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Context: The phenotype in Turner syndrome (TS) is variable, even
in patients with a supposedly nonmosaic karyotype. Previous work
suggested that there were X-linked parent-of-origin effects on the
phenotype.

Hypothesis: The TS phenotype is influenced by the parental origin
of the missed X chromosome.

Design: This was a multicenter prospective study of TS patients and
both their parents, determining parental origin of the X-chromosome,
and characterizing the clinical phenotype.

Patients and Methods: Eighty-three TS patients and their parents
were studied. Inclusion criteria were TS with karyotype 45,X or
46Xi(Xq). Four highly polymorphic microsatellite markers on the
X-chromosome DMD49, DYSII, DXS1283, and the androgen receptor
gene and three Y chromosome markers, SRY, DYZ1, and DYZ3.

Outcome Measures: The study determined the correlation between
the parental origin of the X chromosome and the unique phenotypic

traits of TS including congenital malformations, anthropometry and
growth pattern, skeletal defects, endocrine traits, education, and
vocation.

Results: Eighty-three percent of 45,X retained their maternal X
(Xm), whereas 64% 46Xi(Xq) retained their paternal X (Xp, P �
0.001). Kidney malformations were exclusively found in Xm pa-
tients (P � 0.030). The Xm group had lower total and low-density
lipoprotein cholesterol (P � 0.003), and higher body mass index SD
score (P � 0.030) that was not maintained after GH treatment.
Response to GH therapy was comparable. Ocular abnormalities
were more common in the paternal X group (P � 0.017), who also
had higher academic achievement.

Conclusions: The parental origin of the missing short arm of the X
chromosome has an impact on overweight, kidney, eye, and lipids,
which suggests a potential effect of an as-yet-undetermined X chro-
mosome gene imprinting. (J Clin Endocrinol Metab 92: 846–852,
2007)

NORMAL FEMALES (46,XX) possess both a maternally
(Xm) and a paternally derived X chromosome (Xp).

About 50% of Turner syndrome (TS) patients have a 45,X
monosomy, whereas the rest are mosaics or have a structural
X or Y chromosome abnormalities (1, 2), but all have a de-
letion of the short arm of chromosome X (Xp).

The phenotype in TS is variable even in patients with a
supposedly nonmosaic karyotype; the reasons for this vari-
ability are not clear, and it led to a speculation that the TS
phenotype may be influenced by the parental origin of the
retained X chromosome. Differences in physical or behav-
ioral phenotype between subjects with 45, Xp and 45, Xm TS

might therefore indicate the existence of imprinted genetic
loci leading to expression of genes from only one of the
parents who transmits them.

The parental origin of the X chromosome in TS has been
the subject of several studies (3–8). Results of most, but not
all, of these small and retrospective studies show that in the
majority of patients the Xp chromosome is lost; thus, 60–80%
of TS patients retain a Xm. Interestingly, aborted fetuses have
higher incidence of Xp, suggesting that genetic imprinting
may play an important role in the loss of TS fetuses (9).

Three studies correlated birth weight and height as well as
other physical, anatomical, and physiological parameters in
33, 25, and 40 TS patients and found no significant differences
in patients who retained the maternal or the paternal X chro-
mosome (8, 10, 11). Tsezou et al. (8) also reported no differ-
ence between the groups regarding growth during the first
and second year of GH therapy. On the other hand, Chu et
al. (12) found that imprinting may play a role in cardiovas-
cular anomalies and neck webbing but not renal anomalies.
Skuse et al. (13) investigated 80 girls with TS, of whom 25 had
an X chromosome of paternal origin, and found evidence for
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a difference in sociocognitive function between Xm and Xp.
The latter showed satisfactory social adjustment and had
higher verbal and executive functional skills, whereas Xm

patients had better visual-spatial memory tests.
Different phenotypes according to the parental origin of

the X chromosome may indicate X imprinting, which has not
been documented in humans so far. On the other hand, mice
show X-linked imprinting effects on cognitive processes (14),
the imprinted gene candidate being Xlr3b, which may be of
importance in mediating behavioral effects.

The present study attempted to identify the phenotypic
effects of possible X-linked imprinted genes in a large group
of 83 TS patients who definitely miss the Xp arm (66 mono-
somic 45,X females and 14 with iso-Xq). We determined the
parental origin of the retained X chromosome, subdivided
the patients by the karyotype and compared in these groups
the frequency of the unique phenotypic traits of TS, including
congenital malformations, anthropometry and growth pat-
tern, skeletal defects, endocrine traits, education, and voca-
tion, thus testing the hypothesis that 45, Xp would be dis-
tinguished from 45, Xm. This may direct future research to the
putative X-linked imprinted gene/genes on the Xp arm that
may contribute to an eventual phenotypic variability accord-
ing to parental origin.

Patients and Methods

This was a prospective study of TS patients and both their parents,
determining parental origin of the X chromosome, and prospectively
characterizing the clinical phenotype. The study was approved by the
ethical committees of all participating centers. Subjects received verbal
and written information concerning the study, and parents and patients
signed informed consents.

Patients and clinical assessment

The study group included 83 patients with TS and their parents in a
multicenter study, involving patients from Israel (28), Poland (39), Italy
(10), and Turkey (6). The mean (�sd) patient’s age was 15.1 � 7.0 yr
(range 0.4–39 yr). The patients were recruited during the year 2003 from
the participating centers. Inclusion criteria were the following: karyo-
type 45,X or 46Xi(Xq); patients with mosaics, ring, or Y chromosomes
were excluded; availability of samples of both parents and their consent
to participate in the study. Each patient was reexamined by the coor-
dinating physician in each center. Physical stigmata diagnosed on the
basis of radiologic examinations such as echocardiogram, renal ultra-
sonography, and dual-energy x-ray absorptiometry (DXA) studies were
collected retrospectively. Biochemical studies were done either prospec-
tively or within the last year. Complete clinical, anatomical, and bio-
chemical information was recorded in a table including more than 100
criteria and then evaluated by a single coordinator for the purpose of a
unified evaluation in different centers.

X chromosome origin

Genomic DNA from TS patients and both their parents was extracted
from peripheral leukocytes of all 83 families. Four highly polymorphic
microsatellite markers were selected for their high percentage of het-
erozygosity (80.4–93.3%), their allele number (8, 10–13, 15–20), and their
location on both Xp and Xq, and were amplified by PCR: DMD49
(Xp21.2), DYSII (Xp21.2), and DXS1283 (Xp22.3) and androgen receptor
(Xq11.2). To detect possible hidden Y chromosome mosaics, three Y
markers were selected for their location on Yp, centromer, and Yq; SRY,
DYZ1, and DYZ3 markers were amplified by PCR. Internal controls
(DYSII with SRY, IR5 with DYZ1 and DYZ3) were simultaneously am-
plified in a multiplex PCR. Female personnel carried out all experiments
to prevent false-positive results. Primers and amplification conditions
were as previously reported (7).

Statistical analysis

All statistical calculations were performed with SPSS for Windows
(version 11.5; SPSS Inc., Chicago, IL). �2 (Fisher exact, when appropriate)
test was performed to examine relationship between categorical vari-
ables; results are not adjusted for multiple testing. The Mann-Whitney
test was used to examine the possible relation between birth weight/
gestational age/insulin/homeostasis model assessment and the paren-
tal origin of chromosome X. A t test was used to compare growth
parameters and biochemical data between Xp and Xm patients. Analysis
of covariance (ANCOVA) was used to adjust for age and body mass
index (BMI), and results were compared with unadjusted analysis. Re-
lation between patients’ pretreatment and on GH treatment used Wil-
coxon signed ranks test. Correlation coefficients were calculated be-
tween continuous variables.

Results
X chromosome origin

The study group consisted of 83 females with TS and
missing Xp, 66 of whom had 45,X karyotype, missing both Xp
and Xq, and 14 of whom had 46Xi (Xq), missing Xp, but
triploid for Xq genes. The parental origin of the single X
chromosome was determined in 80 of 83 patients using the
markers mentioned above (one sample was inadequate and
in another two the results were inconclusive). No unexpected
X mosaicism was found in any patient by the four X chro-
mosome markers.

The most informative marker as to the parental origin was
DXS1283 on Xp22.3 that was examined in 82 patients and was
informative in 69 (84%); DYSII was informative in 82%,
DMD49 in 73%, and androgen receptor of Xq locus in only
65% of the patients. Amplification of the Y chromosome
revealed a single case with previously unknown positive
SRY, but no other Y markers, in a 45,X patient, who retained
her Xm.

Overall, the retained X chromosome was maternal (Xm) in
60 (75%) of the patients and paternal (Xp) in 20 (25%) patients;
these data are consistent with previous reports (10, 11, 13).
A significant difference was found between 45,X and
46Xi(Xq) subjects. A clear majority (83%) of the former re-
tained their Xm, whereas 64% of the latter retained their Xp

(P � 0.001). Yet none of the clinical data reported in the
following paragraphs was found different between 45,X and
46Xi(Xq) subjects.

Clinical data

The mean age for the all group was 15.1 � 7.0 yr (range
0.4–39 yr). The mean age for the Xm group was 13.9 � 7.0 yr
(range 0.4–39.5 yr) and 19.3 � 5.5 yr in the Xp group (range
7.9–29.3 yr).

The difference in the paternal or maternal origin of the X
chromosome did not influence the birth weight (2.87 � 0.56
kg in Xp and 2.76 � 0.55 kg in Xm) or gestational age (38.9 �
1.6 and 39.1 � 1.6 wk, respectively). The incidence of spon-
taneous puberty at the appropriate age was also similar in the
two groups [Xp, two of 17 (11.7%), and Xm, five of 30 (16.6%);
not significant (NS)]. Only one patient (Xm) gave spontane-
ous birth.

Hypertension and major anomalies of the heart did not
differ according to parental origin of the X chromosome
(Table 1). Twenty percent of retained Xm and 35% of Xp had
cardiac anomalies (NS); 8 and 15%, respectively, had hyper-
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tension in the absence of primary renal or cardiovascular
cause. On the other hand, kidney malformations were an
exclusive manifestation of Xm patients; 20% of the Xm pa-
tients and none of the Xp had renal anomalies (P � 0.030,
Table 1). When analyzed according to their karyotype, no
significant differences were observed for any of the major
physical anomalies.

Minor physical stigmata of the face, chest, bones, or limbs
were similar among Xm and Xp patients (Table 2). The same
was true for disorders of the thyroid, ear, skin, and gastro-
intestinal tract but not for the eye abnormalities that were
significantly more prevalent in the Xp group (P � 0.017,
Table 3).

Biochemical data

Three of the TS patient with a 45,X karyotype had type 1
diabetes mellitus; two of them retained Xm and one retained
Xp. One Xm patient had type 2 diabetes. Serum glucose,
insulin, and homeostasis model assessment as a measure of

insulin resistance were similar in the two groups and normal.
The Xm group had lower total cholesterol (P � 0.004) and
low-density lipoprotein (LDL) cholesterol (P � 0.05) than the
Xp group (Table 4). ANCOVA to age and BMI gave P � 0.003
for the total cholesterol and P � 0.045 for the LDL cholesterol.

Bone

The prevalence of fractures was identical in the two
groups, and so was bone density by DXA, measured in 43
subjects above the age of available reference (Table 5).

Growth

Sixty-two of the TS patients had been treated with recom-
binant human GH (hGH); 17 of them retained Xp (starting at
age 10.8 � 2.8 yr), and 45 retained Xm (starting at age 9.9 �
3.1 yr; NS). None received anabolic steroids or additional
drugs. GH dosage did not differ significantly between the
groups (ranging from 0.04 to 0.34 mg/kg�d in the Xm and 0.03

TABLE 2. Minor physical anomalies according to parental origin of retained Xp

Xm affected/total (%) Xp affected/total (%) Total affected (%) Literature (%)

Facials
Epicanthal fold 22/60 (37) 9/20 (45) 31/80 (39)
High arched palate 50/60 (83) 19/20 (95) 69/80 (86)
Micrognathia 24/60 (40) 6/20 (30) 30/80 (38)
Short neck 52/60 (87) 16/20 (80) 68/80 (85)

Webbed neck 24/60 (40) 9/20 (45) 33/80 (41) 50
Low-set ears 25/60 (42) 9/20 (45) 34/80 (43)
Low hairline 37/60 (62) 16/20 (80) 53/80 (66) 66
Thorax
Shield chest 40/60 (67) 9/20 (45) 49/80 (61) 44–70
Widely spaced nipples 42/59 (71) 10/18 (56) 52/77 (68)

Bone abnormalities
Scoliosis 12/59 (20) 7/20 (35) 19/79 (24) 10
Kyphosis 4/46 (9) 2/17 (12) 6/63 (10)
Cubitus valgus 46/59 (78) 13/20 (65) 59/79 (75) 55–66
Short fourth metatarsus 13/60 (22) 4/19 (21) 17/79 (22) 24
Short fourth metacarpus 27/60 (45) 11/20 (55) 38/80 (48)
Madelung deformity 6/43 (14) 2/13 (15) 8/56 (14)

Limbs
Peripheral edema 25/60 (42) 6/20 (30) 31/80 (39)
Nails deformity 29/60 (48) 11/20 (55) 40/80 (50)

TABLE 1. Major physical anomalies according to parental origin of retained Xp

Xm affected/total (%) Xp affected/total (%) Total affected (%) Literature (%)

Cardiovascular
Aortic coarctation 6/60 (10) 3/20 (15) 9/80 (11)
Bicuspid aortic valve 6/60 (10) 4/20 (20) 10/80 (13)
Aortic stenosis 4/60 (7) 2/20 (10) 6/80 (8)
Aortic regurgitation 1/60 (2) 1/20 (5) 2/80 (3)
Other anomaly 1/54 (2) 1/14 (7) 2/68 (3)
Total 12/60 (20) 7/20 (35) 19/80 (24) 20–40

Hypertension
Systolic � 90th centile 4/60 (7) 2/20 (10) 6/80 (8)
Diastolic � 90th centile 4/60 (7) 3/20 (15) 7/80 (9)
Total 5/60 (8) 3/20 (15) 8/80 (10) 7–17

Renal anomalies by ultrasonography
Horseshoe kidney 2/60 (3) 0/20 (0) 2/80 (3)
Ectopic kidney 0/60 0/20 (0)
Renal agenesis 1/60 (2) 0/20 (0) 1/80 (1)
Double-collecting system 7/60 (12) 0/20 (0) 7/80 (9)
Ureteropelvic stenosis 2/60 (3) 0/20 (0) 2/80 (3)
Total 12/60 (20) 0/20 (0)a 12/80 (15) 25–43

a Fisher’s exact test, P � 0.031.
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to 0.36 in the Xp). Using the TS-specific growth charts (15), the
pretreatment height sd score (SDS) was �0.25 � 0.88 for Xp

patients and �0.13 � 0.99 in Xm patients (NS). Growth re-
sponse was similar during the first year of GH treatment, and
the current height and adult height of those who reached that
point (eight patients in each group) did not differ as well.
This remained true for each of the karyotype subgroups. The
mean height gain (from initiating GH treatment to current
height) was 1.49 � 0.77 SDS in the Xp and 1.44 � 1.00 SDS
in the Xm group, subdividing this height gain in the years (till
current age or �20 yr, the end of growth) gave the mean
height gain per year. In the Xp patients (15), it was 0.289 �
0.21 SDS each year, and in the Xm patients (42), it was 0.4 �
0.31 SDS/yr (NS). Again analyzing these in the TS girls with
45,X karyotype only gave similar results without preferential
growth response in either groups.

The BMI SDS during childhood and before hGH treatment
was 0.2 � 1.1 for Xp and 1.1 � 1.9 for Xm groups (P � 0.030,
Table 6), and the most recent BMI SDS during this study was
0.9 � 1.3 and 1.27 � 1.8, respectively (NS). The percent of

obese TS patients (BMI SDS � 2) was 33.3% in the Xp and
28.5% in the Xm group (NS).

Psychosocial aspects, education, and occupation

We addressed two parameters by self- and parental re-
porting. Learning difficulties were evaluated by the need for
special education; thereby, 23% of the TS patients had some
degree of learning difficulties, 18.7% of the Xp, and 25% of the
Xm patients (NS). The analysis of a subgroup of patients over
the age of 20 yr revealed that twice as many Xp patient (five
of seven, 76%) had academic skills or degrees, compared
with Xm patients (four of 11, 36%); with its small sample size,
these data are not significant statistically, but they lend sup-
port to a previous report (16).

Parental data

The mean maternal and paternal ages were 26.6 and 29.7
yr, respectively, with no difference between the Xm and Xp

groups or their karyotype. The pretreatment height SDS cor-

TABLE 4. Mean ( � SD) of serum lipids and insulin resistance according to parental origin of retained Xp

Xm (n � 58) Xp (n � 20) P

Lipids
Total cholesterol (mmol/liter) 170 � 35 201 � 31 0.003
High-density lipoprotein (mg/dl) 62 � 15 62 � 15 0.863
LDL (mg/dl) 97 � 27 116 � 30 0.045
Triglycerides (mg/dl) 97 � 44 97 � 44 0.542

Carbohydrates
Fasting glucose (mg/dl) 83 � 10 77 � 13 0.088
Fasting insulin (IU/ml) 7.6 � 4.1 10.1 � 10.3 0.671
Homeostasis model assessment for insulin resistance 1.5 � 0.8 1.5 � 1.1 0.861

ANCOVA to age and BMI for the total cholesterol, P � 0.014, and for the LDL cholesterol, P � 0.035.

TABLE 3. Thyroid, ear, eye, skin, and gastrointestinal disorders according to parental origin of retained Xp

Xm affected/total (%) Xp affected/total (%) Total affected (%) Literature (%)

Thyroid disorder
Hypothyroidism 14/60 (23) 4/20 (20) 18/80 (22.5) 22

Ear disorders
Recurrent otitis 23/59 (39) 9/20 (45) 32/79 (41) 68
Conductive loss 12/58 (21) 6/20 (30) 18/78 (23)
Sensorineural loss 1/56 (2) 0/20 (0) 1/76 (1)
Total (any anomaly) 28/60 (47) 11/20(55) 37/80 (46)

Eye disorders
Nystagmus 1/56 (2) 0/18 (0) 1/74 (1)
Strabismus 4/60 (7) 3/20 (15) 7/80 (9) 30
Color blindness (partial) 1/48 (2) 0/20 (0) 1/68 (2)
Amblyopia 10/58 (17) 7/20 (35) 17/78 (22)
Ptosis 8/60 (13) 4/20 (20) 12/80 (15) 16–29
Total (any anomaly) 18/60 (30) 12/20 (60)a 30/80 (38) 63

Skin disorders
Multiple naevi 37/60 (62) 17/20 (85) 54/80 (7) 30–65
Alopecia 2/60 (3) 0/20 (0) 2/80 (3)
Vitiligo 2/60 (3) 2/20 (10) 4/80 (5)
Keloid 0/60 (0) 1/20 (5) 1/80 (1)
Ichtyosis 1/57 (2) 0/18 (0) 1/77 (1)
Psoriasis 5/60 (8.3) 1/20 (5) 6/80 (7.5)

Gastrointestinal disorders
Gastrointestinal bleeding 1/60 (2) 1/20 (5) 2/80 (3) 3
IBD 1/60 (2) 0/20 (0) 1/80 (1)
Cirrhosis 0/60 (0) 0/60 (0) 0/60 (0)
High liver enzymes 3/60 (5) 3/20 (15) 20/80 (8) 44

IBD, Inflammatory bowel disease.
a P � 0.017.
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related strongly in the Xp with the maternal and paternal
height (r � 0.652 and 0.661, respectively (Table 7). In the Xm

patients, the correlation with paternal height (r � 0.525) was
greater than the correlation with maternal height (r � 0.369).

The overall frequency of abnormalities found in our study
group (independent of their parental origin) was quite sim-
ilar to the literature (Table 8).

Discussion

Parental imprinting of X chromosome genes was sug-
gested as a possible explanation for some of the diverse
phenotypic features in TS. The present study investigated in
detail the possible correlation of phenotypic expression with
the parental origin of the X chromosome in the largest ever
cohort of TS patients. Similar to previous reports, 75% of our
patients with 45,X or 46Xi(Xq) retained Xm and lost their Xp,
whereas 25% retained their Xp and lost their Xm chromosome.
Yet the prevalence of either the maternal or paternal X chro-
mosome in the distinct karyotypes was very different. A
majority of 45,X patients (83%) retained their Xm. The first
studies of parental origin in 45,X observed that there is a
higher rate of paternally derived single X chromosome in
spontaneous abortions than liveborn (9), although following
studies (3, 11) had shown the opposite. Paternal meiotic
errors, particularly susceptibility for XY nondisjunction dur-
ing meiosis, and to a lesser extant postzygotic mitotic loss,
result in Xm genotype in most 45,X patients (16). Interest-
ingly, most patients with 46Xi(Xq) (64%) in our study re-
tained their Xp. Previous reports on larger group of 46Xi(Xq)
patients had shown that formation of isochromosomes of Xq
is a sporadic event, equally likely to be maternally or pater-
nally derived and that the mechanism of formation is inde-
pendent of the parental age (21); mostly they result from
sister-chromatid breakage and reunion in the proximal Xp.

The multicenter design of this study was essential to as-
semble the largest ever number of subjects in this type of a
study, but it also led to obvious difficulties in the rigor of
clinical details. Even though, the small sample size made it
difficult to have obtained enough power to detect mild dif-

ferences, but the possibility to detect larger differences was
attainable. To minimize these constraints, the clinical char-
acterization was prospective; it was done by a single observer
in each center, and they all used a unified table of more than
100 clinical features, which were later analyzed by the study
coordinator. Although the age difference was significant sta-
tistically, its implication on each parameter studied is neg-
ligible in our opinion, even on the lipid profile. We admit to
a possibility that some of the statistically significant results
may be a spurious result of multiple testing. Physical stig-
mata diagnosed on the basis of imaging, such as heart de-
fects, renal abnormalities, and bone mineralization defects
were collected retrospectively or within the last year, but by
different experts, with obvious possible discrepancy. We
found no evidence of previously undetected mosaicism as far
as four microsatellite markers can tell, but untested domain
mosaicism can certainly not be fully excluded.

The overall frequency of abnormalities found in our sam-
ple group (independent of parental origin) was comparable
with the prevalence reported in the literature for most of the
abnormalities checked, total cardiac anomalies being on the
lower range reported and renal anomalies found less fre-
quently (Table 8).

Preferential loss of Xp in this study, and others, and higher
incidence of retained Xp in aborted fetuses (9) led to the
hypothesis that deletion of the Xm may have a more profound
phenotypic impact (5, 10, 16, 17). The present results reject
this hypothesis; in fact, the current prospective study and a
summary of most of the previous studies disclose that of the
major phenotypic features, the prevalence of cardiac anom-
alies was similar in the two groups, whereas that of renal
anomalies was greater in our Xm group but not so in previous
reports. Due to significant heterogeneity among the cardiac
and renal variables and small numbers in previous studies,
it was impossible to give a total frequency.

Eye disorders were more prevalent in the Xp group (18).
Whereas intrauterine lymphedema was believed to be re-
lated to prenatal death, none of the phenotypic features that
are thought to be related to intrauterine lymphedema was

TABLE 5. Bone health according to parental origin of retained Xp

Xm Xp P

DXA Z score
Total body �1.16 � 0.91 (n � 31) �1.27 � 1.35 (n � 12) NS
Spine �1.1 � 1.1 (n � 12) �1.3 � 1.6 (n � 10) NS
Femur �1.0 � 1.0 (n � 9) �1.1 � 0.9 (n � 8) NS

Fractures n � 60 n � 19
Per 1000 subject-years 6.5 6.5 NS

TABLE 6. 45,X TS patient growth according to parental origin of retained Xp

Xm (n � 41) Xp (n � 9) P

Age 15.0 � 5.06 18.8 � 6.7
Age at GH start 10.0 � 3.16 9.5 � 2.3 NS
GH dosage 0.08 � 0.8 0.08 � 0.1 NS
Pretreatment height SDSa 0.2 � 1.0 �0.2 � 1.1 NS
Pretreatment BMI SDS 1.2 � 0.6 0.2 � 0.6 0.030
Growth velocity SDS first-year GH 4.9 � 3.1 4.9 � 2.6 NS
Final height SDS 1.6 � 1.4 1.6 � 1.3 NS
Current BMI SDS 1.0 � 1.5 0.9 � 1.3 NS

a SDS according to TS growth chart.
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found to stratify according to parental origin of the X chro-
mosome, with the reservation of higher loss of Xp fetuses.

Using a mouse model for TS, a cluster of three X-linked
genes was found to show transcriptional repression of pa-
ternal alleles (19). Imprinting of these three genes, Xlr3b,
Xlr4b, and Xlr4c, is independent of X chromosome inactiva-
tion and has a dynamic and complex pattern of tissue and
stage specificity. Xp-retaining XO mice are developmentally
retarded and smaller than their XX controls, whereas Xm

mice are larger than their XX controls on the 10th day of
embryonic life (20). In humans, the opposite has been sug-
gested: whereas the origin of the single X had no effect on
general intelligence quotient, 45,X females with Xp chromo-
some had superior verbal and executive skills, compared
with those with Xm chromosome (13). With a relatively small
number of adult patients, the current study supports these
findings: twice as many Xp patients had academic skills or
degrees than Xm patients.

We also cannot support the findings in mice for a role for
X chromosome imprinting in human postnatal growth or
bone maturation and malformations, which are attributed
partly to haploinsufficiency of the short stature homeobox
SHOX gene at Xp22.3. Previous studies suggested a positive
correlation between the final height of TS patients and that
of their mothers (22) and a significant correlation with the
maternal height and target height in Xm patients only (12, 23).
A correlation of TS patients height with maternal and target
height in both Xm and Xp subjects (8) was described in other
reports. In the present study, Xm and Xp subjects had similar
growth data. The same is true for the odds to develop spon-
taneous puberty. In Xm but not Xp patients, the correlation
with paternal height was greater than the correlation with
maternal height. On the other hand, Xm patients were sig-
nificantly overweight, compared with the Xp group. Two
obesity-related syndromes (Beckwith-Wiedemann and
Prader-Willi syndromes) are subject to parental imprinting,
but thus far no X chromosome imprinting has been impli-
cated in obesity. The current results suggest that such a
mechanism may yet to be discovered.

The fact that most of the patients in this study had been

treated with hGH allowed us to compare relatively large
groups of Xm and Xp TS patients’ response to treatment (24).
To minimize possible influences of the differences in treat-
ment regimes among the centers, we compared the mean of
several variables and found no significant difference in pre-
treatment height, response to GH therapy, growth velocity in
the first year of treatment, or final adult height. GH dosage
did not differ significantly, and neither did the age at GH
initiation. In the absence of a uniform GH treatment protocol,
this is obviously incomplete, and further analysis of hGH
treatment response is required. We did not find the sug-
gested evidence of an X-linked imprinting effect on GH re-
sponse as shown in a recent study (23).

Hypercholesterolemia has been demonstrated in TS girls
as young as 11 yr and does not seem to be influenced by the
karyotype or degree of obesity (25, 26). In this study 28% of
the patients exhibited high total and LDL cholesterol levels;
the levels were significantly higher in Xp subjects and did not
correlate with BMI. The mean age difference of 4.2 yr be-
tween the groups exceeds the expected age-related rise in
total and LDL cholesterol.

Insulin resistance did not stratify according to the origin
of the retained X chromosome. These findings may suggest
that the sexual dimorphic pattern of serum lipids is influ-
enced by not only sex steroids but also an as-yet-undeter-
mined X chromosome imprinting. A recent study on 89 elder
TS patients had shown that monosomy for Xm chromosome
was associated with greater visceral fat accumulation as mea-
sured by computed tomography and a more atherogenic
lipid profile (higher triglycerides, total cholesterol, and LDL
cholesterol) than monosomy for Xp (27). The wide age dif-
ference between the two study groups makes it difficult to
compare, but this again supports the role of imprinted X
linked genes in metabolic regulation.

With the data available on 208 TS patients studied so far
(3–8) including those of the present report, it may be a time
for some conclusion on the impact of parental origin of the
X chromosome on phenotypic findings. The parental origin
of the X chromosome seems to have some impact on several
phenotypic traits of TS, including overweight, kidney, eye,

TABLE 7. Parental data according to parental origin of retained Xp

Xm (n � 60) Xp (n � 20) P

Father’s height SDS �0.04 � 1.3 �0.3 � 1.4 NS
Mother’s height SDS �0.24 � 1.1 �0.15 � 1.2 NS
Target height SDS �0.12 � 1.0 �0.26 � 1.1 NS
Pretreatment height SDS correlation with Xm Xp

Paternal height r � 0.525 r � 0.661 �0.001 �0.001
Maternal height r � 0.369 r � 0.652 �0.001 �0.001
Target height r � 0.568 r � 0.751 �0.001 �0.001

TABLE 8. Data from current and previous studies of heart and kidney anomalies according to parental origin of retained Xp

Study
Cardiac anomalies Renal anomalies

Affected/total Xm Affected/total Xp (P) Affected/total Xm Affected/total Xp (P)

Ross et al. (25) 11/17 0/7 (�0.006) 3/17 1/7 (�0.9)
Mathur et al. (10) 7/18 3/7 (�0.90) 3/18 0/7 (0.54)
Lorda-Sanchez et al. (11) 7/12 0/4 (0.09) 10/19 2/2 (0.49)
Chu et al. (12) 9/43 1/20 (0.15) 6/38 2/15 (�0.90)
Present study 12/60 7/20 (0.23) 12/60 0/20 (0.032)
Total 46/150 11/58 34/152 5/51
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and lipids, which suggest a potential effect of as-yet-unde-
termined Xp arm gene/genes imprinting.

Acknowledgments

Received January 24, 2006. Accepted December 19, 2006.
This manuscript was presented at the 7th joint ESPE/LWPES meet-

ing, Lyon, France, 2005.
Address all correspondence and requests for reprints to: Ze’ev Hoch-

berg, Meyer Children’s Hospital, Rambam Medical Center, P.O. Box
9602, Haifa 31096, Israel. E-mail: z_hochberg@rambam.health.gov.il.

Disclosure Statement: The authors have nothing to disclose.

References

1. Lippe B 1991 Turner syndrome. Endocrinol Metab Clin North Am 20:121–152
2. Nielsen J, Wohlert M 1991 Chromosome abnormalities found among 34,910

newborn children: results from a 13-year incidence study in Arhus, Denmark.
Hum Genet 87:81–83

3. Hassold T, Pettay D, Robinson A, Uchida I 1992 Molecular studies of parental
origin and mosaicism in 45,X conceptuses. Hum Genet 89:647–652

4. Jacobs PA, Betts PR, Cockwell AE, Crolla JA, Mackenzie MJ, Robinson DO,
Youings SA 1990 A cytogenetic and molecular reappraisal of a series of
patients with Turner’s syndrome. Ann Hum Genet 54:209–223

5. Jacobs P, Dalton P, James R, Mosse K, Power M, Robinson D, Skuse D 1997
Turner syndrome: a cytogenetic and molecular study. Ann Hum Genet 61:
471–483

6. Larsen T, Gravholt CH, Tillebeck A, Larsen H, Jensen MB, Nielsen J,
Friedrich U 1995 Parental origin of the X chromosome, X chromosome mo-
saicism and screening for “hidden” Y chromosome in 45,X Turner syndrome
ascertained cytogenetically. Clin Genet 48:6–11

7. Martinez-Pasarell O, Templado C, Egozcue J, Vicens-Calvet E, Nogues C
1999 PCR protocol to detect parental origin and hidden mosaicism in sex
chromosome aneuploidies. Horm Res 51:248–252

8. Tsezou A, Hadjiathanasiou C, Gourgiotis D, Galla A, Kavazarakis E,
Pasparaki A, Kapsetaki M, Sismani C, Theodoridis C, Patsalis PC, Moscho-
nas N, Kitsiou S 1999 Molecular genetics of Turner syndrome: correlation with
clinical phenotype and response to growth hormone therapy. Clin Genet
56:441–446

9. Jacobs P, Hassold T, Harvey J, May K 1989 the origin of sex chromosome
aneuploidy. Prog Clin Biol Res 311:135–151

10. Mathur A, Stekol L, Schatz D, MacLaren NK, Scott ML, Lippe B 1991 The
parental origin of the single X chromosome in Turner syndrome: lack of
correlation with parental age or clinical phenotype. Am J Hum Genet 48:682–
686

11. Lorda-Sanchez I, Binkert F, Maechler M, Schinzel A 1992 Molecular study of

45,X conceptuses: correlation with clinical findings. Am J Med Genet 42:487–
490

12. Chu CE, Donaldson MD, Kelnar CJ, Smail PJ, Greene SA, Paterson WF,
Connor JM 1994 Possible role of imprinting in the Turner phenotype. J Med
Genet 31:840–842

13. Skuse DH, James RS, Bishop DV, Coppin B, Dalton P, Aamodt-Leeper G,
Bacarese-Hamilton M, Creswell C, McGurk R, Jacobs PA 1997 Evidence from
Turner’s syndrome of an imprinted X-linked locus affecting cognitive function.
Nature 387:705–708

14. Davies W, Isles A, Smith R, Karunadasa D, Burrmann D, Humby T, Ojarikre
O, Biggin C, Skuse D, Burgoyne P, Wilkinson L 2005 Xlr3b is a new imprinted
candidate for X-linked parent-of-origin effects on cognitive function in mice.
Nat Genet 37:625–629

15. Ranke MB, Pfluger H, Rosendahl W, Stubbe P, Enders H, Bierich JR, Ma-
jewski F 1983 Turner syndrome: spontaneous growth in 150 cases and review
of the literature. Eur J Pediatr 141:81–88

16. Martinez-Pasarell O, Templado C, Vicens-Calvet E, Egozcue J, Nogues C
1999 Paternal sex chromosome aneuploidy as a possible origin of Turner
syndrome in monozygotic twins: case report. Hum Reprod 14:2735–2738

17. Gotzsche CO, Krag-Olsen B, Nielsen J, Sorensen KE, Kristensen BO 1994
Prevalence of cardiovascular malformations and association with karyotypes
in Turner’s syndrome. Arch Dis Child 71:433–436

18. Chrousos GA, Ross JL, Chrousos G, Chu FC, Kenigsberg D, Cutler Jr G,
Loriaux DL 1984 Ocular findings in Turner syndrome. A prospective study.
Ophthalmology 91:926–928

19. Raefski AS, O’Neill MJ 2005 Identification of a cluster of X-linked imprinted
genes in mice. Nat Genet 37:620–624

20. Ishikawa H, Banzai M, Yamauchi T 1999 Developmental retardation of XO
mouse embryos at mid-gestation. J Reprod Fertil 115:263–267

21. James RS, Dalton P, Gustashaw K, Wolff DJ, Willard HF, Mitchell C, Jacobs
PA 1997 Molecular characterization of isochromosome of Xq. Ann Hum Genet
61:485–490

22. Rochiccioli P, David M, Malpuech G, Colle M, Limal JM, Battin J, Mariani
R, Sultan C, Nivelon JL, Simonin G 1994 Study of final height in Turner’s
syndrome: ethnic and genetic influences. Acta Paediatr 83:305–308

23. Hamelin CE, Anglin G, Quigley CA, Deal CL 2006 Genomic imprinting in
Turner syndrome: effects on response to growth hormone and on risk of
sensorineural hearing loss. J Clin Endocrinol Metab 91:3002–3010

24. Hochberg Z, Zadik Z 1999 Final height in young women with Turner syn-
drome after growth hormone therapy: an open controlled study. Eur J Endo-
crinol 141:218–224

25. Ross JL, Feuillan P, Long LM, Kowal K, Kushner H, Cutler Jr GB 1995 Lipid
abnormalities in Turner syndrome. J Pediatr 126:242–245

26. Guttmann H, Weiner Z, Nikolski E, Ish-Shalom S, Itskovitz-Eldor J, Aviram
M, Reisner S, Hochberg Z 2001 Choosing an estrogen replacement therapy in
young adult women with Turner syndrome. Clin Endocrinol (Oxf) 54:159–164

27. Van PL, Bakalov VK, Zinn AR, Bondy CA 2006 Maternal X chromosome,
visceral adiposity and lipid profile. JAMA 295:1373–1374

JCEM is published monthly by The Endocrine Society (http://www.endo-society.org), the foremost professional society serving the
endocrine community.

852 J Clin Endocrinol Metab, March 2007, 92(3):846–852 Sagi et al. • X Chromosome in Turner Syndrome

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/92/3/846/2597077 by guest on 21 August 2022


