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Abstract
The higher prevalence of autoimmune diseases in women compared to men could be due to effects
of ovarian hormones, pregnancy and/or the presence of a 2nd X chromosome. To elucidate the role
of these factors, we investigated the prevalence and spectrum of autoimmune diagnoses in women
with primary ovarian insufficiency associated with X chromosome monosomy (Turner syndrome,
TS, n=244) and women with karyotypically normal (46,XX) primary ovarian insufficiency (POI,
n=457) in a prospective study, conducted at the National Institutes of Health. We compared the
study group prevalence to normative data for the U.S. population of women. Chronic lymphocytic
(Hashimoto’s) thyroiditis (HT) occurred in 37% of women with TS vs. 15% with POI (P<0.0001);
HT prevalence in both ovarian insufficiency groups significantly exceeded that in U.S. population
of women (5.8%). Inflammatory bowel (IBD, 4%) and celiac disease (CD, 2.7%) were
significantly increased in TS, but not in POI. No other autoimmune diagnosis, including Graves’
disease or Type 1 diabetes appears to be significantly increased in either group. Women with TS
had higher pro-inflammatory IL6 and TGF β1 levels (p<0.0001 for both), and lower anti-
inflammatory IL10 and TGF β2 levels (p<0.005 for both) compared to POI and to normal
volunteers. Lifetime estrogen exposure and parity were significantly lower in TS compared to
POI, which were in turn lower than the general population of women. The finding that
lymphocytic thyroiditis is greatly increased in both women with TS and POI suggests that factors
associated with ovarian insufficiency per se promote this form of autoimmunity. The absence of a
normal second X-chromosome further contributes to increased autoimmunity in TS.
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1. Introduction
Turner syndrome (TS) results from a sex-chromosomal anomaly characterized by a presence
of one normal X chromosome and a missing or structurally abnormal second sex
chromosome1. It affects 50 per 100 000 live born girls2. The phenotype includes female
gender, short stature, primary ovarian failure, some physical features resulting from
consequences of fetal lymphedema and skeletal abnormalities1. Congenital cardiovascular
defects, atherosclerosis, osteoporosis and fractures, endocrine and metabolic disorders,
hearing loss and specific cognitive deficits are recognized contributors for increased
morbidity and mortality and decreased life expectancy in this syndrome1, 3–4.

Autoimmunity has been recognized as one of the more prominent characteristics of TS1 with
thyroid autoimmunity, and specifically Hashimoto’s thyroiditis (HT) being by far the most
common diagnosis3. Over the years several studies have described increased incidence of
variety of autoimmune conditions besides HT, such as Type 1 diabetes3, 5–6, celiac disease6,
and ulcerative colitis3. However, except for the thyroid autoimmunity there seems to be no
clear agreement about the actual risk of other autoimmune diseases, neither of the overall
burden of autoimmunity in TS. In addition, the reason why TS predisposes to autoimmunity
remains unclear.

Autoimmune diseases are typically more common in women than men7–10 and
explanation(s) for this sex dimorphism remain uncertain11–13. Much attention has been
given to a potential role for estrogen in divergent immunological responses and disease
susceptibility. While estrogens seem to impact the course of human autoimmune diseases,
effects are often inconsistent12, 14–15. Pregnancy has also been suspected of contributing to
excess autoimmunity in women, with plausible mechanisms including retention of
allogenic16 fetal cells. Another factor implicated in excess autoimmunity in women involves
the process of X chromosome inactivation, wherein one of the two X chromosomes
undergoes inactivation or transcriptional silencing during early embryonic development.
This typically results in tissue mosaicism in which approximately 50% of cells express the
maternally-derived (XMat) and 50% express the paternally-derived (XPat) X chromosome. It
has been proposed that X chromosome inactivation may be skewed during thymic
development resulting in predominant expression of only one set of X chromosome encoded
self-antigens. This may lead to inadequate thymic deletion of autoreactive T-lymphocytes,
which in turn leads to impaired “self” antigen recognition and tolerance17. The risk of
initiation of an autoimmune reaction would be enhanced if such autoreactive T cells
encounter XPat or XMat specific antigens in peripheral tissues17.

In the present study we investigate the prevalence of autoimmune disorders in large groups
of community dwelling, generally healthy women with TS and women with karyotypically
normal, spontaneous POI. The goal was to illuminate possible effects of reduced ovarian
function, low pregnancy experience and the presence or absence of a normal 2nd X
chromosome on risk for such disorders.

2. Methods
2.1 Study Subjects

We collected data from 224 consecutive participants in the “Turner Syndrome: Genotype
and Phenotype” study (CH-00-0291, NCT 00006334) and 457 consecutive participants in
the “Ovarian Follicle Function in Patients with Premature Ovarian Failure” study
(CH-91-0127, NCT 00001275) between January 2000 and March 2009. Both studies were
conducted at the Clinical Center of the National Institutes of Health (NIH). Both groups
were recruited primarily through notices on the internet and NIH home page. Study
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protocols were approved by the National Institute of Child Health and Human Development
(NICHD) institutional review board, and all participants gave written informed consent.

Subjects with TS had their diagnoses confirmed by a 50-cell peripheral white blood cell
karyotype demonstrating loss of all or part of the 2nd sex chromosome in > 70% of the cells.
Women with POI had a history of at least four months of non-iatrogenic oligo/amenorrhea
occurring before age 40, with at least two follicle stimulating hormone (FSH) levels in the
menopausal range. Only individuals with a normal 46,XX 50-cell peripheral karyotype were
included in the POI group.

2.2 Medical history
We used questionnaires, personal interviews and review of available medical records to
gathered detailed medical histories. Diagnoses of autoimmune/inflammatory diseases/
conditions were recorded only if they were documented in previous medical records or the
study participant was being treated for a particular disease/condition at the time of admission
into the study, and this disease/condition corresponded to the listing of autoimmune and
autoimmune related diseases published by the American Autoimmune Related Diseases
Association: http://www.aarda.org/research_display.php?ID=47. For purposes of this study,
participants with spontaneous hypothyroidism were given the diagnosis of Hashimoto’s
thyroiditis. Estimation of the overall burden of autoimmune disorders and comparison to the
US population was based on the following 30 relatively common autoimmune diseases,
including 22 found in our study populations: Hashimoto’s thyroiditis; Graves’ disease,
Celiac disease, Ulcerative colitis, Crohn’s disease, Pernicious anemia, Primary biliary
cirrhosis/Autoimmune hepatitis, Type-1 Diabetes, Vitiligo, Myasthenia gravis, Alopecia
totalis, Addison’s disease, Autoimmune Oophoritis, Idiopathic thrombocytopenic purpura,
Autoimmune hemolytic anemia, Psoriasis, Iridocyclitis, Pemphigoid, Multiple sclerosis,
Glomerulonephritis, Lupus, Rheumatoid arthritis, Ankylosing spondylitis, Dermatomyositis,
Behcet syndrome, Rheumatic fever, Primary Sjogren Syndrome, Scleroderma/Systemic
sclerosis, Systemic vasculitides.

2.3 Genotyping
Karyotype was determined by G-banding on 50 peripheral white blood cells for all study
participants. FISH using X and Y specific alpha satellite DNA probes was employed to
characterize marker and ring chromosomes in women with TS.

The major karyotypes for the TS study population were: 45,X =108 (48.2%); 46,Xi(X)(q) or
mosaic for 45,X/46,Xi(X)(q) = 52 (23.3%); 46,Xdel(Xp) or 46,Xdel(Xp)/45,X = 11 (4.9%);
46,XdelXq or 46,Xdel(Xq)/45,X= 11 (4.9%); mosaics for 45,X/46,XX or 45,X/47,XXX or
45,X/46,XY = 19 (8.5%) with the 45,X cell line representing >70% of the 50-metaphase
score in all cases. The remaining 23 (10.3%) were mosaics for 45,X and a 2nd abnormal cell
line including a structurally abnormal X or Y chromosome (ring, isodicentric, pseudo-
isodicentric, recombinant). The parental origin of the single normal X-chromosome was
determined as previously reported18. All women with POI had normal 46, XX karyotypes.

2.4 Cytokine measurements
Serum for cytokine measurements was collected from TS and POI study participants and
healthy female volunteers as described previously19. Stored samples from women aged 20–
40 yrs with body mass index 18–30 kg/m2 were selected for use in this study. Transforming
growth factor beta-1 and beta-2 (TGF β1, TGF β2), and interleukin 6 and 10 (IL6 & IL10)
concentrations were measured with Enzyme Linked Immunosorbent Assays (Quantikine®
Immunoassay kits manufactured by R&D systems; catalog numbers DB100B, DB250,
D6050, D1000B) according to manufacturer protocol. Samples were activated before TGFβ
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assay by acidification using 1 M HCl. All measurements were performed in duplicate. The
intra-assay coefficients of variation were 5.6% for TGF β1, 5.2% for TGF β2, 4.2% for IL6,
and 5.0% for IL10.

2.5 Statistics
Continuous data are expressed as means ± standard deviation. Nominal variables are
expressed as number, percent or per 1000 as needed. Continuous variables were compared
by ANCOVA with t-test. Generalized linear model with binominal distribution was used to
analyze associations and to compare nominal variables. P-value of <0.05 was the cutoff for
rejecting the nil hypothesis with Bonferroni correction used for multiple comparisons. Our
study sample of n=224 (TS) and n=457 (POI) provides ≥80% power to detect the following
magnitudes of increased risk compared to the general population (allowing ≤0.05 probability
of type 1 error): for disease with 5% prevalence in the general population, our minimal
detectable increase is 1.7 fold for TS and 1.5-fold for POI; for disease with 1% prevalence –
2.7 fold for TS and 2.2 fold for POI, and for 0.5% prevalence – 3.6 fold for TS and 2.6 fold
increase for POI. JMPR 8.0 (SAS Institute Inc., Cary, NC) statistical software was used.

3. Results
3.1 Study groups

There were 224 TS participants with average age of 35.7 (18–67 yrs) and 451 POI
participants, with average age of 31.9 (18–42 yrs). The age difference reflects the inclusion
criteria for age for the respective study: ≥18 years for TS, and 18–42 years for POI. The
racial composition was similar in the two groups, with 80–90% self-identified as White, and
the remainder equally divided between Black, Asian and Hispanic.

3.2 Spectrum of Autoimmune Diagnoses in TS and POI
Women with TS had over 2-fold higher cumulative incidence of autoimmune diseases
compared to those with POI: 15.3 versus 7.1 cases /1000 patient-years, p<0.0001. Almost
50% of the TS study group (102/224) carried at least one autoimmune diagnosis, compared
to 20% of the POI group (91/457; p<0.0001). Fourteen women with TS (6.3%) compared to
11 women with POI (2.4%) had more than one autoimmune diagnosis at the time of study,
p=0.022.

Hashimoto’s thyroiditis (HT) was the leading autoimmune diagnosis encountered in our
study, affecting 37% of women with TS and 15% of women with POI (P<0.0001; Table 1).
This is compared to the 5% prevalence in the general US female population (relative risk in
TS =7.2, 95% CI: 5.8–8.7, and in POI 3.0, 95% CI: 2.3–3.7). Since HT typically increases in
prevalence with age, we also compared the rate in age-stratified TS and POI groups. HT was
present in 24/76 or 31.6% of TS and 17/137 or 12.4% of the POI groups aged 18–29
(P=0.001), and in 38/99 or 38.4% of the TS group and 52/32 or 16.2% of the POI group
aged 30–45 (P<0.0001).

Interestingly, immunity directed at the thyroid stimulating hormone receptor (Graves’
disease) was not significantly increased in TS or POI groups (Table 1). Given our study
sample sizes, we could detect a ≥2.1-fold increase in RR for Graves disease in TS and a 1.8-
fold increase in POI.

Inflammatory bowel disease (IBD) and celiac disease were both increased in TS but not POI
(IBD 4.0% TS vs 0.2% POI, p<0.0001; celiac disease 2.7% TS vs 0% POI, p=0.002;
prevalence in the US female population is 0.46% and 0.063% respectively; Table 1; Fig. 1).
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Type 1 diabetes was not significantly increased in our TS or POI groups compared to the US
population of women (Table 1). The estimated RR was 2.4 among women with TS (p=0.5)
and 1.7 in POI (p=0.59), with statistical power of our sample size to detect RR > 4.7 in TS
and RR >2.9 in POI. There were no cases of liver autoimmune disease, i.e. chronic active
hepatitis or biliary cirrhosis in our 681 patients. Among subjects with TS, there was no
statistical association between the diagnoses of HT and IBD or CD (data not shown). While
HT and pooled IBD/CD are clearly increased in the TS population, the combined all other
autoimmune diagnoses are not significantly increased in TS or POI compared to the U.S.
population of women (Fig 1).

3.3 Estrogen exposure, pregnancy and risk for AID
The excess of certain AID, including HT and IBD/CD, in women compared to men has led
to the consideration of a role for estrogens and/or pregnancy as risk factors for these
diseases. However, both TS and POI groups have less estrogen exposure and a very low rate
of pregnancy compared to the general population of women. To quantify the relative degree
of estrogen exposure in our study groups, we used the estrogen exposure index (EExp %),
which measures the percent of time between the usual age of menarche and menopause that
each subject had estrogen exposure (either endogenous production or pharmacologic
estrogen treatment). As shown in Table 2, the average EExp% was slightly higher in TS and
POI individuals with a diagnosis of HT, but this increase was not statistically significant.
Estrogen exposure appears to have no association with diagnoses of IBD/CD in TS (Table
2). There was only one case of IBD in the POI group. There was no association between
history of pregnancy and risk for HT or IBD/CD in either TS or POI groups (Table 2).

3.4 Smoking
Smoking has been identified as a risk for thyroid autoimmunity so we reviewed the smoking
history in our two groups. The smoking rate was low for both study groups: 15/224 (6.7%)
current or former smokers for TS and 65/457 (14.2%) for POI. Smoking was not associated
with increased risk for HT (data not shown).

3.5 Cytokine Profiles
We compared serum levels of cytokines relevant for inflammation/immunity (TGF β1, TGF
β2, IL6 and IL10) in women with TS (sex-chromosome haploinsufficiency and primary
ovarian insufficiency), versus 20 women with POI (normal sex-chromosomes, and primary
ovarian insufficiency), versus 20 age matched NV women (normal sex-chromosomes, and
normal ovarian function), Fig. 2.

Serum levels of pro-inflammatory cytokines IL6 and TGF β1 were approximately 2-fold
higher in TS compared to POI and NV women, while serum levels of anti-inflammatory
cytokines TGF β2 and IL10 were significantly decreased (Fig. 2 and Table 3). Sub analysis
did not show association of current cytokine levels with presence or absence of autoimmune
diseases.

3.6 Genetic factors and risk of autoimmune disorder in TS
We compared the prevalence of HT, IBD/CD and all other AID in women with Turner
syndrome with pure 45,X karyotype to those with karyotype containing an isochromosome
Xq (IsoXq). IsoXq results from deletion of the short arm of the X-chromosome (Xp), and
anti-parallel fusion of two long arms (Xq). The risk for HT was significantly higher in the
IsoXq group (P<0.03). There seems to be a trend for increased risk for IBD/CD in the IsoXq
group although statistical significance was not attained due to small number of cases.
However, the IsoXq group had significantly more cases of “other” AID (P<0.02; fig 3).
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The parental origin of the single normal X chromosome was conclusively determined for
156 women with TS; it was maternally derived (XMat) in 73%; and paternally-derived (XPat)
in 27%. The prevalence of HT was similar in XMat and XPat groups (P=0.7). There were too
few cases in other AID categories to allow XMat versus XPat analyses.

4. Discussion
We found a high prevalence of autoimmune diseases in two groups of women with primary
ovarian insufficiency. Almost half of women with TS and 20% of women with idiopathic
POI were affected by at least one autoimmune disease. Similar to the general US population,
Hashimoto’s thyroiditis was by far the dominant autoimmunity in our study groups but with
significantly higher prevalence: 37% in TS, 15% in POI and 4.8% in the general population
of women. In addition to the high rate of thyroid autoimmunity, women with TS had
significantly increased risk of intestinal autoimmunity, i.e. inflammatory bowel and celiac
diseases, compared to both women with POI and the US population of women. Consistent
with their high rate of autoimmune/inflammatory disorders, women with TS exhibited
significant increase in pro-inflammatory cytokines (IL6 and TGF β2) and decreases in anti-
inflammatory cytokines (IL10 and TGF β1) compared to karyotypically normal women with
or without ovarian insufficiency. An elevated IL6 level has been noted in women with TS
previously20.

The clear finding that common autoimmune disorders are most notably increased in study
groups with lower estrogen exposure and low pregnancy rates compared to the general
population of women suggests that estrogen exposure and pregnancy do not explain the
greater risk for autoimmunity in women compared to men. The fact that the highest
prevalence of autoimmunity is seen in women with TS that have more extreme estrogen
deficiency and lowest pregnancy rate strongly supports the view that factors associated with
ovarian failure increase the rate of autoimmunity.

The present study confirms earlier observations indicating high prevalence of thyroid
autoimmunity in TS3, 21–23, and in POI24(an early report from the NIH POI study that did
not include current participants). Importantly, we were able to show that the increased
thyroid autoimmunity in both these groups is specifically Hashimoto’s thyroiditis. Graves’
disease does not appear increased in either group; however, a larger sample size might
empower detection of a small increase in TS of this less common type of thyroid
autoimmunity.

HT is the most common autoimmune disease, affecting 3.4% of men and 5.8% of women in
the US 25. It is characterized by chronic lymphocytic infiltration of the thyroid gland and
gradual destruction of the follicles resulting in thyroid dysfunction and frank
hypothyroidism. Lymphocytic cytokines induce thyreocyte apoptosis involving fas and fas
ligand pathways 26. Thyroid peroxidase and thyroglobulin antibodies are often used as
diagnostic marker although their pathogenetic role is uncertain. Risk factors for HT include
female gender, family history, age, thyroid injuries, and smoking27. Our observation
(illustrated on Fig. 4) shows a stepwise increase in the prevalence of HT from men (3.4%) to
women (5.8%), to women with idiopathic 46,XX POI (15%) to women with TS (37%) thus
leading to the hypothesis that androgen deficit may be involved in the pathogenesis of this
autoimmune condition. Androgens, such as testosterone and androstenedione are produced
in greatest abundance by normal testes, but are also produced by normally functioning
ovaries. Average circulating testosterone levels and predicted lifetime androgen exposure
are highest in normal men, followed by women with normal ovarian function, and are
significantly reduced in women with 46,XX POI28 and even lower in women with TS29

(Fig. 4). Thus androgen exposure exhibits an inverse correlation with risk for HT. Consistent
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with a protective role for androgen effects, androgens are shown to suppress autoimmunity
in experimental systems, including reduced development of HT in mice7, 30. Thus, higher
androgen levels might exert a protective role in men, while low androgen levels seem to be
one plausible explanation for the increased risk of HT in women with ovarian insufficiency.

Estrogens are also produced by normal ovaries and have been implicated in modulation of
some autoimmune diseases. In this study there was no correlation between estrogen
exposure and thyroid autoimmunity or other autoimmune conditions. If estrogens have some
role in autoimmunity modulation it should be suppressive rather than stimulating based on
the fact that women with normal ovarian function and therefore higher lifetime estrogen
exposure have much less thyroid and other autoimmunity compared to hypo-estrogenic
women with POI and TS.

History of previous pregnancies was not associated with higher risk for HT in our study
groups. The latter finding and the fact that thyroid autoimmunity is highly prevalent in two
populations with low pregnancy rate do not support the hypothesis implicating fetal
microchimerism as a major factor in the pathogenesis of thyroid autoimmunity. A recent
population based study from Denmark also suggests that pregnancy has a very small role in
the risk for autoimmune disorders in women31.

Women with TS have much higher prevalence of HT, IBD, CD and a variety of other
autoimmune conditions than those with POI. Therefore, haploinsufficiency for X-
chromosome related gene(s) may play a prominent role in pathogenesis of HT and other
autoimmune conditions32. There are at least ten genes located on the X-chromosome that
have possible immune regulatory functions33. One is FOXP3 that encodes a transcription
factor critical for the function of natural regulatory T-cells (a subset of CD4 lymphocytes)
that suppress auto-reactive T-cell in the periphery33. It maps to the short arm of the X-
chromosome: Xp11.23 (http://omim.org/entry/300292). FOXP3 deletions cause
immunodysregulation, polyendocrinopathy, and entheropathy, X-linked (IPEX).
Polymorphisms of the FOXP3 gene are associated with thyroid autoimmunity in Caucasian
men and women34, suggesting that FOXP3 haploinsufficiency could explain the increased
risk of thyroid autoimmunity in women with TS.

Our study confirms the previously reported association of IsoXq karyotype among women
with TS with excess thyroid autoimmunity22 and expands this risk to other AID diseases.
The IsoXq is a relatively common rearrangement in which long arm (Xq) duplicates are
fused together head to head, with deletion of the short arm. This creates a karyotype that is
monosomic for Xp and trisomic for Xq. The full TS phenotype is mainly due to
haploinsufficiency for pseudoautosomal genes located on the terminal Xp and is found in
individuals with 46,XdelXp35. The mechanism by which IsoXq increases the risk of
autoimmune diseases, especially HT, is unknown. Previously we have shown that IsoXq
chromosome was associated with higher prevalence of type-2 DM36 which was explained by
increased pro-inflammatory gene transcripts. Similar mechanism might be responsible for
the higher risk of Hashimoto’s hypothyroidism in women with TS and IsoXq. We
hypothesize that a missing Xp, as in 45,X or 46,Xi(Xq) or 46,Xdel(Xp) predisposes to
thyroid autoimmunity (lymphocytic thyroiditis) possibly through FOXP3
haploinsufficiency, while having a triple dose of the Xq (as in IsoXq), in addition to missing
Xp increases pro-inflammatory and apoptotic responses thus leading to higher prevalence of
clinically evident target organ failure, i.e. hypothyroidism. We found no association of
parental origin of the single normal X-chromosome and risk for HT. Also, the high
prevalence of HT (35.2%) among individuals with a single X-chromosome (45,X) shown in
this study is at odds with the hypothesis that skewed X-chromosome inactivation is a major
mechanism for HT in women37.
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To our knowledge this is the first prospective study to describe a spectrum of autoimmune
diseases in a large groups of genetically well characterized, community dwelling (i.e., not
clinic or hospital derived) adult women with TS and idiopathic POI. We were able to show
that ovarian insufficiency is a risk factor for thyroid autoimmunity and thus women with TS
and other forms of primary ovarian insufficiency should be screened for HT and
hypothyroidism. Furthermore, we showed that X-chromosome gene haploinsufficiency is
associated with pro-inflammatory cytokine phenotype and further increase in risk for HT,
IBD/CD, and other autoimmune diseases.

Weakness of our study could be a positive ascertainment bias for thyroid diseases due to the
characteristics of our study groups. Patients with POI and TS are more likely to have thyroid
tests performed as part of their evaluation and follow up compared to their peers. This may
lead to increased case finding of subclinical hypothyroidism in those two study groups
creating the impression of high prevalence compared to the general population. While this
possibility cannot be ruled out completely, it does not explain the magnitude of the increased
prevalence of HT, especially taking into account the relatively young age of our study
groups. Also, ascertainment bias cannot explain the observed difference between POI and
TS. Furthermore, the epidemiological data for the US population is derived from NHANES
study where thyroid tests were done for screening purposes. And finally, ascertainment bias
cannot explain the increased number of IBD/CD and other autoimmune diagnoses in women
with TS because these are not targets for screening. Our study might have a negative
selection bias for participants who have autoimmune diseases that cause significant
morbidity and thus the individuals affected by them are less likely to enroll in studies
focusing on health issues unrelated to the severe condition. And finally, the number of
patients with TS in this study is not large enough to allow detection of smaller but clinically
relevant increases in the risk of relatively rare AID. This may explain why we did not find
statistically significant increase in Graves disease or Type 1 DM, as reported by
Scandinavian researchers3.

5. Conclusion
In conclusion, our study demonstrates that ovarian insufficiency and absence of a second
normal X chromosome are associated with an increased risk of development of Hashimoto’s
thyroiditis and possibly other autoimmune disorders.
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• we studied autoimmunity in 46,XX and 45,X primary ovarian failure

• we studied autoimmunity in context of estrogen, pregnancy and X chromosome
number

• ovarian failure is associated with risk for thyroid autoimmunity

• missing an X-chromosome causes more thyroid and other autoimmunity

• estrogen exposure does not increase autoimmunity risk
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Fig. 1. High prevalence of Hashimoto’s thyroiditis and inflammatory bowel disease/celiac disease
in Turner Syndrome
TS - Turner Syndrome; POI – Primary Ovarian Insufficiency; US – United States adult
population of women; IBD – Inflammatory Bowel Disease; CD-Celiac Disease.
^For TS the numbers of diagnoses are actual count; For POI and US female population the
numbers represent expected diagnoses for a sample equal to TS group, i.e. 224. For the POI
group the counts are extrapolated from the actual diagnoses in 457 individual. For the
general US population of women the numbers were derived from published epidemiological
data, based on 30 relatively common autoimmune diseases, including 22 found in our study
populations (see text) and adjusted for a sample of 224 patients. **P <0.0001 for
comparisons TS v POI and TS v US population; *P <0.0001 for comparison of POI v US
population. ( 2 test with Yates correction)

Bakalov et al. Page 13

J Autoimmun. Author manuscript; available in PMC 2013 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2. Serum cytokines in women with TS, POI and women with normal ovarian function
The box plot graphs show interquartile range and median within the box and 10–90 centile
range within the whiskers. There were 20 women in the POI and NV assays, and 49 in the
TS group. Each group included individuals between ages 20–40 yrs and BMI 18–30 kg/m2.
This data is further compared in Table 3. TS - Turner syndrome; POI - primary ovarian
insufficiency; NV- women with normal ovarian function
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Fig. 3. Isochromosome Xq is associated with higher risk for autoimmunity
45, X – women with TS and 45,X karyotype in all 50 peripheral white blood cells (n=108);
IsoXq – women with karyotype that contains isochromosome Xq in 50–100% of the tested
cells, and 45,X in the rest (n=24). IsoXq results from a deletion of the short arm (Xp) and
anti-parallel fusion of duplicated long arm Xq. Data represents prevalence (%). The
comparison was made by using generalized linear model with age adjustment. *P=0.032;
**P=0.018
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Fig. 4. Inverse relation of prevalence of Hashimoto’s thyroiditis and average serum testosterone
Bars represent prevalence of Hashimoto’s thyroiditis express as % (right vertical axis).
Circles represent average serum testosterone levels as ng/dl (left vertical axis) in men,
women with normal ovarian function, women with 46,XX POI and women with TS. The
values in both axes are on a logarithmic scale.

Bakalov et al. Page 16

J Autoimmun. Author manuscript; available in PMC 2013 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Bakalov et al. Page 17

Ta
bl

e 
1

Pr
ev

al
en

ce
 o

f 
A

ID
 a

m
on

g 
w

om
en

 w
ith

 T
S 

co
m

pa
re

d 
to

 w
om

en
 w

ith
 P

O
I 

an
d 

U
S 

fe
m

al
e 

po
pu

la
tio

n

D
ia

gn
os

is
T

S 
(n

=2
24

)
P

O
I 

(n
=4

57
)

P
 (

T
S 

v 
P

O
I)

U
S 

fe
m

al
e 

po
pu

la
ti

on
*

R
R

 in
 T

S 
(9

5%
C

I)

P
re

va
le

nc
e 

%
 (

N
)

P
re

va
le

nc
e 

%

H
as

hi
m

ot
o’

s 
th

yr
oi

di
tis

36
.6

 %
(8

2)
15

.1
%

 (
69

)
<

 0
.0

00
1

5.
8%

25
7.

2 
(5

.8
5–

8.
7)

IB
D

^
4.

0%
 (

9)
0.

2%
(1

)
<

0.
00

01
0.

46
%

38
17

.2
 (

8.
5–

33
.2

)

C
el

ia
c 

D
is

ea
se

2.
7%

 (
6)

0
0.

00
2

0.
06

3%
39

†
42

.5
 (

12
.4

–1
44

.8
)

G
ra

ve
s 

di
se

as
e

2.
7%

 (
6)

0.
9%

 (
4)

0.
35

4
1.

9%
9

1.
4 

(0
.5

7–
3.

22
)

T
yp

e-
1 

D
M

0.
9%

 (
2)

0.
7%

 (
3)

0.
55

2
0.

38
40

2.
37

 (
0.

40
–9

.9
)

Ps
or

ia
si

s
3.

1%
 (

7)
1.

3%
(6

)
0.

11
4

3.
15

%
41

0.
99

 (
0.

3–
3.

1)

R
he

um
at

oi
d 

ar
th

ri
tis

0.
9%

 (
2)

1.
5%

 (
7)

0.
64

2
1.

06
%

42
0.

84
 (

0.
14

–3
.4

0)

L
up

us
0.

9%
 (

2)
0.

2%
 (

1)
0.

34
%

43
2.

6 
(0

.4
4–

11
.0

)

V
iti

lig
o

0.
4%

 (
1)

0.
4%

 (
2)

0.
4%

9

A
nk

yl
os

in
g 

sp
on

dy
lit

is
0.

4%
 (

1)
0

0.
07

%
42

Ir
id

oc
yc

lit
is

0.
4%

 (
1)

0
0.

06
%

44

A
lo

pe
ci

a 
to

ta
lis

0.
4%

 (
1)

0
0.

02
4%

45

M
ya

st
he

ni
a 

gr
av

is
0.

4%
 (

1)
0

0.
00

74
%

46

Sa
rc

oi
do

si
s

0.
4%

 (
1)

0
0.

00
5%

47

R
he

um
at

ic
 f

ev
er

0
0.

4%
 (

2)
<

0.
3%

48

A
dd

is
on

’s
 d

is
ea

se
0

0.
2%

 (
1)

0.
02

6%
46

Pe
m

ph
ig

oi
d

0
0.

2%
 (

1)
0.

00
8%

49

D
er

m
at

om
yo

si
tis

0
0.

2%
 (

1)
0.

00
68

%
9

B
eh

ce
t s

yn
dr

om
e

0
0.

2%
 (

1)
0.

00
64

%
50

A
I 

O
op

ho
ri

tis
0

0.
2%

 (
1)

N
o 

da
ta

* T
he

 p
re

va
le

nc
e 

da
ta

 f
or

 th
e 

U
.S

. a
du

lt 
fe

m
al

e 
po

pu
la

tio
n,

 o
bt

ai
ne

d 
fr

om
 th

e 
so

ur
ce

s 
ci

te
d 

in
 th

e 
T

ab
le

 “
co

lu
m

n 
5”

 in
cl

ud
es

 a
ll 

w
om

en
 a

ge
 ≥

20
 a

nd
 th

us
 m

an
y 

ol
de

r 
w

om
en

 r
el

at
iv

e 
to

 th
e 

T
S 

an
d 

PO
I

gr
ou

ps
.

^ IB
D

 =
 I

nf
la

m
m

at
or

y 
B

ow
el

 D
is

ea
se

: C
ro

hn
’s

 d
is

ea
se

 n
=

5 
w

om
en

 w
ith

 T
S 

an
d 

1 
w

it 
PO

I 
an

d 
U

lc
er

at
iv

e 
co

lit
is

, n
=

4 
w

om
en

 w
ith

 T
S)

.

† D
ia

gn
os

is
 o

f 
ce

lia
c 

di
se

as
e 

w
as

 b
as

ed
 o

n 
cl

in
ic

al
 g

ro
un

ds
.

J Autoimmun. Author manuscript; available in PMC 2013 June 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Bakalov et al. Page 18
St

at
is

tic
al

 c
om

pa
ri

so
n 

of
 p

re
va

le
nc

e 
of

 a
 s

pe
ci

fi
c 

A
ID

 b
et

w
ee

n 
T

S 
an

d 
PO

I 
gr

ou
ps

 w
as

 p
er

fo
rm

ed
 o

nl
y 

if
 th

er
e 

w
er

e 
≥ 

5 
ca

se
s 

by
 u

si
ng

 a
 g

en
er

al
iz

ed
 li

ne
ar

 m
od

el
 w

ith
 c

or
re

ct
io

n 
fo

r 
ag

e;
 th

e 
B

on
fe

rr
on

i
co

rr
ec

tio
n 

fo
r 

m
ul

tip
le

 c
om

pa
ri

so
ns

 s
pe

ci
fi

es
 P

<
0.

00
7 

as
 s

ig
ni

fi
ca

nt
. T

he
 r

is
k 

of
 a

 s
pe

ci
fi

c 
au

to
im

m
un

e 
di

se
as

e 
re

la
tiv

e 
to

 th
e 

U
S 

ad
ul

t f
em

al
e 

po
pu

la
tio

n 
(R

R
) 

w
as

 c
al

cu
la

te
d 

on
ly

 f
or

 T
S 

gr
ou

p,
 a

nd
 o

nl
y

fo
r 

di
ag

no
se

s 
w

ith
 ≥

2 
ca

se
s 

in
 th

e 
T

S 
gr

ou
p.

J Autoimmun. Author manuscript; available in PMC 2013 June 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Bakalov et al. Page 19

Ta
bl

e 
2

Pa
ri

ty
, l

if
et

im
e 

es
tr

og
en

 e
xp

os
ur

e 
an

d 
th

e 
ri

sk
 f

or
 A

ID

A
ID

T
S 

(2
24

)
P

O
I 

(4
57

)

G
n 

(n
=8

)
G

0 
(n

=2
16

)
E

E
xp

 %
G

+ 
(1

69
)

G
0 

(2
88

)
E

E
xp

 %

H
T

 +
5 

(6
2.

5%
)

77
 (

35
.6

%
)

69
±

33
 (

n=
82

)
24

 (
14

.2
%

)
45

 (
15

.6
%

)
87

±
13

 (
n=

69
)

H
T

 −
3 

(3
7.

5%
)

13
9 

(6
4.

4%
)

64
±

33
 (

n=
14

2)
14

5 
(8

5.
8%

)
24

3 
(8

4.
4%

)
82

±
22

 (
n=

38
8)

P
X

2 =
2.

27
; P

=0
.1

3
P=

0.
28

X
2 =

0.
33

; p
=0

.5
6

P=
0.

07

IB
D

/C
D

 +
0

15
 (

6.
9%

)
64

±
36

 (
n=

15
)

IB
D

/C
D

 −
8 

(1
00

%
)

20
1 

(9
3.

1%
)

64
±

32
 (

n=
20

9)

P
X

2 =
1.

38
; P

=0
.2

4
P=

0.
86

G
n 

de
no

te
s 

a 
hi

st
or

y 
of

 a
t l

ea
st

 o
ne

 p
re

gn
an

cy
; G

0 
– 

no
 h

is
to

ry
 o

f 
pr

eg
na

nc
y;

 E
E

xp
%

-e
st

ro
ge

n 
ex

po
su

re
 (

ca
lc

ul
at

io
n 

is
 e

xp
la

in
ed

 in
 m

et
ho

ds
).

J Autoimmun. Author manuscript; available in PMC 2013 June 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Bakalov et al. Page 20

Table 3

Disruption of cytokine balance in women with TS

Control (40) TS (49) P

Age (yr) 34±8 31±12 0.12

Body mass (kg/m2) 25.8±6.5 28.2±8.9 0.17

TGF β1 (ng/ml) 11.9±1.3 31.6±2.5 <0.0001

TGF β2 (pg/ml) 1607±71 486±80 <0.0001

IL6 (pg/ml) 5.6±0.2 10.3±0.9 0.0004

IL10 (pg/ml) 4.9±0.3 3.5±0.1 <0.0001

Control group included 20 women with POI and 20 female volunteers with normal ovarian function. Cytokine levels were equal for POI and
normal volunteer groups (shown in Fig. 2) so here the data were combined as ‘Controls’. Cytokine levels were compared by ANCOVA with age
and BMI as covariates.
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