fer-
tility, marriage, and socioeconomic outcomes.

Results
Adjusting for month and year of birth, maternal education and
age at the time of birth, and the child’s birth weight, female twins
with a male co-twin fared worse in educational attainment and
on the labor market and have reduced fecundity and a lower
probability of being married compared with female twins with a
female co-twin (Figs. 1 and 2 and SI Appendix, Table S1). In the
sample of all twins (n = 6,808), female twins with a male co-twin
had a 2.8-percentage point (15.2%) higher probability of drop-
ping out of high school and a 1.9-percentage point (3.9%) lower
probability of graduating from college; however, conditional on
graduating from college, they were no more likely to pursue
degrees in traditionally male-dominated science, technology,
engineering, and mathematics (STEM)- and economics-oriented
fields. In line with findings from 18th and 19th century Finland
(22), they also had a 3.8-percentage point (11.7%) lower proba-
bility of ever having been married by age 32 y and had 0.09 (5.8%)
fewer children on average. When we limited the sample to women
who were ever married by age 32 y, the effect on fertility remained
similar (4.8%), demonstrating that this effect was not primarily the
result of a lower marriage rate. Finally, female twins with a male
co-twin were 2.6 percentage points (3.2%) less likely to be in the
labor force and had 8.6% lower earnings at age 32 y. The latter
gradient is the equivalent of 26% of the gender gap and 27% of
the gap between college graduates and high school dropouts in
earnings in Norway for the population aged 32–43 y in 2010 ob-
served in our data. Consistent with some past studies, there was
minimal evidence of any long-term impacts on males of exposure
to a female co-twin (SI Appendix, Table S2).
We do not have direct measures of prenatal testosterone ex-

posure in our administrative data (e.g., from amniotic fluid), and
models using all twin births cannot differentiate in utero testos-
terone exposure from the postbirth socialization effects of being
raised with a male co-twin. To address this limitation, we present
results for the subsample of twin pairs in which the co-twin died
early in life (22), thereby comparing females with a deceased male
co-twin to females with a deceased female co-twin and dramati-
cally limiting the potential for cross-twin spillover in parenting and
socialization. The coefficients in this more stringent subsample
(n = 583) are similar to those in the full sample (Figs. 1 and 2 and
SI Appendix, Table S1), suggesting that the relationships in the full
sample are likely due to prenatal rather than postnatal exposure to
a male co-twin. However, as expected, the coefficients in co-twin
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Fig. 1. Effect sizes (and 95% CIs) linking in utero exposure to a male co-twin
and educational attainment of females. Samples shown in the darker bars
are based on all twin births, whereas samples in the lighter bars are based on
a subsample of twins in which a co-twin died during the first year of life.
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Fig. 2. Effect sizes (and 95% CIs) linking in utero exposure to a male co-twin
and socioeconomic success of females. Samples shown in the darker bars are
based on all twin births, whereas samples in lighter bars are based on a
subsample of twins in which a co-twin died during the first year of life.

6750 | www.pnas.org/cgi/doi/10.1073/pnas.1812786116 Bütikofer et al.

https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1812786116/-/DCSupplemental
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1812786116/-/DCSupplemental
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1812786116/-/DCSupplemental
https://www.pnas.org/cgi/doi/10.1073/pnas.1812786116


death sample are at the margin of statistical significance owing to
the much smaller sample size of this group (P = 0.84 for STEM/
economics major, 0.30 for probability of being in labor force, and
between <0.01 and 0.10 for the remaining outcomes).
As a further check, we restricted the analysis to those females with

a male co-twin who died within 28 d of birth (SI Appendix, Table S3).
In this even smaller sample (n = 239), these coefficients are no
longer statistically significant at conventional levels; however, the
point estimates are very similar in this subgroup of females who were
exposed to a male co-twin only in utero and during the very earliest
postnatal period. This stability of estimated effect sizes bolsters our
confidence that the findings are predominantly of prenatal origin,
with testosterone transfer thus being a likely explanation.
Although prenatal exposure to a male twin likely involves ele-

vated exposure to testosterone, it is also plausible that females with
a male co-twin are at a relative nutritional disadvantage compared
with females with a female co-twin, owing to the greater prenatal
nutritional requirements of males, as reflected in their faster aver-
age fetal growth rate and higher birth weight compared with fe-
males. Although such an effect should be accounted for in the
specifications in which we control for birth weight (SI Appendix,
Table S1), we evaluated this possibility more directly by rerunning
our models stratified on a median split of the level of between-twin
disparity in birth weight. If nutritional disadvantage is an important
confounder, then we should observe larger treatment effects in pairs
with more disparate birth weights. Contrary to this possibility, the
coefficients in these two subsamples are nearly identical (SI Ap-
pendix, Table S4), providing strong evidence against a role of nu-
tritional disadvantage in the females of male-female twin pairs.
A potential concern with the deceased co-twin approach is that

the sex might affect future fertility or gender composition in the
household, which could, through resource competition or sociali-
zation effects, have differential postnatal impacts on females with
a deceased male versus female co-twin (26). However, we find no
evidence of differences in either future fertility or the sex com-
position of future siblings across these groups. Girls with deceased
male co-twins have 1.76 more later-born siblings on average, which
is nearly identical to the 1.66 later-born siblings for girls with
deceased female co-twins (P = 0.99), and 50.4% of their later-born
siblings are male, compared with 49.7% for girls with deceased
female co-twins (P = 0.98). Thus, the sex of the deceased co-twin
appears to be random with respect to future changes in family
composition (SI Appendix, Table S5).

Discussion
We find that females with male co-twins experience adverse ed-
ucational and labor market outcomes, while also being less likely
to marry and have children. These effects are sizable and robust to
statistical specifications designed to isolate an effect of prenatal
exposure to a male co-twin from postnatal socialization effects, as
well as those aimed at ruling out prenatal nutritional pathways. As
such, they provide strong support for the applicability of the
testosterone-transfer hypothesis to humans, and more generally
point to the likely durable impacts of prenatal sex steroids on a
range of biological, behavioral, and social outcomes.
Causes of these relationships plausibly include the direct ef-

fects of high prenatal testosterone exposure in chromosomal
females. For instance, umbilical testosterone has been shown to
predict traits like lower cognitive test scores (10) and difficulties
with social communication (37). Although we do not have pre-
natal measures of testosterone concentration, which due to
ethical constraints may never be available in humans, past re-
search reveals evidence for intrauterine transfer of hormones in
multiple pregnancies. It has been shown that testosterone
transfers across fetal membranes through diffusion in amniotic
fluid among rats (38). Another potential pathway involves in-
creased testosterone exposure of female twins secondary to
higher concentrations of maternal testosterone induced by their

male co-twin. Such a mother-child transfer has been observed in
rabbits (39) and Rhesus monkeys (40), and human mothers
bearing male fetuses have been shown to have elevated circu-
lating testosterone (41, 42).
Behavioral changes downstream of prenatal testosterone expo-

sure, such as any effect of disruptive behavior on schooling or ed-
ucational attainment, are likely candidate pathways linking male co-
twin exposure to later earnings. Consistent with this interpretation,
conditioning on educational attainment in the earnings equation
reduced the coefficient on opposite-sex from −0.086 (SE,
0.021) to −0.042 (SE, 0.014), suggesting that roughly 50% of
intensive margin labor market effects could be explained by edu-
cational outcomes that are upstream of earnings. We are aware of
only one similar previous study, conducted in The Netherlands, that
used an opposite-sex twin comparison and reported no or only small
negative effects on female earnings (24). The results of that cross-
sectional study were sensitive to specification of the sibling com-
parison group, suggesting that twins and singletons may vary in
relation to other unmeasured factors, such as gendered socialization
or prenatal development. In contrast, using longitudinal panel data,
we find that the negative long-term differences in Norwegian
females with a male co-twin are consistent across a range of long-
term outcomes measured at age 32 y and are also largely un-
changed in more conservative subsamples in which the potential
for postnatal socialization effects were minimized.
Our finding of reduced fertility among females exposed to

male co-twins is in agreement with some, but not all, previous
human studies. The study by Lummaa et al (22) using historical
Finnish data documented significant decrements in fertility
among females with male co-twins that related to a combination
of a reduced likelihood of marriage along with reduced fecun-
dity. In contrast, a more recent study of 913 opposite-sex twin
pairs failed to find evidence of reduced fertility in females ex-
posed to male co-twins in the United States, The Netherlands,
and Australia (25). The reason for the disparate findings among
studies is unclear, but a negative impact of prenatal testosterone
on female fecundity is supported by experimental work in animal
models. In mice, females positioned in utero near male litter-
mates have relatively masculinized morphological, endocrine,
and behavioral phenotypes, as well as a tendency for longer es-
trus cycles and altered fertility. In sheep, females exposed to
excess testosterone in utero have been shown to have altered
negative feedback inhibition of hypothalamic-pituitary-gonadal
function (43), and in multiple species, lower reproductive rates
have been reported in females from male-biased litters (12, 44).
In addition to any direct in utero effects on female reproductive

biology, prenatal testosterone also might have indirect effects on
fertility by altering behaviors or social relationships, as suggested
by our finding that females with a male co-twin are less likely to
enter marriage. For instance, prenatal testosterone has been
shown to predict antisocial and aggressive behaviors (18). How-
ever, it is notable that the negative effect of male co-twin exposure
on female fertility in our sample was similar in the subsample of
married women, demonstrating that the effect is largely in-
dependent of any effect on marriage success. Although we are not
able to rule out other behavioral or social pathways not captured
in our data, our findings are consistent with a small but none-
theless significant negative impact on human female fecundity
among females exposed in utero to a male co-twin.
Although females exposed to a male co-twin exhibited a range

of long-term differences compared with females exposed to a
female co-twin, we found that males exposed in utero to a female
co-twin had similar long-term outcomes as males exposed in
utero to a male co-twin. This finding is consistent with some
previous studies in humans and animal models and points to
likely nonlinearities in the effect of prenatal testosterone. Fe-
males have much lower baseline testosterone levels than males,
and thus passive exposure to testosterone from a male co-twin
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represents a relatively larger increase in exposure to the hor-
mone (45). Although little is known about the magnitude of this
increase, studies have reported marked differences in the con-
centration of amniotic fluid testosterone in males and females
during early gestation (46, 47), and female non-twins have vari-
able testosterone levels that predict a wide range of postnatal
behaviors (4). Studies of other mammals have demonstrated
increases in female fetal testosterone of 25%–50% in rats and
mice exposed to two male siblings (48, 49) and of roughly 50% in
gerbil females exposed to one male sibling in utero (50). Our
average differences are based on a sample of twin pregnancies,
which, although providing a natural experiment, are inherently
different from singleton pregnancies. Therefore, it is possible
that effects could be different if prenatal testosterone levels were
experimentally manipulated or the natural variability in testos-
terone exposure was considered in singleton females.
The deleterious educational and labor market effects of hav-

ing a male co-twin are of policy interest, as they now affect a
larger fraction of the female population in many nations than
once was the case. In Norway, 0.6% of newborn girls were ex-
posed to a male co-twin in 2010, compared with 0.3% in 1971.
Although similar statistics generally are not available outside of
Scandinavia, based on National Center for Health Statistics vital
statistics data, we estimate that in the United States, the per-
centage of all newborn girls with male co-twins rose from 0.6% in
1971 to 1.1% in 2010. While of increasing importance globally
(36, 51), our present findings may have particular relevance for
subgroups with especially high increases in twinning rates, such
as college-educated families.
We emphasize that we do not advocate against delayed re-

production or the use of in vitro fertilization, which are complex
decisions made by individuals balancing a range of biological,
social, and individual factors. While the effects that we document
are important at the population level, they represent an unlikely
outcome of any single fertility decision. We are also limited to
administrative records, and it may be that females gestating with
male co-twins excel in other domains of life that we are unable to
measure in our data. Moreover, the specific pattern of long-term
societal impacts may change with time and across societies as
gender norms and other cultural mores change. These caveats
aside, our results suggest that in utero testosterone transfer could
present a hidden impact of practices that increase multiple zy-
gote implantation, and provide long-term perspectives concern-
ing the risks and returns of these fertility decisions.

Materials and Methods
This study has been approved by Statistics Norway and Norwegian Data
Authorities. Our data are from the Norwegian Registry Data (52), a linked
administrative dataset that covers the entire population of Norway. The
dataset, maintained by Statistics Norway, is a compilation of different ad-
ministrative registers, including the Central Population Register, Medical
Birth Register, Education Register, and Tax and Earnings Register. These
administrative registers can be linked together using unique personal
identifiers. Linkage is deterministic rather than probabilistic, and the linkage
rate is 100% if an individual exists in both datasets (e.g., foreign-born in-
dividuals would not be present in the Medical Birth Register). Since our
analysis requires birth records, we limited the sample to individuals born
in Norway.

The Medical Birth Register provides information about children and
mothers at the time of birth: month and year of birth, plurality, birth weight, sex,
and maternal age. The Education Register provides information about maternal
years of education as well as children’s educational outcomes: high school
dropout, college graduate, and STEM/economics major. The Tax and Earnings
Register provides information on labor market outcomes: labor force participa-
tion and earnings. The Central Population Register provides demographic out-
comes for children (ever married, number of own children) and information on
family composition that allows children to be linked to their parents.

We included all twins from twin pairs born in Norway between 1967 and
1978 who met the following criteria: (i) at least one twin survived the
first year of life and did not present with birth defects and (ii) at least one

twin was observed at age 32 y, when long-run outcomes were assessed. We
imposed a panel structure on the data and discarded any observations for
which we observed only education information but not earnings in-
formation, due to, for example, emigration or early adulthood mortality.
Our results were substantively unchanged in repeated cross-sections in
which we allowed sample sizes to differ for each outcome. These restrictions
yielded a sample of 13,717 observations (out of 13,800 possible twin births
surviving to age 1 y without birth defects) with 36.2% of female-female
pairs, 37.0% of male-male pairs, and 26.7% of female-male pairs. Corre-
sponding proportions in the total population of twin births between 1967
and 2010 in Norway are 32.4% for female-female pairs, 33.9% for male-
male pairs, and 33.7% for female-male pairs. The decline in the fraction of
opposite-sex twin pairs in our estimation sample is due to a greater likeli-
hood of birth defects and congenital malformations for this set of preg-
nancies. Furthermore, approximately 4.1% of infants from multifetal
pregnancies do not reach 1 y of age or are born with serious congenital
malformations (compared with 1.3% of those from singleton pregnancies).
We necessarily excluded these pregnancies from the analysis.

We used linear regression models to study the effects of testosterone
transfer. The primary analysis sample was restricted to female same-sex and
female-male opposite-sex twin pairs, and we included only females from
these pairs in our estimation sample. The empirical sample used in the main
analysis included 6,808 observations from 4,533 twin pairs; however, when
analyzing collegemajor choice, we conditioned on college completion, which
reduced the sample to 3,376 observations from 2,568 twin pairs. We con-
sidered seven long-run outcomesmeasured at the individual level, as outlined
in the dataset description.

The theory stipulates that testosterone transfer occurs in female-male
pairs, and thus females from these pairs constituted our treatment group,
while females from female-female pairs composed a control group. Ana-
lytically, we regressed one of the outcomes on the indicator for opposite sex
(β) and the set of control variables (λ). Control variables included year of
birth indicator variables, month of birth indicator variables, maternal age
and years of education at the time of birth, as well as child’s birth weight to
control for initial birth endowments. Birth endowments may be important
because females are smaller at birth on average; however, in our data, fe-
males with a male co-twin were actually larger than females with a female
co-twin. We estimated this opposite-sex favorable difference to be 58.1 g
(SE, 20.5 g). Because birth weight is positively related to later human capital and
similar outcomes (53, 54), including most likely behavioral changes, this pattern
of results leads to an overestimation of the effects without controlling for birth
weight. Nonetheless, we present the less conservative results without controlling
for birth endowments in SI Appendix, Table S6. It could also be the case that
females exposed to larger male fetuses receive higher in utero testosterone
transfers. We tested this hypothesis by interacting an indicator for opposite-sex
twin pair with an indicator for above-median birth weight of themale fetus, and
found that this interaction was neither consistently signed nor statistically sig-
nificant at conventional levels (SI Appendix, Table S7). Furthermore, coefficients
for the opposite-sex indicator in these expandedmodels remained very similar to
those in our main results.

In the main regressions, the estimate on opposite sex (β) compared the
mean outcomes between females exposed to a male and females exposed to
a female. Figs. 1 and 2 plot effect sizes, that is, the point estimate divided by
mean of an outcome in the estimation sample; this does not apply to
earnings, which are expressed in logs rather than levels. In the larger sample,
we adjusted SEs for within-family correlations by clustering them at the mother
level and used heteroskedasticity-robust errors when regressions included only a
single twin from a pair. We clustered at the mother rather than twin pair level
because in a few cases (<1% of our larger sample) we included multiple twin
pregnancies from the same mother, and our approach accounts for potential
correlation within family and across births. Even though we observed a near-
census of individuals, SE estimation was still warranted because a small fraction
of children could die or migrate internationally between the birth and outcome
measurements. Moreover, there is always a concern about coding errors, even in
administrative data, which introduce measurement error. Finally, we performed
similar analyses for males, with the sample restricted to female-male and male-
male twin pairs (SI Appendix, Table S2).

We augmented the primary analysis with two additional sets of results
addressing the possibility of postnatal socialization. Here we replicated the
main analysis on two samples aimed at minimizing the potential for postnatal
socialization effects: (i) the group in which both twins were born alive but one
of them died within the first year of life; and (ii) the more restrictive sample in
which both twins were born alive but one of them died within the first 28 d of
life. Sample sizes were 583 when analyzing death within the first year and 239
when analyzing death within the first month (476 and 202, respectively, when
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analyzing college major choice). Irrespective of the sample, in these analyses
we required death to occur in both female-female and female-male pairs;
however, in the former, a female dies, and in the latter, a male dies. We also
analyzed fertility in SI Appendix, Table S5, were we regressed the number of
children born to a mother after the twin pregnancy or the percentage of
males among these children on the opposite-sex indicator.

When analyzing subsequent fertility and sex composition with respect to
sex of the deceased twin, we restricted the sample to these 583 observations
from families in which a co-twin died within the first year of life. Here we
counted the number of subsequent live births to a mother (by 2010) after the
twin birth. We then applied a t test and reported P values for the difference
between two groups: deceased female and deceased male co-twin. We
performed similar procedures when computing the sex ratio, but counted
the number of subsequent female and male births separately and con-
structed a variable, the number of females over number of males.

To approximately quantify the population affected in the United States,
we first computed the percentage of twin births in all births reported in

publicly available National Center for Health Statistics (NCHS) Vital Statistics
Data for birth cohorts 1971 and 2010. These values were 1.8% and 3.4% for
1971 and 2010, respectively. However, NCHS data only indicate whether the
birth is a twin and do not allow linking children into twin pairs. In a separate
dataset restricted to the universe of births in Florida between 1992 and 2002
(53), twin identities are known, and we computed that among all twin births,
33.8% were male-male pairs, 33.8% were female-female pairs, and 32.4% were
female-male pairs. Based on these percentages, we multiplied 1.8 and 3.4 ×
0.324 to obtain approximate percentages of newborn girls with a male co-twin
in the United States as 0.6% in 1971 and 1.1% in 2010. For this extrapolation to
be correct, we need to assume that the sex composition of twin pairs born in
Florida between 1992 and 2010 is a good approximation for the entire United
States and over time between the 1970s and 2010s.
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