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Abstract

BACKGROUND: Mixed gonadal dysgenesis (MGD) is a rare disorder. Short stature is a well 
known feature of this condition. Although growth hormone (GH) treatment has been suggested 
to treat growth impairment, conflicting data surround this issue. CASE REPORT: We report 
on long-term growth hormone (GH) therapy at pharmacological doses (0.33 mg/kg/week) in 
a boy (age 4.6 years) with MGD [karyotype 45,X/46,X,idic(Yp)]. An untreated boy of similar 
karyotype and growth delay served as control. The treated boy showed a progressive improve-
ment of stature during GH administration. His height completely normalized after 6.5 years of 
treatment and he reached his target height centile before puberty onset. In the untreated boy, 
no improvement of growth pattern was found. CONCLUSIONS: We conclude that short boys 
with MGD and 45,X/46,X,idic(Yp) karyotype may benefit from early GH therapy at pharma-
cological doses. Evaluation of larger patient samples and additional follow-up till final height 
are needed to reach definitive conclusions as to the optimal growth-promoting therapy for this 
disorder of sex development.
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Case report

Introduction

Isodicentrics Yp (idicY) are structural anomalies 

of the Y chromosome associated with a 45,X cell line 
and a broad spectrum of disordered sex development. 
The presence of a 45,X cell line is a direct consequence 
of the instability of the rearranged Y chromosome.1 
The percentage of 45,X cells in the urogenital ridge 
during the critical time window of SRY action likely 
plays a major role in abnormal sex determination and 
differentiation of the gonads. In fact, the transcripts 
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produced by the two copies of the SRY gene on the 
idic(Yp) could be diluted by the 45,X cell line; there-
fore, their level may be below the critical threshold 
necessary for testicular formation, resulting in mixed 
gonadal dysgenesis (MGD).2,3

MGD is rare (0.23/1,000 amniocenteses or 
1.7/10,000 newborns).3,4 At birth, children with MGD 
present with ambiguous external genitalia.5-7 They 
are often reared as boys and corrective surgery of 
anatomical abnormalities are performed early for the 
reason that the unilateral scrotal testis might have 
potential for testosterone secretion, spontaneous onset 
of puberty and some reproductive ability.5-8

Short stature is a well known feature of boys 
with MGD and 45,X/46,XY or 45,X/46,X,idic(Yp) 
mosaicism.4-7 Although short stature does not seem 
to be due to growth hormone (GH) deficiency, GH 
treatment has been reported in some papers showing 
a short-term beneficial effect on growth.7,9-11

In this paper, we report on long-term follow-up 
of two boys with 45,X/46,X,idic(Yp) karyotype, am-
biguous genitalia at birth and short stature, one of 
whom underwent recombinant GH treatment, while 
the untreated boy served as control.

Case report

Two boys (#PI020 and #PI036) with MGD came 
to our attention on account of short stature (Table 1). 
Both patients were born from uncomplicated preg-
nancies, but presented ambiguous genitalia at birth 
(Sinnecker grade 3);12 birth weight of both was slightly 
reduced, while birth length was reduced according 
to Italian reference standards only in #PI020 (Table 
1).13 In both babies, a 45,X/46,X,idic(Yp) karyotype 
was found in peripheral blood cells (Table 1); a higher 
percentage of the 45,X line in fibroblasts rather than in 
leukocytes was found in #PI020 (Table 1); fibroblast 
karyotyping was not performed in #PI036. Male sex 
was assigned in both babies. Corrective surgery of 
the severe hypospadias was performed during the first 
18 months of life; at the same time, the streak gonad 
(left in #PI020; right in #PI036) was removed and the 
controlateral testis was fixed into the scrotum. Mid-
parental height (MPH) was 171.3 cm (-0.48 SDS) 
and 172.5 cm (-0.33 SDS) in #PI020 and #PI036, 
respectively. At first visit, height was -2.5 SDS and 
-1.5 SDS in #PI020 and #PI036, respectively, and 
was declining in the former (Figure 1). In both boys, 
GH deficiency was not found (GH peaks >10 ng/ml 

Table 1. Auxological findings of the two boys with mixed gonadal dysgenesis

Boy #PI020 Boy #PI036

Birth length, cm (SDS) 47 (-2.28) 52 (0.62)
Birth weight, kg (SDS) 3.0 (-1.48) 3.2 (-0.74)
Karyotype 45, X(15%)46, X, idic(Yp)(85%)* 45, X(30%)46, X, idic(Yp)(70%)
Age at first visit, years 4, 6/12 4
Height, cm (SDS) 93.5 (-2.5) 92.0 (-1.5)
Height velocity, cm/year (SDS) 3.8 (-2.5)° -
BMI, kg/m2 15.2 16
SPAM, cm 93.0 −
Bone age, years 3.5 4.0
Age at last visit, years 11.0 11, 4/12
Height, cm (SDS) 140 (-0.3) 132.3 (-1.8)
BMI, kg/m2 20.9 17.7
SPAM, cm 139.0 132.0
Bone age, years 10.5 11.0
PAH, cm (SDS) 176.1 (0.20) 164.8 (-1.49)
Pubertal stage G1, Ph1 G1, Ph1
PAH = predicted adult height; *fibroblast karyotype 45,X(86%)/46,X,idic(Yp)(14%); °during the last 6 months before first visit 
(based on measurement by family pediatrician).
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during two provocative GH tests). IGF1 values were 
in the normal range but below the mean in both boys 
[#PI020: 152 ng/ml (-1.3 SDS); #PI036: 204 ng/ml 
(-0.8 SDS)]. Body mass index was normal (Table 1).

The occurrence of occult celiac disease or other 
chronic gastrointestinal disorder was ruled out by ap-
propriate biochemical analysis in both boys; reactive 

C protein, thyroid values, renal function and albumin 
levels were normal (data not shown).

Boy #PI020 started treatment with recombinant GH 
at the dose of 0.33 mg/kg/week. During treatment, the 
dose was adjusted according to the increase in body 
weight and to maintain IGF1 serum levels between 
0 and +2.0 SDS. Height progressively increased into 

Figure 1. Growth curves of two boys with 45,X/46,X,idic(Yp) mixed gonadal dysgenesis treated (•) or not () with recombinant GH.
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normal range approaching the 50th centile at the age 
11.0 years (Figure 1). Height was -2.5 SDS before 
GH treatment and progressively rose to -0.3 SDS at 
last evaluation, reaching his MPH (Figure 2). The 
growth curve of the untreated boy remained near 
the 3rd centile during follow-up (Figure 1). At last 
visit, predicted adult height (PAH) of the treated boy 
was adequate in respect to his MPH (Table 1). On 
the contrary, the PAH of the untreated boy remained 
below both his own MPH and that of the treated pa-
tient (Table 1). No adverse event pertaining to GH 
treatment was recorded.

Informed consent by the parents of both boys 
was obtained before any diagnostic or therapeutic 
intervention. Genital ambiguity was ranked accord-
ing to Sinnecker et al.12 Centiles of birth weight and 
length were calculated according to Italian reference 
standards;13 postnatal height was expressed as raw 
measured values and as standard deviation scores 
(SDS) according to Tanner et al.14 Bone age was 
assessed according to the method of Greulich and 
Pyle;15 PAH was calculated in accordance with the 
Bayley and Pinneau tables.16 MPH was calculated 
using measured parental heights adjusted for male 
sex [(father height + mother height)/2) + 6.5 cm].

Baseline blood samples were obtained in the fast-
ing state between 8.00 and 9.00 a.m.; GH secretion 
in response to the arginine provocative test (0.5 mg/
kg/i.v.) and insulin tolerance test (0.1 IU/kg/i.v.) 
was assessed with sampling at 0, 30, 60, 90 and 120 
minutes (normal response = GH peak >10 ng/ml). All 

serum samples were kept at -80°C up till laboratory 
assessment. Serum levels of GH and IGF1 (reference 
values for prepubertal children 277 ± 93 ng/ml) were 
determined as previously reported.17

Chromosome analysis was performed on periph-
eral blood lymphocyte cultures using conventional 
techniques (G and Q-banding at 550 band level). In 
order to detect low-level mosaicisms, more than 100 
metaphases were analyzed. Molecular cytogenetic 
techniques were used to better characterize the Y 
chromosome derivative. FISH (fluorescence in situ 
hybridization) was performed with a whole Y chro-
mosome painting probe (BOUTY, Cambridge, UK) 
as well as probes specific for the SRY gene and the 
Y centromeric alphoid probe, DYZ3 (Vysis, Downers 
Grove, IL).

Discussion

In this paper, we report the long-term effects of 
recombinant GH treatment on the growth pattern of a 
child with 45,X/46,X,idic(Yp) MGD and short stature. 
In this boy, growth delay was present at birth and 
worsened around the age of 3 years. Meanwhile, the 
height curve paralleled the 3rd centile in an untreated 
boy who had similar a karyotype in leukocytes but 
normal growth parameters at birth.

The differences in prenatal growth pattern may 
be related to a different mosaicism in the 45,X line 
between the two boys, but the fibroblast karyotype was 
available only for boy #PI020. Thus, this hypothesis 
should be verified via additional cytogenetic studies. 
At any rate, the high percentage of 45,X fibroblasts 
in boy #PI020 may explain the low birth length and 
weight, as reported in girls with Turner syndrome,18 
since his mother’s pregnancy was uncomplicated by 
known disorders affecting fetal growth.19

Although the cause of postnatal growth impair-
ment is largely unknown, it is a well reported feature 
of boys with MGD,5,6,9-11 which leads to short adult 
height.5,6 Classic GH deficiency likely does not occur 
in this disorder,6,7 as confirmed by the normal GH 
response to provocative stimuli in both the present 
boys. Although appropriate IGF1 values for delayed 
bone age has been reported in one boy,10 the low 
normal or slightly reduced IGF1 reported in this and  

Figure 2. Progressive improvement of height SDS in the boy 
with 45,X/46,X,idic(Yp) mixed gonadal dysgenesis during re-
combinant GH treatment (MPH = mid parental height).
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in other studies7,9 may suggest some degree of GH 
resistance in the presence of the normal GH secretion, 
as we found. This hypothesis may be supported by the 
evidence that serum IGF1 concentrations remained 
in the normal range during GH treatment at pharma-
cological doses in our own and in other patients.9 In 
addition, as in girls with Turner syndrome,20 SHOX 
gene haploinsufficiency in the 45,X cell line may 
play a role in the growth impairment and may explain 
the growth improvement during GH administration. 
In fact, girls with Turner syndrome and children 
with SHOX deficiency alike benefit from GH treat-
ment.21-24 In addition, Y chromosome rearrangement 
with loss of possible Y-growth gene(s) (GGY) and 
prenatal growth retardation may contribute to growth 
impairment.25,26

Response to GH treatment in boys with MGD and 
short stature has been assessed in few studies.5-7,9-11 
Improvement of linear growth has been documented; 
however, the majority of reported patients started 
treatment at a late chronological age (>10 years) and 
only short follow-up periods were provided or only 
final height was retrospectively assessed.5-7,9-11 Thus, 
the outcome of early and long-term treated boys is 
largely unknown. Among the 6 boys described by 
Richter-Unruh et al,9 only one patient was treated for 
more than 5 years. His height increased from -2.68 
SDS to -1.34 SDS, but GH therapy was started at the 
age of 10.5 years. Martinerie et al retrospectively 
described the height outcome of 13 boys treated with 
GH for a mean period of 6.5 years; no significant dif-
ference in final height was found in comparison with 
that of an untreated group (157±2.3 cm vs 156.6±4.2 
cm, respectively).5 Only 5 patients were treated early 
(between 4 and 7 years) and 4 boys of this subgroup 
reached final height.5 Again, no significant differ-
ence was evident between these early treated boys in 
comparison with those treated after the chronological 
age of 10 years (n = 8) (157±5.2 cm vs 155.9±6.5 cm, 
respectively),5 but GH was administered at relatively 
low dose (0.17-0.24 mg/kg/week) in comparison 
with our own and other studies.6,7,9,10 In addition, GH 
dose was not adjusted according to IGF1 levels.5 A 
boy of 7.8 years was treated with GH in the study of 
Tosson et al.6 His final height was 164.7 cm, similar 
to that of the three patients treated at older ages or 
that of the three untreated children (cm 159.1±8.7 

and cm 162.5±3.8, respectively); however, neither 
the GH dose used in this child nor the duration of 
GH therapy was presented.6 In our boy treated with 
pharmacological doses of GH, growth pattern normal-
ized before the onset of puberty, while the untreated 
control did not show any amelioration of his height. 
Predicted adult height was above MPH in the treated 
boy, while the untreated boy showed poor predicted 
adult height that resulted in an adult height similar to 
that of untreated men with 45,X/46,XY MGD.5,6 Thus, 
we suggest that early initiation of GH therapy, long 
duration of therapy and high GH doses progressively 
modified according to the patient’s growth response 
and IGF1 levels may produce a better outcome, nor-
malizing growth pattern before the onset of puberty, 
as in Turner syndrome.23 In addition, prenatal growth 
impairment and the evidence of a high percentage of 
45,X cells in fibroblasts, since they have originated 
from the same mesenchimal stem cells of chondro-
cytes and osteoblasts,27 may be additional criteria for 
GH treatment.19,23,24

In order to reach definitive conclusions for the 
purposes of clinical practice regarding this disorder, 
reports must be made available of larger numbers 
of patients in whom multiple tissue karyotyping has 
been carried out. In addition, growth pattern during 
puberty and its “tempo”, which may be impaired by 
SHOX haploinsufficiency, GH treatment, possibly 
deranged sex steroid production, and longer follow-
up till attainment of adult height should be evaluated 
to optimize management of growth delay in MGD.
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