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Abstract
An extra X chromosome occurs in ~ 1 in 1000 females, resulting in a karyotype 47,XXX also known as trisomy X syndrome
(TXS). Women with TXS appear to be at increased risk for premature ovarian insufficiency; however, very little research on this
relationship has been conducted. The objective of this case-control study is to compare ovarian function, as measured by anti-
mullerian hormone (AMH) levels, between girls with TXS and controls. SerumAMH concentrations were compared between 15
females with TXS (median age 13.4 years) and 26 controls (median age 15.1 years). Females with TXS had significantly lower
serumAMH compared to controls (0.7 ng/mL (IQR 0.2–1.7) vs 2.7 (IQR 1.3–4.8), p < 0.001). Additionally, girls with TXS were
much more likely to have an AMH below the 2.5th percentile for age with 67% of them meeting these criteria (OR 11, 95% CI
2.3–42). Lower AMH concentrations in females with TXS may represent an increased risk for primary ovarian insufficiency in
these patients and potentially a narrow window of opportunity to pursue fertility preservation options. Additional research is
needed to understand the natural history of low AMH concentrations and future risk of premature ovarian insufficiency in girls
with TXS.
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Introduction

Trisomy X syndrome (TXS) is a sex chromosome aneuploidy
caused by the presence of an extra X chromosome, yielding a
karyotype of 47,XXX in affected females [1]. This

chromosomal aneuploidy occurs in approximately 1 in 1000
live female births [2]. Despite the high prevalence of this
condition, it is suspected that only about 10% of females with
TXS are actually diagnosed [3, 4]. A wide range of medical
and psychological conditions are found in association with
TXS; however, some girls and women may be minimally
affected. The most common clinical features of TXS include
tall stature, hypotonia in infancy, clinodactyly, epicanthal
folds, and constipation [5]. Less frequent, but still present in
up to 12–20%, include seizure disorders, genitourinary
malformations, intention tremor, and congenital hip dysplasia
[6]. There is also an increased risk of neuropsychological dif-
ficulties compared with unaffected females, including devel-
opmental delays, particularly speech and language deficits,
learning disabilities, attention deficit hyperactivity disorder,
anxiety, depression, adjustment disorders, autism spectrum
disorder, and social immaturity [7–9].

Diminished ovarian reserve and an acceleration of the loss
of ovarian function have long been described in women with
TXS. The initial case report of TXS by Jacobs et al. in 1959
described a woman who presented at age 19 with secondary
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amenorrhea [1]. Since then, a dozen case reports have de-
scribed premature ovarian insufficiency (POI) in TXS
[10–20]; however, there is a paucity of data on its prevalence
in women with TXS. The clinical definition of POI requires
4 months of amenorrhea along with elevated follicle-
stimulating hormone (FSH) prior to the age of 40, and is
associated with infertility, osteoporosis, and psychological
distress [21, 22]. Studies have found that up to 3% of women
with POI have a 47,XXX karyotype [17]; however, the prev-
alence of ovarian dysfunction among individuals with TXS is
unknown. Birth cohorts from the 1960–1970s report the ma-
jority of girls with TXS experience normal pubertal onset,
menses, and fertility; however, there were also reports of both
early and delayed puberty as well as secondary amenorrhea
[23]. A cross-sectional study of 15 peripubertal girls with TXS
reported abnormal hypothalamic-pituitary-gonadal function
with higher basal and stimulated gonadotropins as well as
decreased ovarian volumes compared with controls [24].
Overall, the literature points to a relationship between TXS
and ovarian dysfunction; however, the data are limited.

Anti-mullerian hormone (AMH) is produced by ovarian
follicles from childhood through the adult years, with a de-
cline to undetectable levels at menopause. AMH is a widely
used biomarker of ovarian reserve as it indirectly reflects the
primordial follicle pool and subsequently the remaining length
of a woman’s reproductive lifespan [25]. AMH is produced by
granulosa cells of growing ovarian follicles beginning at the
secondary stage, and the serum concentrations are largely in-
dependent of gonadotropins or the menstrual cycle, making it
more reliable and consistent relative to other biomarkers of
ovarian reserve. AMH is currently being evaluated for its ef-
ficacy in estimating ovarian reserve and predicting POI in
other at-risk pediatric populations, most notably Turner syn-
drome [26–28]. To our knowledge, no studies have evaluated
concentrations of AMH in females with TXS, and thus the
objective of this study was to assess AMH as a biomarker of
ovarian function in girls with this condition.

Methods

Study Design and Sample Population

This is a case-control study comparing participants with TXS
to female controls without TXS. Cases (N = 15) included fe-
males with TXS who were seen in the eXtraordinarY Kids
Clinic at Children’s Hospital Colorado [29] between
December 2015 and August 2019 who had AMH measured
as part of a comprehensive clinical assessment. Controls (N =
26) included females who were enrolled in a study to assess
cardiovascular health, and all had regular menses. Females
taking oral contraception, had a history of pregnancy, or a
diagnosis of polycystic ovarian syndrome, were excluded

from this study for both cases and controls [30]. In addition,
females with a known monosomy X cell line (i.e., Turner
syndrome) were excluded as this is well-known to affect ovar-
ian function. The studies were approved by the local institu-
tional review board (COMIRB #08-0512 and #10-1288), and
all parents provided written informed consent and girls pro-
vided assent as age appropriate.

Study Procedures

The diagnosis of TXS syndrome in cases was confirmed by
review of the patient’s karyotype and/or chromosomal micro-
array. Hormone concentrations were measured from standard
venipuncture serum samples. When possible, labs for post-
menarchal females were obtained on the third day of the men-
strual cycle. Additional data collection from review ofmedical
records included age at menarche, menstrual pattern, andmed-
ical and neurodevelopmental/psychological comorbidities.

All AMH and estradiol (E2) concentrations for both cases
and controls were measured at Esoterix Laboratory Services,
Calabasas Hills, CA between May 2009 and May 2019. Prior
to June 2014, AMHwasmeasured via a commercially available
Beckman Coulter Gen II AMH ELISA assay; the lower limit of
detection for this assay was 0.13 ng/mL, intra- and inter-assay
CV were < 12% and < 18% respectively. In July 2014, Esoterix
switched to an in-house electrochemiluminescent assay with
lower limit of quantification of 0.015 ng/mL and intra- and
inter-assay CV < 3% and < 13% respectively. Comparison of
the two assays demonstrated good correlation (Deming regres-
sion y = 0.94x − 0.0498, R = 0.97). AMH values obtained prior
to July 2014 were adjusted based on the equation derived by the
laboratory to allow comparison. E2 concentrations, when ob-
tained, weremeasured via high-powered liquid chromatography
tandem mass spectroscopy. Lower limit of quantification for
this assay is 1.0 pg/mL, intra- and inter-assay CV are < 9%
and < 12% respectively. FSH and LH levels, when obtained,
were measured in-house via Siemens Immulite 2000XPI assays
at the Children’s Hospital Colorado chemistry laboratory in
Aurora, CO, with lower limits of quantification of 0.10 and
0.10, and with intra- and inter-assay CV of 4.52%/2.89% and
4.91%/4.80% respectively.

Statistical Analysis

Data were examined for normality by plotting and Shapiro-
Wilk test; outliers were not excluded given the small sample
size. Median and interquartile ranges (IQR) were used to sum-
marize data. A two-sided Wilcoxon Signed Rank test was
used to compare the AMH and estradiol concentrations be-
tween groups. The proportion of patients with an AMH below
the laboratory provided normal range for females 7–25 years
(< 1.05 ng/ml) was calculated and compared between groups
using Fisher’s exact test. If more than one AMHwas obtained
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for a single participant, only the first one was used in these
analyses. Finally, a receiver operating characteristic (ROC)
curve was created to identify the sensitivity and specificity
of AMH for predicting TXS. Analyses were conducted using
GraphPad Prism version 8.1.1 for MacOS, GraphPad
Software, San Diego, California USA, www.graphpad.com.

Results

Descriptive characteristics for the cases (n = 15) and controls
(n = 26) are reported in Table 1.

Nine of the 15 girls with TXS (60%) had a prenatal TXS
diagnosis. The median age of TXS diagnosis in those diag-
nosed after birth was 8.5 years; one patient was diagnosed at
12 months of age, five patients were diagnosed between 8 and
12 years of age for reasons that included concern for develop-
mental delays and/or dysmorphic features. None of the pa-
tients were diagnosed for pubertal or reproductive concerns.
Body mass index (BMI) was lower in TXS participants, and
the prevalence neuropsychological conditions were higher.
Co-existing medical conditions were present in 60% of the
TXS group and included atopic conditions, eosinophilic
esophagitis, hypothyroidism, constipation, type 2 diabetes,
epilepsy, hypertension, pulmonary embolism, stroke,
ventriculoseptal defect, dysplastic kidney, and postural ortho-
static tachycardia syndrome. Medical conditions affected 46%
of the control group and included atopic conditions, hypothy-
roidism, migraines, gastroesophageal reflux disease, obstruc-
tive sleep apnea, and non-alcoholic steatohepatitis. Every pa-
tient with TXS had one or more neuropsychological diagnosis
including attention deficit hyperactivity disorder, anxiety, au-
tism spectrum disorder, intellectual disability, depression,
learning disability, trichotillomania, obsessive compulsive
disorder, and bipolar disorder. In comparison, only 23% of
controls had documented neuropsychological conditions in-
cluding anxiety, depression, and learning disabilities.

The median AMH for TXS participants was significantly
lower than that of controls (0.7 ng/mL (IQR 0.2–1.7) vs 2.7
(IQR 1.3–4.9), p < 0.001, Fig. 1). All 15 of the participants
with TXS had serum AMH concentrations well below the
median for the assay, and this did not correlate with age
(Fig. 2a). In addition, girls with TXS had 11 times greater
odds of having a low AMH (< 2.5th percentile for the assay)
compared with controls (95% CI 2.3–42, p = 0.001, Fig. 2b).
Using the standard laboratory cutoff for low AMH (< 1.05 ng/
dl) had 60% sensitivity and 85% specificity for TXS. The
AMH cutoff value that gave the highest sensitivity and spec-
ificity for TXS was an AMH < 1.75 ng/dl (sensitivity 80%
with 95%CI 55–93% and specificity 65% with 95%CI 46–
81%). The overall ROC model was significant with R = 0.83,
p < 0.0004. Four girls with TXS had repeat AMH measured.
Repeat AMH remained in the normal range for the one patient
who had an initial AMH in the normal range and remained
low for the other three patients who had a low initial AMH.
Gonadotropin concentrations (LH and FSH) were within nor-
mal ranges for the nine TXS participants who had them mea-
sured, despite their low AMH. Controls did not have gonad-
otropins measured so this could not be compared. Estradiol
concentrations were similar between cases and controls (me-
dian 42 (IQR 27–66) vs 46 (IQR 29–74, p > 0.1).

Twelve of the 15 TXS participants had spontaneous men-
arche between 11.5 and 14 years of age (median 12.5 IQR
11.5, 12.8). The three girls who were pre-menarchal were
5.4 years, 9.7 years, and 13.4 years old. The 13.4 year old
had not yet had thelarche, consistent with a diagnosis of de-
layed puberty. Pubertal onset and tempo was otherwise within
the normal range. Of the 12 girls who were menstruating,
eight reported having regular menstrual cycles while four

Table 1 Participant characteristics

TXS
N = 15

Control
N = 26

P value

Age in years, median
(range)

13.4 (5.4–24.2) 15.0 (13.2–17.0) 0.500

Height SDS, mean (SD) 1.05 (0.9) 0.01 (1.2) 0.004

BMI SDS, mean (SD) − 0.42 (1.5) 1.6 (0.78) < 0.001

Chronic medical
conditions, N (%)

9 (60) 12 (46) 0.400

Chronic ND/psych
conditions, N (%)

15 (100) 6 (23) < 0.001

TXS trisomy X syndrome; AMH anti-mullerian hormone; ND
neurodevelopmental; SDS standard deviation score
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Fig. 1 AMH concentrations in adolescents with trisomy X syndrome
(black circles) and controls (open circles) was not related to age. The
light gray shaded area between dashed lines represents normal range of
AMH for the assay. Cases < 11 years (n = 2) and > 19 years (n = 1) were
excluded from this figure but AMH concentrations for these individuals
can be found in Table 2. AMH= anti-mullerian hormone; TXS = trisomy
X syndrome
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reported irregular menstrual cycles, although two of the four
were within 2 years of menarche therefore irregular cycles
may be normal. Participant-level details for menarche, men-
strual pattern, and hormone concentrations for girls with TXS
are reported in Table 2. By inclusion criteria, all girls in the
control group had menarche within a normal age range and
were having regular menses at the time of assessment.

Discussion

This case-control study is the first report of AMH concentra-
tions in girls with TXS, concludingAMH is lower in this cohort
than in female adolescent controls. As AMH is a biomarker of
ovarian follicular reserve and women with TXS are known to
be an at-risk population, it is likely these lower AMH

Table 2 AMH, gonadotropin, and estradiol levels in patients with TXS

Patient Age at AMH (y) AMH (ng/mL) FSH (mIU/mL) LH (mIU/mL) E2 (pg/mL) Menarche (y) Menstrual pattern

1 5.4 0.7 – – – N/A N/A

2 9.7 1.4 4.3 0.32 8.8 N/A N/A

3 11.4 0.8 6.1 3.1 37 13.3 Regular

4 12.4 2.7 7.4 4.77 52 12 Regular

13.5 3.2 3.3 1.4 20 –

15.0 3.2 – – – –

5 12.9 0.2 7.4 3.4 – 11.5 Irregular

13.0 0.5 6.2 4.8 49 –

6 13.1 0.7 – – – 11.5 Regular

7 13.3 0.2 12.4 8.28 42 12.8 Regular

14.5 0.2 12.2 7.0 11 –

8 13.4 0.2 7.8 2.61 – N/A N/A

9 13.9 0.1 – – – 12.5 Irregular

10 14.6 1.1 – 3.24 27 13 Regular

11 16.7 1.9 2.8 3.6 – 12.5 Irregular

12 16.9 1.7 – – – 14 Regular

13 17.9 0.2 – – – 12.5 Regular

14 18.5 0.7 5.5 4.44 85 11.5 Irregular

18.7 0.3 6.0 2.0 59 –

15 19.7 2.5 5.5 6.57 66 11 Regular

Median 13.4 0.7 6.1 3.5 42.0 12.5

IQR 12.4–16.9 0.2–1.7 4.9–7.6 3.0–5.2 27–66 11.5–12.8

Italicized numbers represent group summary statistics. Dashes in FSH, LH, and E2 columns indicate that these labs were not drawn for respective
participants. Dashes in menarche column indicate date of menarche not recorded in medical charts of respective participants.

AMH anti-mullerian hormone; FSH follicle stimulating hormone; LH luteinizing hormone; E2 estradiol; TXS trisomy X syndrome.
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baFig. 2 a Median anti-mullerian
hormone (AMH) concentrations
in girls with trisomy X syndrome
(TXS; black circles) are
significantly lower than controls
(open circles). Bars represent the
median and IQR. b Girls with
TXS have an 11 times greater
odds of having an AMH below
1.05 ng/ml (< 2.5th percentile)
compared to controls
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concentrations represent diminished ovarian reserve and an in-
creased risk for future POI [31, 32]. Notably, two-thirds of girls
with TXS in this cohort had AMH levels below the range of
normal for age. Therefore, these data strongly support that di-
minished ovarian reserve is common in youth with TXS, and
that the inclusion of AMHmeasurement in this population may
be highly informative for reproductive counseling.

There has been minimal prior investigation into ovarian
function in youth with TXS. In 2016, Stagi et al. published a
cross-sectional study evaluating the hypothalamic-pituitary-
gonadal axis in 15 girls age 7–12 years with TXS compared
with age- and pubertal-stage matched females without TXS
undergoing evaluation for possible early puberty [24]. They
found that girls with TXS had higher basal and stimulated
LH and FSH concentrations and lower estradiol and inhibin
B. Girls with TXS also had significantly smaller ovarian vol-
umes than controls. Although they did not measure AMH,
these data are congruent with our study suggesting frequent
ovarian dysfunction in girls with TXS. That study also found
earlier pubertal onset, defined as development of pubertal
changes before 9 years of age, in the girls with TXS, which
has also been reported in longitudinal birth cohorts. Although
one girl in our study had premature thelarche, normal or even
delayed pubertal onset was observed in the others. Prior to the
study by Stagi et al. and our current data, most observational
studies have reported normal puberty and fertility in girls with
TXS, including many pregnancies and live births [33].
However, these studies were small and assessments may not
have been sensitive enough to detect more subtle differences.
Additional research is needed to understand the natural history
of ovarian function in longitudinal cohorts of girls with TXS
throughout the lifespan.

Potential etiologies of POI in TXS have been proposed,
including congenital malformations resulting in abnormal ovar-
ian development or localized ovarian autoimmunity [15–17,
24, 34]; however, structural defects and autoimmune condi-
tions affect a minority of females with TXS. Additional possi-
ble explanations for POI in this population include disrupted
regulation or mutations, duplications, or deletions in POI can-
didate genes on the X chromosome, such as POF1B, STS,
XNPEP2, FMR-1, and USP9X to name a few [35–37].
Overexpression of pro-apoptotic genes on the X chromosome,
such as in AIFM1, or under-expression of anti-apoptotic genes,
such as in BCORL1, may also contribute to POI in sex chro-
mosome abnormalities [37–39]. Finally, tissue-specific mosai-
cism for a monosomy X cell line is difficult to rule out. It is
clear that further investigation is needed to understand the ovar-
ian pathophysiology occurring in females with TXS.

Fertility preservation options, including oocyte cryopreserva-
tion, are clinically available for post-menarchal females at high
risk of POI, and experimental options such as ovarian cryopres-
ervation are available in some centers [40]. Recommendations
for fertility counseling and preservation exist for patients at high

risk for infertility due to iatrogenic etiologies such as radiation,
chemotherapy, or other causes [41]. Currently, there is far less
information available to assist providers in facilitating long-term
discussions surrounding future fertility for patients with genetic
conditions known to be associated with higher rates of infertility
at earlier ages [42]. Previous studies exploring attitudes and
healthcare experiences in patients at risk for infertility have
shown that patients and their parents are often confused or un-
certain about fertility questions. Many report feeling uncomfort-
able broaching these discussions and thus rely on the pediatric
provider to initiate the conversation [42, 43]. Furthermore, ab-
sence of disclosure of or discussion about fertility topics by
pediatric providers can lead to serious distress later in life for
the affected adolescent/adult [42]. It is important that pediatric
providers be able to identify pediatric populations at-risk for
future infertility and to discuss what is known in terms of their
specific risk with affected families. This needs to be done in
coordination with specialists who can discuss fertility preserva-
tion options before the window of opportunity to pursue these
options has run out. Further, consideration of the
neurodevelopmental and psychological comorbidities in TXS
in the approach to counseling and potential medical procedures
associated with fertility preservation is important and may re-
quire adaptations and collaborations across different disciplines
to support individuals with TXS and their families in decision-
making. This study and available literature suggest that TXS is a
condition in need of additional research on patient-centered out-
comes for fertility counseling and preservation.

Strengths of this study include the relatively large cohort of
young females with TXS andmeasurement of AMH at the same
commercial laboratory. The most significant limitation of this
study is the lack of longitudinal clinical outcomes, such as amen-
orrhea, consecutive FSH levels, antral follicle count, or infertility
that would be needed to confirm future POI in the girls with low
AMH. Therefore, we can only infer that low AMH in TXS has
the same implications as for typical females. Another limitation
is that our cohort of girls with TXS had lower BMI and a greater
number of comorbidities than our controls, which is not unex-
pected for this population. However, BMI alone without a con-
current diagnosis of PCOS does not appear to be associated with
AMH concentrations [44, 45]. Psychological stress may be as-
sociated with lower AMH concentrations according to a recent
study, whichmay have implications in our cohort given the high
rates of psychological diagnoses [46]. Likewise, females with
chronic kidney disease as well as chronic rheumatological con-
ditions have been reported to have lower AMH concentrations,
and the impact of other chronic illnesses on AMH is largely
unknown [47, 48]. Whether medical or psychological comor-
bidities contribute to differences in serum AMH or future ovar-
ian function in TXS is unknown and more work is needed to
understand these relationships. Despite these limitations, AMH
is widely accepted as a reliable marker of ovarian follicular
reserve, and our data are an important addition to the literature.
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Conclusion

In conclusion, children and adolescents with TXS have lower
than normal serum AMH concentrations despite normal men-
arche and menstrual patterns. Low AMH, as a biomarker of
ovarian reserve, may indicate an increased risk for eventual
POI in these patients and potentially a narrow window of
opportunity to pursue fertility preservation options. While fur-
ther investigation is needed to determine significance of this
finding and its role in clinical practice, clinical evaluation of
AMH could be considered in post-menarchal females with
TXS, especially if they experience irregular menses or second-
ary amenorrhea, with referral to a gynecologist or reproduc-
tive endocrinologist for further counseling. Additional re-
search is needed to understand the natural history of low
AMH concentrations in girls with TXS, the mechanisms and
pathophysiology of diminished ovarian reserve, and correla-
tion with clinical outcomes such as fertility, age of meno-
pause, and potentially additional impacts on psychologic, car-
diometabolic, and bone health.
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