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Background: Autoimmune thyroid disease (AITD) is the most common

autoimmune disease in patients with Turner Syndrome (TS). There is a high

prevalence of AITD in TS patients, it has an early age of onset and can present as

severe thyroid dysfunction. The specific etiology of AITD in TS is not clear and

may be associated with sex chromosome-related genetic defects, immune

dysfunction, or sex hormone imbalance due to ovarian insufficiency. The aim

of this study was to investigate the prevalence and related influencing factors of

AITD in Chinese patients with TS.

Methods: In total 63 female patients aged 14–32 diagnosed with TS received titer

of thyroid autoantibodies and thyroid function examinations, including thyroid

stimulating hormone (TSH), free tetraiodothyronine (FT4), free triiodothyronine

(FT3), total thyroxine (TT4), total triiodothyronine (TT3), thyroid peroxidase

antibody (TPOAb) and thyroglobulin antibody (TgAb). The effects of age, body

mass index (BMI), karyotype, fasting insulin, blood lipids and other factors that

may affect thyroid function were analyzed, and the possible risk factors

associated with AITD in TS patients explored.

Results: Of the 63 TS patients, 24 (38.10%) had normal thyroid function and 39

(61.90%) patients had TgAb and/or TPOAb. Among the 39 women with positive

thyroid autoantibodies, 10 had abnormal thyroid function, including 3 with

hyperthyroidism and 7 with hypothyroidism. Patients with isochromosome X

had an increased risk of developing AITD.

Conclusions: The risk of AITD with TS correlates with the chromosomal

karyotype, patients with isochromosome X have an increased risk of AITD.

Patients with positive thyroid autoantibodies have a higher risk of

thyroid dysfunction.
KEYWORDS

Turner syndrome, autoimmune thyroid disease, thyroid autoimmunity, chromosomal
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1 Introduction

Turner Syndrome (TS), also known as congenital ovarian

hypoplasia syndrome, is a sex chromosome disorder caused by

abnormalities in the number or structure of the X chromosome,

with a prevalence rate of approximately 1/2500-1/4000 in live-born

female infants (1, 2). The most common karyotype of TS is 45, X,

accounting for about 30%-40% of all karyotypes, followed by

mosaic patterns (45, X/46, XX), accounting for about 20%-30%,

and the rest are X chromosome abnormalities (insertions and

deletions). In addition, Y chromosome material is present in

about 5% of TS patients and chromosomal markers (segments

originating from the X or Y chromosome) are present in 3% of

TS patients (3, 4). TS typically presents with short stature, ovarian

insufficiency and congenital malformations, and is often

accompanied by a variety of autoimmune disorders, such as

autoimmune thyroid disease (AITD), diabetes mellitus, juvenile

idiopathic arthritis, inflammatory bowel disease, celiac disease, and

psoriasis. Of these, AITD is the most common autoimmune disease

in patients with TS (5).

The relationship between TS and thyroid disease was first

suggested by Atria et al. (6), who found a large lymphocytic

infiltration in the thyroid gland in the autopsy report of a patient

with TS. A meta-analysis of cross-sectional studies in Europe showed

that the prevalence of AITD in TS patients ranged from 10.5% to

67.5% (7). The prevalence of different studies varied greatly, which

may be due to differences in age, karyotype, sample size and race of

the subjects. The etiology of AITD in TS has not been widely studied,

it may be associated with genetic factors related to sex chromosomes

and sex hormone levels (8–10). Previous studies have shown that the

deletion of related genes caused by haploinsufficiency of the X

chromosome plays a key role in TS combined with thyroid disease,

and that at least 10 genes on the X chromosome were involved in

immunomodulatory effects, these genes provide important clues to

our deeper understanding of the mechanisms of TS combined with

thyroid disease (11–13). AITD also occurs more frequently in TS

females with isochromosome X (14, 15). Genes located on the long

arm of the X chromosome may play a significant pathogenic role in

the development of autoimmune diseases, while an imbalance

between loci on the short and long arms of the X chromosome

may elevate the risk of immune dysfunction (16). Bakalov et al. (8)

reported that lymphocytic thyroiditis is greatly increased in both

women with TS and primary ovarian insufficiency (POI), suggesting

that factors associated with ovarian insufficiency per se promote this

form of autoimmunity, and the absence of a normal second X-

chromosome further contributes to increased autoimmunity in TS.

TS patients often have concomitant metabolic disorders. Studies have

shown that there is a potential link between multiple metabolic

abnormalities and AITD. Obesity can lead to changes in thyroid

hormone activity, malnutrition or nutritional deficiencies can be the

cause of thyroid disorders, and AITD is associated with

abnormalities in glucose metabolism, resulting in an increased risk

of type 1 and type 2 diabetes mellitus (17). In a longitudinal cohort

study in Korean women dyslipidemia was shown to be a risk factor

for hypothyroidism (18). However, there is currently a lack of
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national and international studies investigating the potential

association between metabolic abnormalities and AITD in

TS women.

Thyroid dysfunction in children can have an impact on both

physical and mental development. Hypothyroidism or subclinical

hypothyroidism may increase the risk of cardiovascular disease,

including coronary atherosclerosis and acute coronary syndromes

(19, 20). Therefore, a heightened awareness of AITD may lead to

early diagnosis and treatment, thereby preventing adverse effects on

growth, intellectual development, and even the cardiovascular

system. Here, this study aimed to investigate the factors that

affect AITD in TS patients, including age, chromosomal

karyotype, body mass index, lipid levels, calcium levels,

phosphorus levels, and fasting insulin levels.
2 Materials and methods

2.1 Clinical characteristics

Sixty-three female patients diagnosed with TS in the

Department of Gynecology and Endocrinology, Guangzhou

Women and Children’s Medical Center affiliated to Guangzhou

Medical University were recruited and confirmed by chromosome

karyotype analysis of their peripheral blood (21). Patients who had

not received growth hormone therapy in the last three years and

were taking hormone replacement therapy were included. Patients

who refused to cooperate or were unable to undergo thyroid

examination were excluded. All patients denied a history of

radiation exposure, hypothalamic or pituitary disease, a family

history of thyroid disease, smoking and drinking history. General

information and clinical data of the patients were collected,

including age, height, weight, body mass index (BMI),

chromosome karyotype, thyroid function, thyroid autoantibodies,

blood lipid concentrations, and hormone treatment status. This

study was approved by the Ethics Committee of Guangzhou

Women and Children’s Medical Center, and all participants or

their guardians signed an informed consent form.
2.2 Laboratory examinations

Fasting venous blood samples were taken from all subjects.

Peripheral blood was collected into inert separating gelatinizing

tubes, serum collected and stored at −20°C until required for

ana lys i s . Thyro id s t imulat ing hormone (TSH) , f ree

tetraiodothyronine (FT4), free triiodothyronine (FT3), total

thyroxine (TT4), total triiodothyronine (TT3), thyroid peroxidase

antibody (TPOAb), thyroglobulin antibody (TgAb), total

cholesterol (TC), triglyceride (TG), high-density lipoprotein

cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-

C), calcium (Ca), phosphorus (P), and fasting insulin (FIns) were

measured in the serum of all subjects. Thyroid function and fasting

insulin were measured by the electron chemiluminescence

immunoassay in the Abbott I2000 analyzer, and calcium,
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phosphorus and blood lipid levels of all subjects were measured by

the Hitachi 7600–200 analyzer.
2.3 Diagnostic criteria

2.3.1 TS diagnostic criteria
Karyotype analysis of peripheral blood is the gold standard for

the diagnosis of TS and usually requires karyotype analysis of 30

standard cells (21). If <10% of cells were karyotyped as chimeric and

chimerism was strongly suspected, at least 50 interphase and more

mid division cells were counted or fluorescence in situ hybridization

analyzed to exclude chimerism. For the majority of cases, karyotype

type is sufficient to confirm the diagnosis of TS. If TS is strongly

suspected clinically, but the result of the initial karyotype type is

normal, a second karyotype type should be performed using

different tissues, such as skin (fibroblasts), bladder epithelial cells

in urine samples or buccal mucosal cells (22).

2.3.2 Diagnostic criteria for AITD
1AITD is an inflammatory condition of the thyroid gland caused by

an autoimmune response, which triggers lymphocytic infiltration. The

condition is characterized by the presence of thyroid-specific antigenic

cells and thyroid autoantibodies in the circulation. The diagnosis was

based on the guidelines determined by the Chinese Medical Association.
2.4 Statistical analysis

The SPSS 26.0 software package was used for statistical analysis

of all data. The measurement data with normal distribution is

represented by mean ± standard deviation, and the comparison

between the two groups was performed by t test. Counting data are

expressed as the number of cases and percentages and compared

using chi-square test or Fisher’s exact test. P<0.05 was considered as

statistically significant.
3 Results

3.1 Basic characteristics

A total of 63 patients aged 14–34 years with a diagnosis of TS

were included in the study, and the basic characteristics of the study

participants is shown in Table 1. Karyotype analysis of peripheral

blood was performed in all patients, in total 34 (53.97%) patients

had a chromosome karyotype of 45, X, 12 (19.05%) patients had

isochromosome X, the rest had other chromosome karyotypes, as

detailed in Table 1.
3.2 Thyroid function examinations

Thyroid function was examined in all 63 patients with TS.

Thyroid autoantibodies were undetectable in 24 of 63 TS patients
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(38.10%), and thyroid function was normal in all these women. Of

the 39 TS patients with thyroid autoantibodies (61.90%), 3 had

hyperthyroidism, 7 had hypothyroidism and 29 had normal thyroid

function (Figure 1).
3.3 Risk factors for AITD in TS subjects

The results showed that AITD can occur in any type of

karyotype, but in the group of isochromosome X, the percentage

of AITD in patients with TS was 91.67%, which was significantly

higher than the groups of 45, X and other alterations, which were

61.76% and 41.18%, respectively. There was a statistically significant

difference in the rate of AITD among the three karyotype subgroups

(P<0.05). Patients with the isochromosome X karyotype had a

higher risk of AITD (Table 2).

Of the patients in the group positive for thyroid autoantibodies,

29 had normal thyroid function and 10 developed thyroid

dysfunction. There was no statistically significant difference in the

rate of thyroid dysfunction between the groups of euthyroidism and

dysthyreosis based on chromosomal karyotype (Table 3).

In addition, we compared the thyroid autoantibody positivity

rates among TS patients across different age groups (10–20 years,
TABLE 1 Basic characteristics of the study participants.

Subject Value

Age (years) 20.92 ± 4.30

Height (cm) 146.37 ± 7.67

Weight (kg) 47.77 ± 10.54

BMI (kg/m2) 22.16 ± 4.10

Karyotype N (%)

45, X 34 (53.97%)

45, X/46, X, i(X) (q10) 9 (14.29%)

46, X, i(X) (q10) 2 (3.17%)

46, X, i(X) (q10), inv (9) (p12q13) 1 (1.59%)

45, X/46, XX 4 (6.35%)

45, X/46, X, r(X) 2 (3.17%)

45, X/46, X,+mar 2 (3.17%)

45, X/46, XY 2 (3.17%)

45, X/47, XXX 1 (1.59%)

46, X, del (X)(p11) 1 (1.59%)

46, X, idic (X), (p22.1) 1 (1.59%)

46, X, t(X;14) (q21.2;q32.1) 1 (1.59%)

45, X/46, X, del (X), (q22q28) 1 (1.59%)

45, X/46, X, idic (X) (q10) 1 (1.59%)

45, X/46, X, +mar/46, X, r(X) (p22q26) 1 (1.59%)
BMI, body mass index; inv, inversion; idic, isodicentric chromosome; del, deletion; mar,
marker chromosome.
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20–30 years, and 30–40 years). The results demonstrated no

statistically significant differences in thyroid autoantibody

positivity rates between these age groups (Table 4). Furthermore,

among TS patients with positive thyroid autoantibodies, there were

no statistically significant differences in the rate of thyroid

dysfunction across the different age groups (Table 5).

There were no significant differences in age, height, weight,

BMI, TG, TC, HDL-C, LDL-C, Ca, P and FIns levels between the

groups of negative and positive thyroid autoantibodies (Table 6).

There were also no significant differences in age, height, weight,

BMI, TG, TC, HDL-C, LDL-C, Ca, P and FIns levels between the

groups of euthyroidism and dysthyreosis (Table 7).
4 Discussion

Due to complete or partial deletion of the X chromosome,

patients with TS are often affected by a variety of complications

throughout their life, with autoimmune disorders (particularly

thyroid dysfunction), congenital cardiovascular defects,

atherosclerosis, osteoporosis and fractures, endocrine and

metabolic disorders, hearing loss and specific cognitive deficits

being recognized as contributing factors to the increased

mortality and reduced life expectancy associated with TS (5, 23).

Patients with TS have a higher risk of autoimmune thyroiditis than
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the normal population, not only during puberty and adulthood, but

also in childhood, and 5%-10% of cases occur before puberty (24).

Approximately 40% of TS patients are positive for thyroid

autoantibodies, however, these patients rarely present with clinical

symptoms of thyroid disease (8, 12, 25, 26). The majority of patients

are diagnosed with subclinical hypothyroidism, with about 1/3 of

them developing Hashimoto’s thyroiditis (26).

In the TS cohort of this study, the rate of AITD was 61.90%,

which was higher than the rate of TS women in Europe and the

United States, which was 39.4% and 43.7%, respectively (7).

However, it was comparable to the rate of TS women in Japan

(57%) (27). Differences in rates among different studies may be due

to the differences in age, karyotype, sample size, and race of the

included subjects. In this study, of the 39 TS women who were

positive for thyroid autoantibodies, 7 developed hypothyroidism

and 3 developed hyperthyroidism, whereas none of the 24 TS

women who were negative for thyroid autoantibodies had thyroid

dysfunction, suggesting that TS women who were positive for

thyroid autoantibodies have a significantly increased risk of

developing thyroid dysfunction, as reported in previous studies

(27, 28). However, those women with TS who were negative for

thyroid autoantibodies are still at risk for subclinical

hypothyroidism (26). Therefore, negative thyroid autoantibodies

do not completely exclude the possibility of future thyroid

dysfunction. As a result, it is important to regularly check thyroid
TABLE 2 The prevalence of AITD according to karyotype.

Number of negative
thyroid autoantibod-

ies [n (%)]

Number of positive
thyroid autoantibod-

ies [n (%)]

c2 P

Type of karyotype 7.605 0.02

45, X 13 (38.23%) 21 (61.76%)

Isochromosome X 1 (8.33%) 11 (91.67%)

Other alterations 10 (58.82%) 7 (41.18%)
Prevalence of AITD is calculated over the total number of patients per karyotype group.
FIGURE 1

Thyroid function and thyroid autoantibodies in 63 patients with Turner Syndrome. Rates of hyper-, hypo-, and normal thyroid function in TS patients
with or without autoantibodies. The numerals in the columns are the number of patients within each group.
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function in TS women, even if thyroid autoantibodies are negative,

and appropriate treatment should be initiated promptly to prevent

severe thyroid dysfunction.

It had been suggested that the increase in the long arm (Xq) and

the loss of the short arm (Xp) of the X chromosome may play an

important role in the development of autoimmunity (29, 30).

Association of isochromosome X with excessive autoimmunity in

TS patients suggested that genes on the long arm of the X

chromosome (Xq) may play an important pathogenic role in the

development of autoimmune diseases, and the imbalance between

loci on the short and long arms of the X chromosome may increase

the risk of immune dysfunction (16). FOXP3 which maps to the

Xp11.23 locus of the short arm is critical for regulatory T cells

function (31). The higher incidence of autoimmune diseases in

individuals with X chromosome disorders, as well as in females,

suggests that disruptions in the process of X chromosome

inactivation may lead to reduced exposure to autoantigens (32).

Furthermore, other immune-mediated diseases such as

inflammatory bowel disease also occur more frequently in TS

patients with isochromosome X (14, 15, 33). In contrast, a study

in Taiwan showed that TS patients with a ring X chromosome had a

higher risk of developing AITD (34). However, some studies

suggested that the risk of AITD in TS patients was not related to

karyotype (24, 26, 35, 36). The current study shows that AITD can

occur in any type of karyotype, but patients with isochromosome X

have an increased risk of AITD, as reported in previous studies (8,

12, 16, 37–44). There was no significant difference in the rate of

thyroid dysfunction between karyotypes, which further supports the

results of a previous study (45). One report emphasized that the

incidence of AITD is related not only to genetic factors associated

with the sex chromosome but also to hormone and environmental

factors (46).
Frontiers in Endocrinology 05
The different results of the above studies suggest that karyotype

is not the only factor determining the rate of AITD in women with

TS. The absence of the second X chromosome associated with

ovarian dysfunction may further the autoimmune process in TS

patients with the superimposed effects of environment, age, life

habits and metabolic syndrome.

In the general population, with time euthyroid patients progress

to hypothyroidism and thus the prevalence of hypothyroidism is

higher in elderly patients (47). A previous study reported that

women with the lowest ovarian reserves had higher levels of

TPOAb, and the levels of the antibody also tended to increase

over time, suggesting that the group had an increased risk of

hypothyroidism with age (48). Regarding the correlation between

TS combined with AITD and age, it was found that patients in the

positive thyroid autoantibodies were significantly older compared

to TS patients in the negative thyroid autoantibodies group (25, 27,

36). The risk of autoimmune diseases increases progressively with

age, possibly due to a decrease in immune tolerance, often involving

a decline in the integrity of the immune system for both innate and

adaptive immune responses, a process known as immune

senescence (49). Although several pathways involved in immune

tolerance have not been fully elucidated, age-related declines in the

number and function of specific B-cell subtypes, with a concomitant

decrease in regulatory roles in the immune response, may lead to

reduced immune tolerance and increased autoimmunity (50).

Therefore, the likelihood of abnormal thyroid function is high in

TS patients with age. In our TS patients, there was no difference in

age between the negative thyroid autoantibodies and positive

thyroid autoantibodies groups. In the positive thyroid

autoantibodies group, there was also no difference in age between

the euthyroidism group and the dysthyreosis group. The difference

may be attributed to the fact that our study encompassed a
TABLE 4 The prevalence of AITD according to age.

Number of negative
thyroid autoantibodies

[n (%)]

Number of positive
thyroid autoantibodies

[n (%)]

c2 P

Age 1.15 0.56

10–20 years 12 (35.29%) 22 (64.71%)

20–30 years 10 (38.46%) 16 (61.54%)

30–40 years 2 (66.67%) 1 (33.33%)
Prevalence of AITD is calculated over the total number of patients per age group.
TABLE 3 The prevalence of dysthyreosis according to karyotype.

Euthyroidism number
[n (%)]

Dysthyreosis number
[n (%)]

c2 P

Type of karyotype 1.738 0.4

45, X 17 (80.95%) 4 (19.05%)

Isochromosome X 8 (72.73%) 3 (27.27%)

Other alterations 4 (57.14%) 3 (42.86%)
Prevalence of euthyroidism is calculated over the total number of patients per karyotype group.
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narrower age range of 14–34 years for women with TS. In contrast,

the studies conducted in Denmark and Japan included a broader

age range of TS patients, spanning from 6–60 and 15–61 years,

respectively (25, 27). Therefore, we hypothesize that the reasons for

the different results between our study and previous studies are due

to differences in genetics, environmental factors and lifestyle and

dietary habits with Asian and European populations, in addition to

the different age structure of the study population.

There is a potential association between multiple metabolic

abnormalities and AITD. Studies have shown that AITD can be

caused by obesity, malnutrition, nutrient deficiencies and abnormal
TABLE 5 The prevalence of dysthyreosis according to age.

Euthyroidism
number [n (%)]

Dysthyreosis
number [n (%)]

P

Age 0.20†

10–20 years 14 (63.64%) 8 (36.36%)

20–30 years 14 (87.50%) 2 (12.50%)

30–40 years 1 (100%) 0 (0%)
Prevalence of dysthyreosis is calculated over the total number of patients per age group.
†Fisher’s exact test.
ABLE 6 Factors associated with AITD.

Subject Negative thyroid
autoantibodies
(n=24)

Negative thyroid
autoantibodies
(n=39)

t P

Age (years) 21.07 ± 4.18 18.40 ± 3.026 1.851 0.07

Height (cm) 145.73 ± 8.26 146.77 ± 7.36 0.523 0.6

Weight (kg) 48.59 ± 12.25 47.27 ± 9.48 0.480 0.6

BMI (kg/m2) 22.66 ± 4.65 21.86 ± 3.76 0.750 0.45

TG (mmol/L) 1.52 ± 0.91 1.33 ± 0.58 1.744 0.09

TC (mmol/L) 5.34 ± 1.04 4.83 ± 1.17 0.559 0.6

HDL-C (mmol/L) 1.57 ± 0.32 1.53 ± 0.29 1.423 0.2

LDL-C (mmol/L) 3.11 ± 0.93 2.75 ± 0.97 0.496 0.6

Ca (mmol/L) 2.19 ± 0.36 2.23 ± 0.28 0.320 0.8

P (mmol/L) 1.43 ± 0.32 1.4 ± 0.22 0.146 0.9

FIns (uU/mL) 9.67 ± 5.97 9.85 ± 3.91 1.744 0.09
MI, body mass index; TG, triglyceride; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; Ca, calcium; P, phosphorous; Fins,
sting insulin.
TABLE 7 Factors associated with dysthyreosis.

Subject Euthyroidism (n=29) Dysthyreosis (n=10) t P

Age (years) 20.21 ± 4.73 20.44 ± 4.10 -0.202 0.08

Height (cm) 146.79 ± 7.35 146.70 ± 7.79 0.035 0.9

Weight (kg) 46.97 ± 10.18 48.12 ± 7.47 -0.327 0.8

BMI (kg/m2) 21.68 ± 3.94 22.38 ± 3.30 -0.503 0.6

TG (mmol/L) 1.28 ± 0.52 1.46 ± 0.74 -0.851 0.4

TC (mmol/L) 4.87 ± 1.20 4.70 ± 1.14 0.393 0.7

HDL-C (mmol/L) 1.57 ± 0.31 1.40 ± 0.16 1.631 0.1

LDL-C (mmol/L) 2.76 ± 0.97 2.74 ± 1.02 0.048 0.9

Ca (mmol/L) 2.24 ± 0.26 2.20 ± 0.34 0.338 0.7

P (mmol/L) 1.37 ± 0.16 1.51 ± 0.33 -1.826 0.08

FIns (uU/mL) 9.45 ± 3.58 11.03 ± 4.78 -1.105 0.3
BMI, body mass index; TG, triglyceride; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; Ca, calcium; P, phosphorous; Fins,
fasting insulin.
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glucose metabolism (17). The etiology of the changes in thyroid

function that can be influenced by obesity is still unclear. However,

several mechanisms have been proposed including the adaptive

process to increase energy expenditure, hyperleptinemia, changes in

the activity of deiodinases, thyroid hormone resistance, chronic

low-grade inflammation, and insulin resistance (51). A study of

obesity and thyroid disease found that the rate of goiter and thyroid

nodules increased with increasing BMI and was highest in the obese

group with unhealthy metabolism (52). Insulin resistance and

hyperinsulinaemia associated with obesity have a mild but

persistent stimulatory effect on the proliferation of thyroid cells,

leading to an increase in the size of the thyroid gland and the

formation of hyperplastic nodules (53). In addition, impaired

metabolism of minerals like calcium, phosphorus, magnesium

and copper can lead to AITD. A previous study reported that

mean serum calcium, magnesium and copper levels were

significantly decreased while serum phosphorus levels were

increased in hypothyroid cases as compared to euthyroid cases

(54). However, our literature search revealed that while numerous

scholars have studied obesity, abnormal glucose metabolism, and

other thyroid-related disorders in the population, few scholars have

focused on studying similar traits in TS patients. In our study, we

found that there was no significant correlation between the

occurrence of AITD and BMI, calcium and phosphorus levels, or

FIns level in TS patients. Larger cohort studies with an expanded

age range are warranted to further examine these parameters and

their association with AITD in TS patients.

Previous studies have mostly shown that thyroid hormones play

an important role in lipid metabolism and that hypothyroidism can

lead to dyslipidemia (55–57). A longitudinal cohort study in Korea

showed that dyslipidemia is a risk factor for hypothyroidism in

women (18). Notably, dyslipidemia can contribute to the

development and progression of other autoimmune diseases, such

as SLE and IgA nephropathy (58, 59). Furthermore, several studies

have reported that lipid-reducing agents relieve the severity of

autoimmunity (60, 61). A previous study has indicated that a

woman with TS and combined hypothyroidism exhibited TC

levels twice as high as normal and TG levels four times as high as

normal. Following thyroid hormone replacement therapy, her lipid

levels returned to normal values (24). The results of this study found

that comorbid AITD in women with TS was not associated with TG,

TC, HDL-C and LDL-C levels. This is similar to the result of the

Danish study of adults with TS that failed to find any correlation

between dyslipidemia and hypothyroidism in TS patients (62).

The present study is one of the few studies on whether BMI,

calcium and phosphorus levels, lipids and fasting insulin are

associated with AITD in women with TS. Due to limitations of the

original data, our study failed to explore the association of vitamin D

levels, socioeconomic status, education, occupation, dietary

preference, outdoor physical activity, growth hormone therapy and

estrogen replacement therapy with AITD in TS patients. A further

limitation is the relatively low sample size of TS patients with AITD,

which may have contributed to the negative findings in terms of risk

factors and AITD in TS. Prospective multicenter multidimensional

studies with relatively large samples are needed in the future to study
Frontiers in Endocrinology 07
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age and karyotype and AITD in TS patients are now well established.

Therefore, we need to turn our focus onto the pathogenesis of AITD

in TS patients. This will allow for exploration of effective clinical

treatment options and development more comprehensive and

effective management strategies.
5 Conclusions

The rate of AITD in our TS patients was 61.90% (39/63), of

which the rate of thyroid dysfunction was 15.87% (10/63).

Compared with other karyotypes, patients with isochromosome X

have an increased risk of AITD. In addition, patients with positive

thyroid autoantibodies have a higher risk of thyroid dysfunction.

For the diagnosed children with TS, endocrinologists should pay

attention to their thyroid function. It is suggested that routine

thyroid examinations be carried out regularly every year in order to

detect thyroid abnormalities early and start appropriate treatment

in time, so as to avoid possible effects on growth, intellectual

development and even the cardiovascular system.
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