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Introduction

The intra-uterine environment is considered as a possible starting point for development 

of diseases later in life 1. For example, undernutrition during gestation, depending on the 

trimester of exposure, may result in a higher prevalence of coronary heart disease, type 2 

diabetes, bronchitis and altered lipid profile in the offspring 2. Hormones larger than 7-12 kDa 

are not able to pass the placenta, therefore making the fetal endocrine component largely 

independent of maternal influences 3. Although in general much thought has been given 

to intra-uterine hormone exposure, little is actually known, especially in the complicated 

situation of multiple pregnancies, because circulating hormones influence, and are influenced 

by, at least two fetuses and concentrations may differ from those found in singleton 

pregnancies. An increased risk of developing breast or testicular cancer in dizygotic twins, is 

often related to intrauterine exposure to high estrogen concentrations 4,5,6. Proxy indicators 

of prenatal estrogens such as high birth weight (> 4 kg), advanced maternal age and severe 

nausea in the first trimester have been used to evaluate these associations 4,5,7-9. Being part of 

a twin is considered such a risk factor as well, since estrogen concentrations are consequently 

reported to be higher in serum and urine in mothers of twins 10-12, however there are almost 

no data on fetal exposure 13,14. A study analysing data from Finland far before the age of 

contraception, reported a reduced fecundity in women born as part of an opposite-sex 

twin. Overexposure to androgens produced by their male co-twin was suggested to be 

the cause of this loss of reproductive capacity 15. Suggested effects of prenatal exposure to 

androgens, have been reported in childhood as changes in gender related play behaviour 
16 and in adults as the trait of sensation seeking which is more prone in women with a male 

co-twin 17. So, although there is no direct evidence, twin babies may influence their co-twin, 

which emphasizes the importance to obtain adequate information on actual hormone 

concentrations within the fetal surroundings. To fill this gap of knowledge we conducted a 

prospective study in which we collected maternal serum around mid-pregnancy and again 

at delivery, plus umbilical cord blood from a large cohort of women with a variety of twin 

pregnancies and singleton controls. We measured estrogens, progesterone, androgens, 

gonadotropins, anti-Mullerian hormone and inhibins. At 6 weeks of age gonadotropins in 

neonatal urine samples and testicular volumes were measured. 

We aimed to answer the following main, so far unanswered questions:

1	 Do reproductive hormonal profiles, in particular estrogens, androgens and progesterone, 

in mothers and babies differ in case of a twin pregnancy compared to a singleton 

pregnancy?

2	 Are reproductive endocrine profiles at birth of a newborn female twin influenced by a 

male co-twin and vice versa?

Abstract

The intra-uterine environment is considered a possible starting point for development 

of diseases later in life. This phenomenon is even more important when considering a 

twin pregnancy as these children are part of the intra-uterine milieu affecting their co-

twin. In this manuscript we aimed to shed light on the question whether reproductive 

hormonal profiles in mothers and children differ in case of a twin pregnancy compared 

to a singleton pregnancy and whether girls influence their male co-twin and vice versa. 

We collected data on an array of reproductive hormones in singletons and twins, and 

aimed to answer two main questions. 1) Are reproductive hormone profiles, in particular 

estrogens, androgens and progesterone, in mothers and babies different in case of a twin 

pregnancy compared to a singleton pregnancy? 2) Are reproductive endocrine profiles of 

girls (fetuses and newborns) influenced by their male co-twin and vice versa? We measured 

estrogens (estrone (E1), estradiol (E2) and estriol (E3)), androgens (androstenedione 

(ADION), dehydroepiandrostenedione (DHEA) and testosterone (T)) using validated LC-MS/

MS methods. Gonadotropins (follicle stimulating hormone (FSH) and luteinizing hormone 

(LH)), progesterone (P), anti-Mullerian hormone (AMH) and inhibin A and inhibin B were 

measured by commercial immunoassays. At 6 weeks of age gonadotropins in neonatal urine 

were sampled and testicular volumes were measured by ultrasound. Hormonal profiles 

were compared between singletons and twins, between twins of the same and different 

sex and between girls and boys. Estrogen and progesterone concentrations were higher in 

mothers of twins compared to singletons. Twin babies had lower estrogen and progesterone 

concentrations at birth. Opposite-sex twin girls did not have higher androgens in cord 

blood compared to same-sex twin girls, but boys with a female co-twin had lower LH and 

inhibin B levels compared to same-sex dizygotic twin boys. So in opposite-sex twins we 

did not find distinct androgenic effects of boys on their female co-twin, however twin boys 

show signs of impaired hypothalamic-pituitary-testicular activity. In contrast to current 

understanding, children from a twin are not overexposed to sex steroid hormones at time of 

birth. Epidemiological studies seem to have abusively implied the twin pregnancy as a model 

for such overexposure. On the other hand, mothers of twins are overexposed to sex steroid 

hormones during pregnancy. Furthermore, the hypothalamic-pituitary-gonadal axis in twin 

children seems to be under central inhibition particularly in boys with a sister as co-twin 

where there is impaired hypothalamic-pituitary-testicular activity in the boy. 
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mode using electrospray ion source on a triple quadruple mass spectrometer (API4000; AB 

Sciex, Foster City, CA, USA). The HPLC system consisted of series 1260 HPLC pumps (Agilent 

Technologies, USA) and a HTC PAL autosampler (LEAP Technologies, NC, USA) equipped 

with a fast wash station. The quadrupoles Q1 and Q3 were tuned to unit resolution and the 

mass spectrometer conditions were optimized for maximum signal intensity of each steroid. 

Two mass transitions were monitored for each steroid and its internal standard. Quantitative 

data analysis was performed using AnalystTM 1.5.2 software. Calibration curves were 

generated with every set of samples using six calibrators and three quality control samples 

were included with every set of samples. Specificity of the analysis for each steroid in every 

sample was evaluated by comparing concentrations determined using the primary and the 

secondary mass transitions of each steroid and its internal standard 18,21.

Other hormone determinations

Progesterone was measured using a competitive, luminescence immunoassay (Architect, 

Abbott Laboratories, Diagnostic Division, Abbott Park, Illinois, USA) with a lower limit of 

detection of 2 nmol/L. Intra-assay CV was 2% and inter-assay CV was 5%. Inhibin A was 

measured using an immunometric assay (DSL, Webster Texas, USA) with a lower limit of 

quantitation of 13 ng/L. Intra-assay CV was 3-6% and inter-assay CV was 5-15%. Inhibin B was 

measured using an immunometric assay (Serotec Limited, Oxford, UK) with a lower limit of 

quantitation of 15 ng/L. Intra-assay CV was 5-30% and inter-assay CV was 9-15%. FSH was 

measured using a luminescence immunoassay (Architect, Abbott Laboratories, Diagnostic 

Division, Abbott Park, Illinois, USA) with a lower limit of detection of 0.11 U/L. Intra-assay CV 

was 3% and inter-assay CV was 5-6%. LH was measured using a luminescence immunoassay 

(Architect, Abbott Laboratories, Diagnostic Division, Abbott Park, Illinois, USA) with a lower 

limit of detection of 0.1 U/L. Intra-assay CV was 3% and inter-assay CV was 6-7%. AMH was 

measured using GEN II AMH elisa (Beckman Coulter) with a lower limit of detection of 0.2 

µg/L. Intra-assay CV was 7-10% and inter-assay CV was 8%.

Urine samples

Urine was collected from neonates at 6 weeks of age using an Urinocol collection device 

(B. Braun Medical, Oss, The Netherlands). These samples were used to measure FSH, LH 

and creatinine. FSH was measured using a luminescence immunoassay (Architect, Abbott 

Laboratories, Diagnostic Division, Abbott Park, Illinois, USA) with a lower limit of detection 

of 0.11 U/L. Intra-assay CV was 3% and inter-assay CV was 6%. LH was measured using a 

luminescence immunoassay (Architect, Abbott Laboratories, Diagnostic Division, Abbott Park, 

Illinois, USA) with a lower limit of detection of 0.1 U/L. Intra-assay CV was 3% and inter-assay 

CV was 6-7%. Creatinin was measured using the Jaffa method, with a measuring range of 360-

57500 µmol/l. The CV was 1.9% for both the normal and abnormal range. 

Subjects and methods

Subjects

Pregnant women were recruited between January 2004 and October 2009 from the 

VUmc outpatient clinic, VUmc IVF center, a midwife practice and other teaching hospitals 

throughout the Netherlands. In order to participate, women had to be above the age of 18, 

pregnant with a singleton or twin and have no apparent endocrine disease or malignancy. 

Women who gave birth before 32 weeks of gestation were excluded. We collected maternal 

venous serum samples between 18 and 22 weeks of gestation and during labour. After 

birth umbilical cord blood was sampled. From the neonates urine was collected and 

ultrasonographically testicular volumes were measured at six weeks of age. From twin 

neonates of equal gender buccal swabs were taken in order to determine zygosity. The study 

was approved by the Medical Ethical committee of the VUmc and all (parents of ) participants 

signed an informed consent. 

Methods

Blood samples

Venous maternal serum and mixed venous and arterial umbilical cord blood samples were 

centrifuged for 10 minutes (3000 revolutions/minute) and stored at -20oC. Samples were 

transported between the participating centres on dry ice.

Estrogens and Androgens

Samples were analysed for estrogens (E1, E2 and E3) and androgens (T, ADION and DHEA) 

using the LC-MS/MS methods at ARUP Laboratories (Salt Lake City, USA). T, E1, E2, E3, 

hydroxylamine, formic acid, trifluoroacetic acid, dansyl chloride and sodium carbonate were 

purchased from Sigma Aldrich (St Louis, MO, USA). ADION and DHEA were purchased from 

Steraloids Inc. (Newport, RI, USA). The internal standards were deuterium labeled analogs 

of the steroids; d
3
-Te was purchased from Cambridge Isotope Laboratories (Andover, MA); 

d
4
-E1, d

3
-E2, d

3
-E3 d

7
-ADION and d

2
-DHEA were purchased from CDN Isotopes (Toronto, 

ON). All other chemicals were of the highest purity commercially available. Samples were 

analyzed using the liquid chromatography tandem mass spectrometry methods (LC-MS/

MS) as previously described 18-20. Briefly, steroids were extracted from the samples. DHEA, 

ADION and T were derivatized with hydroxylamine to form oxime derivatives and E1, E2 

and E3 were derivatized with dansyl chloride to form dansyl derivatives 18,19. The lower limit 

of quantification (LOQ) for estrogens (E1, E2 and E3) was 1 pg/ml, for DHEA 0.05 ng/ml and 

0.01 ng/ml for testosterone and ADION 19,20. The intra-assay and inter-assay coefficients of 

variation (CVs) were <8% and <11%, respectively 19,20. All steroids were analyzed in positive ion 
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our previously raised questions in this manuscript, but we present tables of all performed 

analyses (see also appendix). A p-value of < 0.05 was considered significant. STATA (version 

12.0) was used for all statistical analyses. 

Results

Study population

The study population is shown in figures 1a (twins) and 1b (singletons). From the original 

group we excluded in total 29 mothers because they did not meet the inclusion criteria (2 

mothers with endocrine disorders; 1 with diabetes, 1 with hypothyroidism, 10 participants 

from whom no hormonal data were obtained and 17 participants who delivered before 32 

weeks (2 singletons and 15 twins)).

Figure 1 The number of mothers pregnant with a twin (1a) or singleton (1b) and their neonates at 
different time points, according to zygosity, gender and mode of conception. GA = gestational age, N = 
number of participants, NC = natural conception, ART = assisted reproduction, ? = mode of conception 
unreported, *cord blood from only one child of the twin.

Twin mothers mid-gestation N=204

Twin mothers at delivery N=174

Neonatal samples of the twins at delivery 

N=156 (sample from both children) and N=12 (sample from only one 
child)

NC N=14

ART N=1

NC N=12

ART N=16

? N=2

MZ pairs 
N=14

N=1*

MZ pairs
N=15

N=1*

DZ pairs 
N=29

N=1*

DZ pairs
N=33

N=4*

♂♀♂♂♀♀

DZ pairs 
N=65

N=5*

NC N=11

ART N=2

? N=3

NC N=10

ART N=24

? N=3

NC N=25

ART N= 41

? N= 4

Included after GA 20 weeks: 24

Blood sample not taken at delivery: 54

1a

 Zygosity

Umbilical cord blood and/or a buccal swab was taken from same-sex twin children and 

used to compare 16 highly polymorphic DNA markers, in order to determine zygosity (DDC, 

Fairfield, OH, USA). This DNA test was performed using the DualProcess utilizing PowerPlex 

16 PCR amplification and an ABI 3730 DNA analyzer, DDC PlatinumPlex was used. Same-

sex twins accounted for 61.5 % of the total twin population and 38.5% were opposite-sex 

twins. From the total same-sex twin sample we obtained DNA in 71.1 % of the pairs. Divided 

by zygosity, for MZ twins we collected DNA from 76.7% of the twin pairs and from 23.3% 

zygosity was determined based on first trimester t-sign on ultrasound, placental pathology, 

mode of conception and resemblance of the children. For DZ twins DNA was obtained 

from 82.9% of the twin pairs. If DNA was not available placental pathology reports, mode of 

conception (number of embryos transferred in IVF of ICSI cycle or number of follicles in IUI or 

ovulation induction), λ-sign on first trimester ultrasound and the resemblance of the children 

were used as reference.

Testicular ultrasound

For the testicular ultrasound measurements a portable Aloka SSD-900 was used with a 7.5 

mHz linear transducer. Sagittally we measured length (cm) and width (cm) and transversally 

we measured height (cm). The sagittal diameter is characterized by the mediastinum which is 

identified as an echogenic line running from the superior to the inferior pole of the testis. In 

the sagittal diameter the epidydimus is project separated from the testis. The epidydimus is 

not included in the volume measurement. Testicular volume (cm³) was calculated using the 

formula: length x width x height x (π/6) which is the mathematical formula for measuring the 

volume of an ellipsoid. We assumed that the testis is not a perfect ellipse therefore width and 

height were measured individually sagittally and transversally 22. 

Statistics

Hormone concentrations were positively skewed and therefore logarithmically transformed 

data were used for all analyses. Linear regression analyses were used to compare maternal 

hormone levels between singletons and twins and the different types of twins. Multilevel 

analyses were used to compare neonatal hormone levels, because individual twin data are 

by definition related and multilevel analysis takes this dependency into account. All maternal 

samples were corrected for age, parity, BMI at 20 weeks of gestation, smoking status (smoking 

versus non-smoking), ethnicity (Caucasian versus non-Caucasian), mode of conception 

(natural versus assisted reproductive techniques (ART)) and mode of delivery (natural delivery 

versus not-natural delivery). All neonatal samples were corrected for gestational age at birth 

and birth weight. Considering the aspect of multiple testing we have chosen to answer only 
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Table 1a Continued

All Singletons MZ twins DZ twins
Smoking

Never smoked 41.7 % 41.8 % 41.9 % 41.5 %

Ever smoked 58.3 % 58.2% 58.1 % 58.5 %

1 year before pregnancy

No 69.3 % 70.9 % 65.1 % 68.1 %

Yes 30.7 % 29.1 % 34.9 % 31.9 %

During pregnancy

No 84.6 % 86.9 % 79.1 % 83.0 %

Yes 15.4 % 13.1 % 20.9 % 17.0 %

Data are presented as mean (+ SD) or percentages of the total population and according to zygosity.

Table 1b Neonatal characteristics at birth (mean (+ SD) or %))

Zygosity
Singleton 51.4 %

MZ twin 9.0 %

DZ twin 39.6 %

Gestational age
Singleton 39.6 (1.8)

MZ twin 36.9 (1.7)

DZ twin 37.0 (1.6)

Birth weight (g)
Singleton 3424.0 (638.2)

MZ twin

First twin child 2635.4 (435.5)

Second twin child 2540.7 (469.9)

DZ twin

First twin child 2662.5 (420.2)

Second twin child 2597.0 (501.3)

Natural delivery

Singleton 48.6 %

MZ twin 25.6 %

DZ twin 25.5 %

Data are presented as mean (+ SD) or percentages of the total population and according to zygosity.

Gestational age at birth for all singletons, MZ and DZ twins are shown in figure A1 (see 

appendix) which graphically represents the range of gestational ages at birth according to 

zygosity.

Twins versus singletons 

All twins versus all singletons (figures 2 and 3 and appendix table A1)

At 20 weeks of gestation mothers pregnant with a twin had higher E1 (p=0.000), E2 (p=0.000), 

Figure 1 The number of mothers pregnant with a twin (1a) or singleton (1b) and their neonates at 
different time points, according to zygosity, gender and mode of conception. GA = gestational age, N = 
number of participants, NC = natural conception, ART = assisted reproduction, ? = mode of conception 
unreported, *cord blood from only one child of the twin.

Baseline characteristics

Maternal (1a) and neonatal (1b) baseline characteristics are reported in table 1.

Table 1a Maternal characteristics at 20 weeks of gestation for the total group and according to zygosity 
(mean (+ SD) or %))

All Singletons MZ twins DZ twins
Age 33.6 (4.1) 33.9 (4.1) 32.2 (4.6) 33.4 (3.8)

Parity 
0 53.6 % 52.1 % 56.1 % 55.0 %

1 34.0 % 34.2 % 26.8 % 35.5 %

> 2 12.4 % 13.7 % 17.1 % 19.5 %

Ethnicity
Caucasian 86.8 % 84.8 % 95.0% 87.5 %

Asian 1.8 % 2.2 % 1.8 %

Hindustani 0.9 % 1.3 % 0.6 %

Mediterranean 5.5 % 5.6 % 5.0% 5.4 %

Creole 3.9 % 4.8 % 3.6 %

Other 1.1 % 1.3 % 1.1 %

BMI 25.5 (4.2) 25.0 (4.3) 26.2 (3.4) 25.9 (4.3)

Singleton mothers mid-gestation

N=248

Singleton mothers at delivery 

N=178

Neonatal samples at delivery 

N=178

♀ N=89 ♂ N=88

NC 

N=54

Included after GA 20 weeks: 3

Blood sample not taken at delivery: 73

ART 

N=35

NC 

N=48

ART

N=40

1b
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Twin girls versus singleton girls (see appendix table A2)

At 20 weeks of gestation mothers of girl-girl twins had higher E1 (p=0.000), E2 (p=0.000), E3 

(p=0.000), P (p=0.000) and T (p=0.006) concentrations. At time of delivery ADION (p=0.006) 

and DHEA (p=0.000) were lower and P (p=0.001) was higher in the twin mothers. In cord 

blood of twin neonates E1, ADION and FSH concentrations were lower in the twin girls. 

Figure 3 Median androgen (ADION, DHEA and testosterone) concentrations in singletons and twins 
at mid-gestation and time of delivery in maternal serum and in umbilical cord blood. * indicates 
significantly different androgen concentrations between twins and singletons.
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Figure 2 Median estrogen (E1, E2 and E3) and progesterone (P) concentrations in singletons and 
twins at mid-gestation and time of delivery in maternal serum and in umbilical cord blood. * indicates 
significantly different concentrations between twins and singletons. 
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Twin boys versus singleton boys (see appendix table A3)

At 20 weeks of gestation mothers of boy-boy twins had higher estrogen (E1, E2 and E3 

(all p=0.000)), androgen (ADION (p=0.017), DHEA (p=0.042), T (p=0.004)) and P (p=0.000) 

levels. At delivery they had higher E1 (p=0.000), E2 (p=0.001), E3 (p=0.001) and P (p=0.000) 

concentrations. In cord blood of twin boys there were lower E1 (p=0.006), FSH (p=0.024), 

LH (p=0.006), P (p=0.009) and inhibin B (p=0.013) and higher T (p=0.003) concentrations 

compared to singleton boys. At six weeks of age urinary FSH levels were higher in the twin 

boys irrespective of zygosity (p=0.041). 

Dizygotic versus monozygotic twins (see appendix tables A4, A5 and A6)

In maternal blood there were no significant differences in estrogen and androgen 

concentrations between DZ and MZ twins. In cord blood E3 (p=0.037) was higher in the 

DZ neonates. When gender was taken into account DZ twin girls had lower FSH (p=0.022) 

and higher E3 (p=0.045) concentrations in cord blood compared to MZ twin girls. The only 

observed difference in the boys was that DZ twin boys had smaller testicular volumes 

(p=0.011).

Opposite-sex (OS) twins versus DZ same-sex twins (see figure 4 and appendix tables A7 

and A8)

Apart from higher E3 (p=0.022) concentrations at time of delivery in mothers of opposite-sex 

twins compared to mothers of DZ girl-girl twins we found no differences in girls with a twin 

brother. Boys with a female co-twin showed significantly lower LH (p=0.015) and inhibin B 

(p=0.024) levels in cord blood compared to boys with twin brothers and their mothers were 

found to have lower P (p=0.042) concentrations at mid-pregnancy. 

Discussion

This is the first study that focussed on the measurement of the full array of reproduction-

related hormones in maternal serum during gestation and in cord blood, in urine and 

testicular volumes at 6 weeks, in twins and singleton controls. Existing literature allegedly 

reported a number of effects in relation to prenatal hormone exposure 13,23. Considering the 

controversy in literature, we aimed to answer two important pending questions.

The first question we wanted to address was: do hormonal profiles (estrogens, progesterone 

and androgens) during gestation and after birth differ between the twin and a singleton 

pregnancy? 

Figure 4 mean LH, FSH, testosterone and inhibin B concentrations in twin vs. singleton boys, DZ vs. MZ 
twin boys and DZ same-sex vs. DZ opposite-sex twin boys. TB = twin boy, SB = singleton boy, DZB = DZ 
twin boy, MZB = MZ twin boy, DZSSB = DZ same-sex twin boy, DZOSB = DZ opposite-sex twin boy. * 
indicates significantly different concentrations between twins and singletons, MZ and DZ twin boys or 
DZ same-sex and opposite-sex twin boys.
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focused on the testosterone transfer hypothesis (TTT) which suggests masculinisation of the 

female fetus in opposite-sex twins 27. Our study did not show indications of higher androgen 

concentrations in girls of an opposite sex twin compared to DZ same-sex twin girls neither 

in maternal nor in umbilical cord blood. We speculate that the overwhelming placental 

capacity to aromatize could explain this observation. However, male type behaviour 28 and 

other masculinising effects reported in opposite-sex twin girls 17,29-31 may result from subtle 

differences that we could not measure at time of birth and/or that were present in earlier 

stages of the pregnancy. We did observe however, that boys of an opposite-sex twin have 

lower LH and inhibin B concentrations compared to DZ twin boys with a brother as a co-twin. 

So it seems that the female co-twin is somehow able to influence the hypothalamic-pituitary-

testicular axis of her brother via central inhibition. Which endocrine compounds in opposite-

sex twin pregnancies are responsible for this is unknown. A stronger estrogenic milieu as a 

result of the female co-twin is unlikely since estrogens were not found to be higher in the 

opposite-sex twin boys. This is in line with the general assumption that fetal ovaries are 

virtually inactive with regard to steroid hormone production at time of birth 32. There seems 

to be no indication that fetal testicular tissue produces significant amounts of estrogens itself. 

Actually, from our study it appears that in the twins some overall central suppression of the 

reproductive axis is present. Girls in twin pregnancies have lower FSH in cord blood and boys 

have lower FSH and LH concentrations compared to singletons. At present we cannot point 

to any specific known mechanism and these findings therefore merit further research. Higher 

urinary FSH concentrations in six weeks old twin boys compared to singleton boys might 

result from the vanished co-twin related suppression.  

A main issue still remains that up to now we are unable to measure hormonal concentrations 

directly in the fetus during gestation, without risks for the ongoing pregnancy. Measurement 

of available proxy biomarkers (maternal serum, umbilical cord blood) might not give a 

proper reflection of what really happens within the fetal compartment. It should be realized 

that cord blood will only reflect concentrations at one point in time in a very dynamic 

feedback environment with outcomes that follow previous unobserved events. Cord blood 

concentrations might not properly reflect fetal steroid exposure during pregnancy, especially 

not during critical periods in (early) pregnancy which determine future gonadal function and 

play aI role in programming for diseases later in life 33. Furthermore, receptor presence and 

activity along the reproductive axis during fetal development also remains unclear. Follow-up 

of our cohort might shed light on questions such as behavioural differences in opposite-sex 

twin children which could be linked to their hormonal profiles at birth.

Estrogens and progesterone

Mothers of twins have roughly 1.5 times higher concentrations of estrogens and 

progesterone, both during gestation and at time of the delivery, as compared to mothers of 

singletons. We assumed that the larger placental volume, hence an increased total steroid 

producing capacity in mothers carrying a twin, accounts for this 24. Remarkably, we found 

both estrogens and progesterone to be lower in the umbilical cord blood of twin children, 

which confirms a similar observation in a small series of twins 13. Our hypothetical explanation 

is that with a twin pregnancy there is an increased total mass of placental hormone 

production, but a much larger fold increase in fetal blood volume compared to that of the 

mother resulting in lower concentrations in each fetus and higher concentrations in the 

mother. Our data strongly challenge the general assumption that maternal serum levels of 

these hormones are a reflection of actual fetal exposure. We found no significant differences 

in concentrations of the various estrogens and progesterone between mothers of MZ and 

DZ twins at mid-gestation or at time of delivery. However, in cord blood DZ twin neonates 

have higher concentrations of E3 probably due to a larger placenta in DZ twins 24,25. These 

observations may strengthen the earlier reported elevated estrogen exposure and higher risk 

of breast and testicular cancer in DZ twins compared to MZ twins 4. 

Androgens

We found higher androgen concentrations at mid-pregnancy in mothers of twins compared 

to singletons, at time of delivery however androgens were significantly lower in maternal 

blood. As up to 90% of aromatase activity in late pregnancy is attributed to the placenta , 

we speculate that the larger placenta in twins posses more aromatase activity allowing 

more conversion of androgens into estrogens eventually resulting in lower serum androgen 

concentrations in twin mothers 26. In cord blood of twin girls ADION was lower in comparison 

with singleton controls. However, in twin compared to singleton boys ADION was not lower 

and T was even higher. We have to consider that our measurements are a cross-section at 

a certain time point in a very dynamic feedback system, so our results might reflect more 

prominent Leydig cell activity at time of birth. In turn this exerts more negative feedback at 

hypothalamic pituitary levels and as a consequence LH and FSH secretion decreases, which 

results in lower inhibin B secretion from the Sertoli cells. 

The second main question we wanted to answer was: are reproductive endocrine profiles at 

birth of a newborn female twin influenced by their male co-twin and vice versa?

The issue of the possible influence of a twin of a certain sex on the hormonal status of a co-

twin of the other sex during gestation has been and is still a matter of debate. Much research 
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Appendix

Figure A1 The range of gestational ages at birth according to zygosity.

Table 2 Total group of twins versus total group of singletons

Twins Singletons Median Adjusted model
Mean SD Mean SD Twins Single

tons
B p

Maternal serum mid-gestation
E1 (pg/ml) ↑ 6451.9 4170 4158.5 2542 5640 3640 0.439 0.000*

E2 (pg/ml) ↑ 11223.2 3896 6531.3 2537 10800 6000 0.548 0.000*

E3 (pg/ml) ↑ 3814.3 1346 2097.7 618 3580 2060 0.579 0.000*

A (ng/ml) ↑ 1.49 1.0 1.29 0.9 1.2 1.1 0.140 0.016*

D (ng/ml) 3.37 2.5 2.94 1.7 2.8 2.6 0.060 0.313

T (ng/ml) ↑ 0.75 0.5 0.61 0.4 0.6 0.5 0.198 0.001*

P (nmol/L) ↑ 233.5 73 132.2 38 225 125 0.573 0.000*

Maternal serum delivery
E1 (pg/ml) ↑ 12660.9 10673 8573.6 5481 9900 7435 0.264 0.013*

E2 (pg/ml) 14989.3 13051 9568.5 7844 10500 7140 0.294 0.071

E3 (pg/ml) ↑ 9314.9 11835 6092.3 11728 4200 2600 0.449 0.035*

A (ng/ml) ↓ 1.77 2.1 2.11 2.1 1.3 1.7 -0.209 0.011*

D (ng/ml) ↓ 5.55 4.3 7.37 5.3 4.4 6.4 -0.236 0.013*

T (ng/ml) 1.15 1.5 1.14 1.2 0.7 0.9 -0.046 0.576

P (nmol/L) ↑ 438.1 363 267.0 391 334 172 0.557 0.000*

Umbilical cord blood
E1 (pg/ml) ↓ 13278.4 12856 19846.9 14454 9740 15750 -0.578 0.000*

E2 (pg/ml) ↓ 6573.3 6162 7930.6 5233 4947 64220 -0.316 0.012*

E3 (pg/ml) 50904.1 29829 54871.7 21698 47100 55974 -0.054 0.446

A (ng/ml) ↓ 0.50 0.8 0.73 2.1 0.3 0.5 -0.256 0.009*

D (ng/ml) 3.37 3.2 4.18 4.8 2.2 2.5 -0.033 0.759

0

1
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3

4

31 33 35 37 39 41 43

gestational age (weeks)

Singleton

DZ

MZ

Strengths and weaknesses

Aside from its prospective focus on twins a particular strength of our study is that for 

measuring steroid hormone concentrations we mostly used the LC-MS/MS technique 

now being considered as state of the art 34-37. Furthermore, we performed strict control for 

zygosity mostly through DNA testing and otherwise via ultrasound in first trimester, ART 

data and parental information on physiological appearance. This information can account 

for an accuracy of 96% compared to DNA 38. We performed robust control for all previously 

reported possible confounders such as maternal age, ethnicity, smoking, BMI, parity, mode 

of conception 39, gestational age, sex of the baby 40, mode of delivery 13,41 and birth weight. 

Collected cord blood was mixed arterial and venous blood, which was inevitable because 

otherwise the amount of cord blood would not have been sufficient for measuring all these 

hormones. Although there are indications that hormone concentrations differ between 

arterial and venous cord blood samples 42,43 there is also a sufficient amount of data that allow 

for mixture as it does not alter concentrations significantly 44. 

In conclusion, we found that mothers pregnant with a twin have higher estrogen (E1, E2 and 

E3) and progesterone concentrations. Surprisingly, in their babies steroid concentrations 

were lower compared to singletons. So, in contrast to what is generally assumed, children 

from a twin are not overexposed to sex steroid hormones at time of birth. Furthermore, the 

hypothalamic-pituitary-gonadal axis in twin children seems to be under central inhibition, 

particularly in boys.  
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Table 3 Twin girl (♀♀) versus singleton girl (♀)

Twins Singletons Median Adjusted model
Mean SD Mean SD Twins Single

tons 
B P

Maternal serum mid-gestation
E1 (pg/ml) ↑ 6535.2 4027 4313.7 2852 5490 3670 0.443 0.000*

E2 (pg/ml) ↑ 11181.6 3889 6664.5 2805 10500 5990 0.545 0.000*

E3 (pg/ml) ↑ 3782.7 1227 2070.3 615 3580 2030 0.602 0.000*

A (ng/ml) 1.49 1.0 1.32 0.9 1.3 1.1 0.094 0.156

D (ng/ml) 3.27 2.3 3.14 1.6 2.8 2.8 -0.026 0.664

T (ng/ml) ↑ 0.76 0.5 0.62 0.5 0.6 0.5 0.183 0.006*

P (nmol/L) ↑ 227.1 72 128.0 38 212 119 0.573 0.000*

Maternal serum delivery
E1 (pg/ml) 12281.8 11651 9393.7 5645 9405 8335 0.032 0.814

E2 (pg/ml) 13798.7 12994 10548.4 8196 9675 8210 -0.031 0.881

E3 (pg/ml) 7422.2 9067 4814.5 5190 2435 2540 -0.011 0.966

A (ng/ml) ↓ 1.81 2.6 2.20 2.3 1.3 1.8 -0.256 0.006*

D (ng/ml) ↓ 5.78 4.3 8.35 5.1 4.4 7.4 -0.458 0.000*

T (ng/ml) 1.20 1.8 1.22 1.4 0.8 0.9 -0.050 0.599

P (nmol/L) ↑ 375.7 287 218.4 155 298 173 0.464 0.001*

Umbilical cord blood
E1 (pg/ml) ↓ 12450.5 12267 22528.3 16453 9740 18200 -0.729 0.001*

E2 (pg/ml) 6357.0 6700 8414.2 5341 4610 6772 -0.345 0.101

E3 (pg/ml) 49861.6 22422 54831.6 21998 48200 55215 -0.085 0.480

A (ng/ml) ↓ 0.52 0.9 0.96 2.9 0.3 0.5 -0.473 0.004*

D (ng/ml) 3.83 3.7 5.4 6.0 2.5 3.4 -0.195 0.316

T (ng/ml) 0.12 0.1 0.16 0.3 0.1 0.1 -0.273 0.136

P (nmol/L) 1986.0 1614 2159.0 1265 1490 1778 -0.128 0.323

FSH (IU/L) ↓ 0.17 0.4 0.08 0.04 0.1 0.1 -0.395 0.002*

LH (IU/L) 0.11 0.2 0.08 0.05 0.1 0.1 -0.153 0.096

AMH (ug/L) 3.1 9 1.6 2 1 1 -0.033 0.844

Inh A (ng/L) 45.6 94 61.8 227 26 26 -0.084 0.580

Inh B (ng/L) 23.7 22 21.1 10 18 18 -0.113 0.195

Urine
FSH (IU/L) 5.10 9.7 2.10 2.4 2.2 1.3 0.002 0.993

LH (IU/L) 0.22 0.2 0.20 0.2 0.2 0.2 -0.144 0.320

Table 3 demonstrates mean (SD), median and hormone comparisons for all measured hormones in 
maternal serum (mid-gestation and delivery), cord blood and urine at 6 weeks of age for the total 
group of twin girls compared to singleton girls. B = regression coefficient and p = p-value, * indicates 
a significant difference which is also demonstrated by the arrows in the second column (↑ higher in 
twin girls, ↓ lower in twin girls). E1 = estrone, E2 = estradiol, E3 = estriol, A = androstenedione, D = 
dehydroepiandrosterone, T = testosterone, P = progesterone, FSH = follicle-stimulating hormone, LH = 
luteinizing hormone, AMH = Anti-Mullerian hormone, Inh A = inhibin A, Ihn B = inhibin B.

Table 2 continued

Twins Singletons Median Adjusted model
Mean SD Mean SD Twins Single

tons
B p

P (nmol/L) ↓ 2056.5 1525 2232.5 1294 1621 1940 -0.192 0.019*

FSH (IU/L) 0.26 0.4 0.23 0.3 0.1 0.1 -0.187 0.161

LH (IU/L) 0.61 1.2 0.65 1.7 0.1 0.1 -0.162 0.379

AMH (ug/L) 24.5 33 20.7 26 10 6 0.452 0.083

Inh A (ng/L) 50.7 131 49.7 168 26 26 -0.054 0.566

Inh B (ng/L) 69.9 62 66.9 57 50 42 0.077 0.552

Urine
FSH (IU/L) 2.75 6.7 1.36 1.8 1.1 0.7 0.130 0.362

LH (IU/L) 0.36 0.4 0.28 0.3 0.2 0.2 0.056 0.608

Table 2 demonstrates the mean (SD), median and hormone comparisons for all measured hormones in 
maternal serum (mid-gestation and delivery), cord blood and urine at 6 weeks of age for the total group 
of twins compared to singletons. B = regression coefficient and p = p-value, * indicates a significant 
difference which is also demonstrated by the arrows in the second column (↑ higher in twins, ↓ lower in 
twins). E1 = estrone, E2 = estradiol, E3 = estriol, A = androstenedione, D = dehydroepiandrosterone, T = 
testosterone, P = progesterone, FSH = follicle-stimulating hormone, LH = luteinizing hormone, AMH = 
Anti-Mullerian hormone, Inh A = inhibin A, Inh B = inhibin B.
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Table 5 Total group of DZ twins versus MZ twins

DZ MZ Median Adjusted model
Mean SD Mean SD DZ MZ B P

Maternal serum mid-gestation
E1 (pg/ml) 6265.3 3768 7379.1 5751 5490 6280 -0.066 0.640

E2 (pg/ml) 11085.9 3931 11905.9 3696 10700 11550 -0.105 0.205

E3 (pg/ml) 3786.6 1274 3952.4 1674 3620 3325 0.012 0.879

A (ng/ml) 1.52 1.0 1.34 0.7 1.2 1.2 -0.002 0.990

D (ng/ml) 3.41 2.6 3.18 1.9 2.8 2.4 0.084 0.471

T (ng/ml) 0.77 0.6 0.67 0.3 0.6 0.6 0.015 0.903

P (nmol/L) 232.8 72 237.0 81 225 225 -0.029 0.671

Maternal serum delivery
E1 (pg/ml) 12837.7 10913 11899.9 9692 9880 9980 0.057 0.815

E2 (pg/ml) 14923.4 13075 15272.7 13142 10550 10400 0.039 0.915

E3 (pg/ml) 9723.2 12422 7557.9 8817 4315 2460 0.480 0.273

A (ng/ml) 1.80 2.3 1.63 1.0 1.2 1.4 0.022 0.895

D (ng/ml) 5.57 4.3 5.45 4.2 4.5 4.1 0.030 0.867

T (ng/ml) 1.16 1.7 1.07 0.6 0.7 1.0 -0.058 0.728

P (nmol/L) 443.1 377 418.3 304 328 347 -0.113 0.636

Umbilical cord blood
E1 (pg/ml) 12972.9 12295 14607.3 15100 9520 9965 0.082 0.686

E2 (pg/ml) 6614.9 6298 6392.3 5575 4900 5080 0.130 0.491

E3 (pg/ml) ↑ 52227.8 31395 45146.3 20994 49400 40906 0.180 0.037*

A (ng/ml) 0.47 0.6 0.64 1.4 0.4 0.3 0.028 0.830

D (ng/ml) 3.39 3.2 3.29 3.5 2.2 2.1 0.163 0.304

T (ng/ml) 0.22 0.3 0.19 0.2 0.2 0.1 0.060 0.688

P (nmol/L) 2007.7 1457 2264.6 1784 1615 1860 -0.123 0.283

FSH (IU/L) 0.24 0.3 0.35 0.6 0.1 0.2 -0.134 0.444

LH (IU/L) 0.64 1.3 0.49 0.7 0.1 0.2 0.109 0.639

AMH (ug/L) 24.0 32 27.1 34 10 9 0.084 0.794

Inh A (ng/L) 50.7 139 50.4 92 26 26 -0.021 0.863

Inh B (ng/L) 67.1 55 82.4 85 47 64 -0.053 0.752

Urine
FSH (IU/L) 2.68 7.0 3.08 5.3 1.1 1.2 0.078 0.712

LH (IU/L) 0.37 0.5 0.30 0.3 0.2 0.2 0.287 0.070

Table 5 demonstrates the mean and standard deviation (SD) for all measured hormones in 
maternal serum (mid-gestation and delivery), cord blood and urine at 6 weeks of age for the total 
group of DZ twins compared to MZ twins. B = regression coefficient and p = p-value, * indicates a 
significant difference which is also demonstrated by the arrows in the second column (↑ higher in 
DZ twins, ↓ lower in DZ twins). E1 = estrone, E2 = estradiol, E3 = estriol, A = androstenedione, D = 
dehydroepiandrosterone, T = testosterone, P = progesterone, FSH = follicle-stimulating hormone, LH = 
luteinizing hormone, AMH = Anti-Mullerian hormone, Inh A = inhibin A, Inh B = inhibin B.

Table 4 Twin boy (♂♂) versus singleton boy (♂)

Twins Singletons Median Adjusted model
Mean SD Mean SD Twins Single

tons
B P

Maternal serum mid-gestation
E1 (pg/ml) ↑ 6397.3 4368 3904.3 2169 5685 3465 0.471 0.000*

E2 (pg/ml) ↑ 11333.1 3938 6324.5 2233 11350 5985 0.571 0.000*

E3 (pg/ml) ↑ 3878.0 1476 2126.9 620 3610 2125 0.567 0.000*

A (ng/ml) ↑ 1.49 1.0 1.25 0.9 1.2 1.0 0.172 0.017*

D (ng/ml) ↑ 3.51 2.7 2.70 1.7 2.8 2.2 0.164 0.042*

T (ng/ml) ↑ 0.75 0.6 0.60 0.4 0.6 0.5 0.205 0.004*

P (nmol/L) ↑ 237.9 75.1 135.9 36.4 229 131 0.572 0.000*

Maternal serum at delivery
E1 (pg/ml) ↑ 13019.0 9647 7686.9 5218 10600 6270 0.523 0.000*

E2 (pg/ml) ↑ 16113.8 13004 8594.3 7417 12250 6000 0.668 0.001*

E3 (pg/ml) ↑ 11102.4 13714 7453.6 15859 5301 2600 0.903 0.001*

A (ng/ml) 1.73 1.5 2.02 1.7 1.4 1.6 -0.162 0.117

D (ng/ml) 5.34 4.2 6.39 5.3 4.5 4.6 0.015 0.901

T (ng/ml) 1.08 1.2 1.05 0.9 0.7 0.8 -0.039 0.694

P (nmol/L) ↑ 500.3 415 316.3 526 400 166 0.635 0.000*

Umbilical cord blood
E1 (pg/ml) ↓ 14051.5 13373 17280.5 11632 9690 13700 -0.406 0.006*

E2 (pg/ml) 6775.2 5626 7466.5 5133 5090 6120 -0.235 0.105

E3 (pg/ml) 51877.6 35418 54818.7 21624 45966 56454 -0.048 0.563

A (ng/ml) 0.49 0.7 0.50 0.3 0.4 0.4 -0.081 0.438

D (ng/ml) 2.93 2.6 2.93 2.8 1.9 2.0 0.215 0.142

T (ng/ml) ↑ 0.30 0.3 0.20 0.1 0.2 0.2 0.372 0.003*

P (nmol/L) ↓ 2121.5 1440 2316.2 1327 1870 2011 -0.264 0.009*

FSH (IU/L) ↓ 0.34 0.3 0.37 0.3 0.3 0.2 -0.374 0.024*

LH (IU/L) ↓ 1.07 1.5 1.18 2.2 0.6 0.5 -0.605 0.006*

AMH (ug/L) 44.7 34 39.7 25 40 37 -0.145 0.371

Inh A (ng/L) 55.4 159 37.8 70 26 26 -0.012 0.919

Inh B (ng/L) ↓ 112.7 56 111.6 49 106 105 -0.229 0.013*

Urine
FSH (IU/L) ↑ 0.95 0.6 0.72 0.4 0.8 0.6 0.233 0.041*

LH (IU/L) 0.46 0.5 0.36 0.4 0.3 0.3 0.091 0.509

Ultrasound
Testicular 
volume (cc)

0.38 0.1 0.43 0.1 0.4 0.4 -0.000 0.988

Table 4 demonstrates the mean (SD), median and hormone comparisons for all measured hormones in 
maternal serum (mid-gestation and delivery), cord blood, urine and testicular volume at 6 weeks of age 
for the total group of twin boys compared to singleton boys. B = regression coefficient and p = p-value, 
* indicates a significant difference which is also demonstrated by the arrows in the second column (↑ 
higher in twin boys, ↓ lower in twin boys). E1 = estrone, E2 = estradiol, E3 = estriol, A = androstenedione, 
D = dehydroepiandrosterone, T = testosterone, P = progesterone, FSH = follicle-stimulating hormone, LH 
= luteinizing hormone, AMH = Anti-Mullerian hormone, Inh A = inhibin A, Inh B = inhibin B.
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Table 7 DZ twin boys versus MZ twin boys

DZ MZ Median Adjusted model
Mean SD Mean SD DZ MZ B P

Maternal serum mid-gestation
E1 (pg/ml) 6556.0 4210 6838.8 6342 6110 5940 0.994 0.708

E2 (pg/ml) 11454.3 3662 11455.6 3911 11400 10550 -0.085 0.561

E3 (pg/ml) 3903.8 1368 4002.5 2107 3680 3250 -0.016 0.915

A (ng/ml) 1.57 1.1 1.47 0.7 1.2 1.3 -0.287 0.179

D (ng/ml) 3.64 2.8 2.98 1.9 2.6 2.1 0.075 0.791

T (ng/ml) 0.81 0.7 0.70 0.3 0.6 0.7 -0.201 0.358

P (nmol/L) 239.9 51 249.8 105 238 232 0.005 0.959

Maternal serum delivery
E1 (pg/ml) 14165.5 10140 11980.6 9338 12350 10200 0.360 0.440

E2 (pg/ml) 16934.8 13711 17251.9 12041 13750 16400 0.637 0.359

E3 (pg/ml) 13781.2 17764 10104.5 9270 7505 9260 1.55 0.123

A (ng/ml) 1.68 1.9 2.08 1.2 1.1 2.0 -0.699 0.053

D (ng/ml) 5.47 5.1 4.91 3.0 4.3 4.1 -0.194 0.672

T (ng/ml) 1.11 1.6 1.20 0.7 0.7 1.3 -0.664 0.071

P (nmol/L) 574.9 532 509.8 312 466 449 0.205 0.651

Umbilical cord blood
E1 (pg/ml) 15198.2 15319 18134.0 15603 10100 14606 -0.172 0.544

E2 (pg/ml) 8043.2 7198 7494.8 4823 5560 6483 0.039 0.877

E3 (pg/ml) 55321.3 50476 49573.1 21646 45831 43391 0.061 0.659

A (ng/ml) 0.60 1.0 0.55 0.7 0.4 0.4 -0.036 0.860

D (ng/ml) 2.87 2.6 2.70 3.2 2.1 1.6 0.416 0.091

T (ng/ml) 0.39 0.5 0.26 0.2 0.3 0.2 0.159 0.452

P (nmol/L) 2166.8 1548 2573.8 1481 1671 2045 -0.236 0.116

FSH (IU/L) 0.39 0.4 0.28 1.2 0.3 0.2 0.326 0.174

LH (IU/L) 1.30 2.0 0.87 0.8 0.7 0.6 0.460 0.125

AMH (ug/L) 43.4 26 52.4 31 40 52 -0.142 0.480

Inh A (ng/L) 44.1 73 39.4 51 26 26 0.125 0.483

Inh B (ng/L) 116.6 44 142.3 82 107 113 -0.060 0.575

Urine
FSH (IU/L) 0.96 0.6 1.07 0.6 0.8 0.9 -0.021 0.922

LH (IU/L) 0.52 0.5 0.34 0.4 0.3 0.2 0.395 0.088

Ultrasound
Testicular 
volume (cc)

↓ 0.34 0.1 0.42 0.2 0.3 0.4 -0.119 0.011*

Table 7 demonstrates the mean (SD), median and hormone comparisons for all measured hormones in 
maternal serum (mid-gestation and delivery), cord blood, urine and testicular volume at 6 weeks of age for 
the total group of DZ twin boys compared to MZ twin boys. B = regression coefficient and p = p-value, * 
indicates a significant difference which is also demonstrated by the arrows in the second column (↑ higher 
in DZ twin boys, ↓ lower in DZ twin boys). E1 = estrone, E2 = estradiol, E3 = estriol, A = androstenedione, D 
= dehydroepiandrosterone, T = testosterone, P = progesterone, FSH = follicle-stimulating hormone, LH = 
luteinizing hormone, AMH = Anti-Mullerian hormone, Inh A = inhibin A, Inh B = inhibin B.

 Table 6 DZ twin girls versus MZ twin girls

DZ MZ Median Adjusted model
Mean SD Mean SD DZ MZ B P

Maternal serum mid-gestation
E1 (pg/ml) 6665.1 3716 7800.6 5633 5850 5955 -0.381 0.088

E2 (pg/ml) 11123.2 3579 12275.0 3632 10400 121500 -0.254 0.050

E3 (pg/ml) 3778.1 1161 3940.6 1302 3660 3550 -0.141 0.317

A (ng/ml) 1.74 1.2 1.15 0.5 1.3 1.2 0.187 0.373

D (ng/ml) 3.12 1.8 3.34 2.1 2.7 3.0 -0.019 0.907

T (ng/ml) 0.89 0.6 0.62 0.3 0.7 0.6 0.068 0.739

P (nmol/L) 220.6 66 225.0 51 205 207 -0.017 0.881

Maternal serum delivery
E1 (pg/ml) 12712.4 14799 11814.2 10361 9750 9465 -0.367 0.434

E2 (pg/ml) 13655.6 13077 13169.8 14306 9200 8145 -0.264 0.709

E3 (pg/ml) 7775.8 8998 4852.2 7684 3290 971 0.415 0.591

A (ng/ml) 2.35 3.9 1.15 0.5 1.4 1.2 0.351 0.213

D (ng/ml) 6.17 4.6 6.03 5.2 4.9 4.0 -0.155 0.647

T (ng/ml) 1.45 2.7 0.93 0.4 0.8 0.9 0.059 0.838

P (nmol/L) 368.8 296 328.9 279 237 300 -0.131 0.773

Umbilical cord blood
E1 (pg/ml) 13321.7 10835 11080.6 13954 10900 6320 0.497 0.200

E2 (pg/ml) 6250.4 4797 5289.9 6120 5495 3485 0.331 0.391

E3 (pg/ml) ↑ 52631.0 22441 40719.4 19688 51083 36850 0.315 0.045*

A (ng/ml) 0.47 0.3 0.74 1.8 0.4 0.2 0.181 0.469

D (ng/ml) 3.79 3.6 3.87 3.8 2.4 2.6 -0.201 0.347

T (ng/ml) 0.11 0.1 0.11 0.2 0.1 0.1 -0.038 0.855

P (nmol/L) 2128.1 1924 1945.0 2028 1580 1128 0.113 0.577

FSH (IU/L) ↓ 0.10 0.2 0.42 0.8 0.1 0.1 -0.418 0.022*

LH (IU/L) 0.08 0.0 0.09 0.1 0.1 0.1 -0.097 0.169

AMH (ug/L) 1.1 0.8 1.0 0.0 1 1 0.011 0.572

Inh A (ng/L) 48.6 122 61.9 120 26 26 -0.271 0.216

Inh B (ng/L) 18.6 3 20.4 9 18 18 -0.093 0.205

Urine
FSH (IU/L) 6.48 13.9 6.55 7.6 2.1 3.0 0.040 0.938

LH (IU/L) 0.21 0.2 0.22 0.3 0.2 0.1 0.147 0.542

Table 6 demonstrates the mean (SD), median and hormone comparisons for all measured hormones 
in maternal serum (mid-gestation and delivery), cord blood and urine at 6 weeks of age for the total 
group of DZ twin girls compared to MZ twin girls. B = regression coefficient and p = p-value, * indicates 
a significant difference which is also demonstrated by the arrows in the second column (↑ higher in DZ 
twin girls, ↓ lower in DZ twin girls). E1 = estrone, E2 = estradiol, E3 = estriol, A = androstenedione, D = 
dehydroepiandrosterone, T = testosterone, P = progesterone, FSH = follicle-stimulating hormone, LH = 
luteinizing hormone, AMH = Anti-Mullerian hormone, Inh A = inhibin A, Inh B = inhibin B.
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Table 9 Opposite-sex twin boys (♂♀) versus DZ same-sex twin boys (♂♂)

OS (♂♀) SS (♂♂) Median Adjusted model
Mean SD Mean SD OS SS B P

Maternal serum mid-gestation
E1 (pg/ml) 5383.1 2891 6595.8 4228 4860 6110 -0.131 0.363

E2 (pg/ml) 10285.6 3666 11602.9 3646 101000 11400 -0.103 0.252

E3 (pg/ml) 3514.4 1083 3945.8 1374 3580 3680 -0.040 0.633

A (ng/ml) 1.45 0.9 1.57 1.2 1.3 1.2 -0.020 0.860

D (ng/ml) 3.13 1.7 3.73 2.8 2.9 2.9 -0.077 0.576

T (ng/ml) 0.72 0.5 0.81 0.7 0.6 0.6 -0.093 0.454

P (nmol/L) ↓ 215.6 60 238.5 51 217 238 -0.125 0.042*

Maternal serum delivery
E1 (pg/ml) 10736.5 6718 14165.5 10140 8705 12350 -0.142 0.506

E2 (pg/ml) 10822.5 10393 16934.8 13711 7790 13750 -0.318 0.349

E3 (pg/ml) 5538.1 7372 13781.2 17764 1717 7505 -0.681 0.156

A (ng/ml) 1.78 1.5 1.68 1.9 1.2 1.1 0.150 0.429

D (ng/ml) 4.75 3.5 5.47 5.1 3.8 4.3 -0.034 0.873

T (ng/ml) 1.18 1.1 1.11 1.6 0.8 0.7 0.107 0.574

P (nmol/L) 345.3 240 574.9 532 299 466 -0.292 0.204

Umbilical cord blood
E1 (pg/ml) 11041.9 8876 15198.2 15319 7320 10100 -0.173 0.355

E2 (pg/ml) 5132.6 3265 8043.2 7198 4420 5560 -0.252 0.144

E3 (pg/ml) 49372.8 16619 55321.3 50476 47469 45831 0.015 0.873

A (ng/ml) 0.41 0.2 0.60 1.0 0.3 0.4 -0.110 0.391

D (ng/ml) 3.35 2.7 2.87 2.6 2.0 2.1 0.254 0.106

T (ng/ml) 0.26 0.2 0.39 0.5 0.2 0.3 -0.213 0.152

P (nmol/L) 1879.8 1253 2166.8 1548 1774 1671 -0.121 0.316

FSH (IU/L) 0.33 0.3 0.39 0.4 0.2 0.3 -0.338 0.091

LH (IU/L) ↓ 0.93 1.2 1.30 2.0 0.4 0.7 -0.605 0.015*

AMH (ug/L) 42.8 41 43.4 26 39 40 -0.191 0.319

Inh A (ng/L) 74.5 232 44.1 73 26 26 0.024 0.885

Inh B (ng/L) ↓ 96.7 46 116.6 44 99 107 -0.266 0.024*

Urine
FSH (IU/L) 0.89 0.5 0.96 0.6 0.8 0.8 0.025 0.858

LH (IU/L) 0.45 0.6 0.52 0.5 0.3 0.3 -0.111 0.505

Ultrasound
Testicular 
volume (cc)

0.38 0.1 0.34 0.1 0.4 0.3 0.040 0.086

Table 9 demonstrates the mean (SD), median and hormone comparisons for all measured hormones in 
maternal serum (mid-gestation and delivery), cord blood, urine and testicular volume at 6 weeks of age 
for the OS twin boys compared to SS twin boys. B = regression coefficient and p = p-value, * indicates 
a significant difference which is also demonstrated by the arrows in the second column (↑ higher in OS 
twin boys, ↓ lower in OS twin boys). E1 = estrone, E2 = estradiol, E3 = estriol, A = androstenedione, D = 
dehydroepiandrosterone, T = testosterone, P = progesterone, FSH = follicle-stimulating hormone, LH = 
luteinizing hormone, AMH = Anti-Mullerian hormone, Ihn A = inhibin A, In B = inhibin B.

Table 8 Opposite-sex twin girls (♀♂) versus DZ same-sex twin girls (♀♀)

OS (♀♂) SS (♀♀) Median Adjusted model
Mean SD Mean SD OS SS B P

Maternal serum mid-gestation
E1 (pg/ml) 6606.8 4206 6665.1 3716 5325 5850 0.121 0.429

E2 (pg/ml) 11583.4 4843 11123.2 3579 11600 10400 0.105 0.242

E3 (pg/ml) 4004.5 1471 3778.1 1161 3615 3660 0.161 0.060

A (ng/ml) 1.34 0.8 1.74 1.2 1.1 1.3 -0.205 0.134

D (ng/ml) 3.76 3.7 3.12 1.8 2.8 2.7 0.081 0.412

T (ng/ml) 0.68 0.4 0.89 0.6 0.6 0.7 -0.243 0.067

P (nmol/L) 253.4 102 220.6 66 241 205 0.149 0.077

Maternal serum delivery
E1 (pg/ml) 14012.9 11571 12712.4 14799 9555 9750 0.357 0.307

E2 (pg/ml) 18929.0 14193 13655.6 13077 14700 9200 0.836 0.078

E3 (pg/ml) ↑ 12083.2 11111 7775.8 8998 6990 3290 1.134 0.022*

A (ng/ml) 1.43 1.0 2.35 3.9 1.2 1.4 -0.340 0.084

D (ng/ml) 6.14 3.9 6.17 4.6 5.0 4.9 0.103 0.615

T (ng/ml) 0.89 0.7 1.45 2.7 0.7 0.8 -0.347 0.069

P (nmol/L) 498.7 337 368.8 296 515 237 0.465 0.165

Umbilical cord blood
E1 (pg/ml) 12349.5 12911 13321.7 10835 9228 10900 -0.051 0.814

E2 (pg/ml) 6997.4 8333 6250.4 4797 4789 5495 0.118 0.579

E3 (pg/ml) 51614.7 23144 52631.0 22441 51300 51084 -0.021 0.852

A (ng/ml) 0.40 0.3 0.47 0.3 0.3 0.4 -0.121 0.367

D (ng/ml) 3.62 3.6 3.79 3.6 2.3 2.4 0.060 0.733

T (ng/ml) 0.11 0.1 0.11 0.1 0.1 0.1 -0.042 0.800

P (nmol/L) 1869.3 1016 2128.1 1924 1548 1580 -0.068 0.580

FSH (IU/L) 0.11 0.1 0.10 0.2 0.1 0.1 -0.016 0.891

LH (IU/L) 0.11 0.2 0.08 0.0 0.1 0.1 0.041 0.648

AMH (ug/L) 4.3 10 1.1 1 1 1 0.282 0.131

Inh A (ng/L) 34.7 38 48.6 122 26 26 -0.353 0.749

Inh B (ng/L) 26.1 25 18.6 3 18 18 0.108 0.173

Urine
FSH (IU/L) 3.61 5.3 6.48 13.9 2.1 2.1 -0.146 0.587

LH (IU/L) 0.23 0.2 0.21 0.2 0.2 0.2 0.203 0.118

Table 8 demonstrates the mean (SD), median and hormone comparisons for all measured hormones in 
maternal serum (mid-gestation and delivery), cord blood and urine at 6 weeks of age for OS twin girls 
compared to SS twin girls. B = regression coefficient and p = p-value, * indicates a significant difference 
which is also demonstrated by the arrows in the second column (↑ higher in OS twin girls, ↓ lower in OS 
twin girls). E1 = estrone, E2 = estradiol, E3 = estriol, A = androstenedione, D = dehydroepiandrosterone, T 
= testosterone, P = progesterone, FSH = follicle-stimulating hormone, LH = luteinizing hormone, AMH = 
Anti-Mullerian hormone, Inh A = inhibin A, Inh B = inhibin B.
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