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BACKGROUND: FSH hypersecretion occurs in mothers of dizygotic (DZ) twins. Twinning is inherited via both
sexes and transmitted through the female. FSH hypersecretion may thus occur in male DZ twins. METHODS: We
assayed FSH and its counter-regulatory hormone, Inhibin B, in 108 adult male DZ and 100 monozygotic (MZ) twins
(as controls) and compared our results to published norms. RESULTS: Inhibin B was elevated and higher in DZ
compared with MZ twins with similar FSH. CONCLUSION: The normal FSH: Inhibin B endocrine feedback axis is
different in adult male DZ twins. This contributes to the theory that the answer to human DZ twinning lies in the
actions of FSH and Inhibin, and in their mutual interaction.
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Introduction

FSH stimulates spermatogenesis in the male. Infertility and
testicular germ cell cancer are associated with an elevated FSH
but a diminished level of Inhibin B as a marker of atrophy
(Jensen et al., 1997; Byrd et al., 1998). Reports that mothers
who produce familial dizygotic (DZ) twins have an elevated
FSH compared with normal controls —possibly genetically
controlled (Martin et al., 1991; Lambalk et al., 1998)—and
that male DZ twins have a two (Braun et al., 1995) to threefold
increased incidence of testicular cancers—particularly semi-
noma (Swerdlow et al., 1997a)—provided important confirma-
tory information to support the hypothesis that FSH may play a
role in the aetiology of both conditions (Oliver, 1990). This led
us to investigate FSH and Inhibin levels in twins to test the
hypothesis that gonadotropin gonadal interaction differs
between MZ and DZ twins.

Materials and methods
Serum samples were obtained from 208 individuals (54 DZ and
50 MZ twin pairs) in two voluntary twin registries (Twins UK at St
Thomas’s Hospital, London, UK, and The Sydney Adult Twin Regis-
try, Australia). The St Thomas’s Registry consists of nearly 10000
monozygous and dizygous adult caucasian twins aged 18 to 80 from
all over the UK and was started in 1993. It has an average age of
around 45, who are predominantly female and same sex, because the
diseases initially focussed on were more common in women. The

ratio of identical to non-identical twins is ∼50:50. Zygosity is ascer-
tained using the standard ‘peas in the pod’ questionnaire and, if there
is uncertainty, checked by genotyping. The Sydney Twin Study con-
sists of over 2000 monozygous and dizygous adult caucasian twins
aged 18 to 80 from all over Australia and was started in 1996. This is
a volunteer sample recruited by successive media campaigns without
selecting for particular diseases or traits. Zygosity is ascertained by
genotyping.

The male twins in this study varied from 20 to 68 years and all MZ
and DZ samples were age matched. No patient in either group was
IVF conceived. All twins joining the registry are asked to indicate
their conception status. Most twins in this study were anyway too old
to have been conceived by IVF.

Ethical approval for participation in the study was given by both
twin registries. All samples were taken by venesection between 10
and 11 am and cryopreserved for future analyses.

Assays

Assay of samples was performed in one laboratory using the follow-
ing protocol. LH and FSH were measured by immunometric (sand-
wich) method on Roche E170 (Roche Diagnostics GmbH,
Mannheim, Germany) following the manufacturer’s recommenda-
tions. Both testosterone and dehydroepiandrosterone sulphate
(DHEA-S) were measured by a competitive immunometric assay on
Roche E170 following the manufacturer’s recommendations. Sex
hormone-binding globulin (SHBG) was measured on DPC Immulite
(EURO/DPC Ltd, Glyn Rhonwy, Llanberis, Gwynedd, UK) using an
immunometric assay. Inhibin B was measured by an enzymatically
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amplified two-site two-step sandwich-type immunoassay using a
DSL-10-84100 Active Inhibin B enzyme-linked immunosorbent
assay (ELISA) kit (Diagnostic Systems Laboratories Inc., Webster,
TX, USA.).

DHEA-S and SHBG were determined using a solid-phase, compet-
itive chemiluminescent immunoassay with DPC Immulite.

Testosterone, LH and FSH were measured using a two-step sand-
wich electro chemi luminescent immunoassay (ECLIA).

Analysis of results and statistics

Linear regression models were developed to determine the effect of
MZ versus DZ twins on the response variables of interest, FSH and
Inhibin B levels. Stepwise selection methods were used to identify
possible confounding variables from the dataset and adjusted for those
found to have a significant effect on the response variables.

For FSH level, the model was adjusted for LH, DHEA-S and testo-
sterone levels, and an analysis of variance revealed no significant dif-
ference between MZ and DZ twins, (F-ratio = 0.60, P= 0.440). For
Inhibin B level, the model was adjusted for LH, SHBG and testoster-
one levels, and evidence in the data suggested a significant difference
for Inhibin B levels (F-ratio = 7.72, P= 0.006) (Fig. 1).Interactions
between variables were investigated but did not appear to alter the
results significantly. 

The appropriateness of the selected models was tested by ensuring
the data were: (i) normally distributed with a constant variance; (ii)
independent; and (iii) robust (removal of outliers did not significantly
influence results). These requirements were satisfied. However
because each group contained twin pairs, there was potential correla-
tion of values between them and a sensitivity analysis—using the
mean values of each twin pair and thus halving the sample size—was
conducted. Analysis of variance once more failed to uncover a signi-
ficant difference between FSH levels in MZ and DZ twins (F-ratio =
0.08, P = 0.772), but suggested a significant difference for Inhibin B
levels (F-ratio = 4.22, P = 0.043).

Results

FSH: Inhibin B ratio

Linear regression was conducted on a loge transformation of
the ratio FSH/Inhibin B. Investigation of the data revealed that

a transformation was needed in order to normalize the data. An
unadjusted analysis revealed no significant difference between
MZ and DZ twins, (F-ratio = 1.97, P = 0.162). Using a step-
wise selection procedure to select potentially confounding var-
iables, the analysis was adjusted accordingly. Hormone levels
of LH and testosterone were found to significantly affect the
results, but age was not found to be a confounder. The adjusted
analysis found no difference between MZ and DZ twins
(F-ratio = 1.68, P = 0.196.) With the addition of age in the
model, this remained exactly the same. Excluding outliers with
Inhibin B levels <20 pg/ ml, there was even less evidence of a
difference in ratio between MZ and DZ twins (F-ratio = 0.61,
P = 0.435). Models were checked and found to meet the
requirements of normality, homogeneity of variance and
independence.

Observed means and standard deviations can be found in
Table I, together with P values from two-tailed t-tests in order
to compare differences in the two sets of twins before adjust-
ment.

We compared hormone biochemistry between twin groups
(MZ versus DZ) (Table I) overall and across defined age
categories. The effects of age and LH, SHBG, testosterone and
DHEA-S levels on FSH and Inhibin B levels were investigated
to identify potential confounders via a stepwise selection
method. After adjustment for LH, DHEA-S and testosterone,
FSH levels were not significantly different in DZ compared
with MZ twins, [ANOVA F = 0.60, P = 0.440 (Fig. 1)]. How-
ever, levels of Inhibin B were significantly higher in the DZ
group (F = 7.72, P = 0.006) after adjustment for LH, SHBG
and testosterone.

Discussion

The peak incidence of testicular tumours occurs relatively early
at 20–40 years of age—suggesting an age-specific aetiological
factor—and has been increasing (Bergstrom et al., 1996; Power
et al., 2001; Richiardi et al., 2004a) in parallel with the
increase in male subfertility rates (Carlsen et al., 1992; Auger
et al., 1995; Irvine et al., 1996) over the past four decades. The
latter has led authors to postulate common aetiologies which
include:

(i)  toxic insults to germinal epithelium from environmental
or endogenous overexposure to transplacental estrogen (Swerdlow
et al., 1997a; Skakkebaek et al., 2001);

(ii)  testicular maldevelopment (Skakkebaek et al., 2001;
Slowikowska-Hilczer et al., 2001) and maldescent (Swerdlow
et al., 1997b; Moller et al., 1998);
(iii)  heredity (Swerdlow et al., 1997a);
(iv)  dizygotic twinning (Lambalk and Boomsma, 1998),

with which it shares a geographical distribution;
(v)  subfertility which is related both to testicular cancers

(Moller and Skakkebaek, 1999; Jacobsen et al., 2000; Richiardi
et al., 2004b) and cryptorchidism (Swerdlow et al., 1997a; de
Gouveia Brazao et al., 2003).

The syndrome of testicular dysgenesis may comprise a spec-
trum from mild subfertility to severe gonadal malformation,
often with partial sex reversal, and neoplasia (Skakkebaek
et al., 2001). There is growing evidence to suggest tumours

Figure 1. Hormone levels in monozygotic (MZ) and dizygotic (DZ)
twins (data shown as adjusted means and 95% confidence intervals).
Although still within the normal range (<400 pg/ml), DZ twins have
significantly higher Inhibin B levels than MZ twins but similar FSH
levels. P < 0.05 indicates significance of difference between MZ and
DZ groups.
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arise from persistent fetal gonocytes or carcinoma-in-situ (CIS)
(Slowikowska-Hilczer et al., 2001; (Rajpert-De Meyts et al.,
2004), whose impaired or delayed ability to differentiate into
spermatogonia—most probably caused by disturbed down-
regulation of transcription factors maintaining totipotency
(Rajpert-De Meyts et al., 2004)—are implicated in the subse-
quent sex cord tumours (Slowikowska-Hilczer et al., 2001;
Skakkebaek et al., 2003). Potential hormonal hypersecretion,
in particular that of FSH causing over-expression of mitogenic
cyclin D2, (Sicinsky et al., 1996) has been anticipated to play a
role in the aetiology of testicular carcinoma (Lambalk and
Boomsma, 1998; Slowikowska-Hilczer et al., 2001). In testicu-
lar subfertility or testicular dysgenesis, a defect in Sertoli cell
function with consequent demise of spermatogenesis could
cause both the observed decline in Inhibin B secretion and the
FSH hypersecretion (Jensen et al., 1997; Andersen et al.,
2000). In male DZ twinning, it was hypothesized that the boys/
men may have inherited from their mother the autosomal
genetic factor causing her multiple follicular growth and ovula-
tion with raised early follicular FSH levels and normal Inhibin
A and B levels (Lambalk et al., 1998). We found no such FSH
hypersecretion in the male DZ twins we studied but, to our sur-
prise, noted elevations in Inhibin B compared with male MZ
twins—even when the youngest group was excluded.

There are two possible interpretations of this finding. The
first is that the normal testicular Inhibin B feedback response to
endogenous pituitary FSH secretion (Hayes et al., 2001) is in
some way amplified or ‘over sensitive’ in male DZ twins. It is
unlikely that polymorphisms of the FSH receptor associated
with up-regulation of expression account for this over-sensitivity
since a large study of 183 sister pairs and trios (Montgomery
et al., 2001), who had all given birth to spontaneous DZ twins,
significantly excluded linkage to the region of chromosome 2
where the FSH receptor is located rather precluding FSH
receptor gene mutations as a common cause of familial DZ
twinning. It is more possible that intragonadal factors such as
BMP15 and GDF9, which increase gonadal response to FSH in
animal studies, are involved. Alternatively, since in the adult,
Inhibin B is primarily a marker of Sertoli cell function and

positively correlated with sperm count (Jensen et al., 1997;
Byrd et al., 1998), the raised Inhibin B levels in DZ twins may
rather mirror greater numbers of Sertoli cells and/or better
spermatogenesis. The normal infant pituitary gonadal axis is
far from quiescent (Andersson et al., 1998), so that relative
FSH hyperstimulation at this time might further stimulate Ser-
toli cell proliferation which, in turn, would result in higher
Inhibin B levels in later life. This explanation of maternal (and/
or fetal) FSH hyperstimulation would accord with the theory
that environmental factors operating perinatally influence male
reproductive health (Swerdlow et al., 1997a; Skakkebaek et al.,
2001). Since DZ twinning has been related to both male and
female fecundity (Tong and Short, 1998: Richiardi et al.,
2004), it may also be speculated that the male DZ twins’ off-
spring have inherited good sperm quality from their fathers—
manifest as a higher adult Inhibin B level.

Our results indicate for the first time that, in male DZ off-
spring, the endocrine activity of the pituitary-gonadal axis is
different from male MZ controls. This contributes to the theory
that the answer to human DZ twinning lies in the actions and
mutual interactions of FSH and Inhibin B. It remains open to
question whether this mechanism plays a role in the develop-
ment of testicular seminoma.
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Table I. Observed means and SDs of hormone levels in monozygotic (MZ) and dizygotic (DZ) twins by 10-year age band

NR = normal range. The elevated Inhibin B levels in DZ compared with MZ twins appear to be due to a failure to undergo the expected age-related decline.

Mean (SD) Age group (years) Overall

<20 21–30 31–40 41–50 51–60 >60

No. of individuals 28 26 38 24 30 32 208
FSH (IU/l) MZ 3.5 (2.3) 4.9 (2.0) 6 (2.4) 6 (5.9) 5.3 (2.5) 4.8 (4.9) 5.2 (4.0)

DZ 6.3 (7.9) 4.8 (2.6) 7.1 (8.6) 4.3 (2.6) 4.3 (3.6) 5 (3.5) 5.2 (5.0)
Inhibin B (pg/ml) NR <400 MZ 225.9 (66.9) 175.3 (41.9) 207.0 (61.7) 210.4 (86.7) 188.7 (45.8) 178.7 (98.3) 196.8 (73.4)

DZ 184.7 (81.8) 193.4 (42.2) 224.9 (112.0) 236.9 (75.2) 254.4 (107.5) 236.4 (86.2) 225.1 (87.7)
LH (IU/l) MZ 3.7 (1.2) 4.7 (2.0) 3.3 (1.1) 3.9 (1.7) 3.3 (1.5) 4.8 (1.8) 4.0 (1.7)

DZ 5.1 (4.7) 4.1 (1.9) 5.2 (3.0) 3.5 (1.4) 3.6 (1.5) 3.6 (1.8) 4.0 (2.6)
Testosterone (nmol/l) MZ 17.7 (6.8) 19.4 (5.9) 17.5 (5.0) 17.2 (6.3) 15.1 (7.0) 20.9 (8.6) 18.1 (6.7)

DZ 20.6 (6.4) 16.9 (9.3) 19.6 (5.1) 19.6 (4.6) 19.5 (8.4) 19.3 (5.8) 19.4 (6.4)
DHEAS (μmol/l) MZ 7.3 (3.3) 12.5 (4.7) 9.5 (3.3) 6.5 (3.2) 6.3 (2.4) 8.9 (3.3) 8.6 (4.1)

DZ 9.3 (3.4) 10.4 (4.3) 10.1 (6.6) 8.0 (3.1) 8.4 (3.3) 8.5 (3.6) 8.9 (3.9)
SHBG (nmol/l) MZ 27.3 (7.2) 29.8 (15.3) 29.3 (7.3) 31.2 (11.3) 22.5 (12.6) 31.6 (9.5) 29.3 (11.3)

DZ 27.7 (9.7) 25.7 (9.6) 32.3 (25.4) 26.0 (8.9) 31.8 (15.3) 30.9 (13.2) 29.5 (13.6)
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