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ABSTRACT

Effects of hormone replacement therapy on bone mineral density
in Korean women with Turner syndrome

SunYoung Kim

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Seok Kyo Seo)

Turner syndrome is a result of chromosomal abnormalities that occurs in approximately
1 in 2000 to 2500 surviving fetuses. This clinical condition arises due to the loss of all or
part of one X chromosome and is characterized by short stature and sexual infantilism
accompanied by systemic disorders affecting major organs with a higher incidence of
osteoporosis and bone fractures.

Hormone replacement therapy is based on the use of estrogen. In Turner syndrome, this
therapy is important for the promotion of puberty, and growth, and the prevention of
osteoporosis. The patient response to hormone replacement therapy may vary by race and
geographical region, although no such a study has ever conducted in Korea. Therefore, it
is necessary to analyze the effects of hormone replacement therapy on bone mineral density
in Korean women with Turner syndrome.

Herein, we retrospectively analyzed the medical records of Turner syndrome patients
treated at Severance Hospital (Seoul, South Korea) from 1997 to 2019. Our study suggests
that the effects of hormone replacement therapy on bone mineral density depend on the
timing of initiation and duration of therapy. An early and long treatment duration is

important for increasing bone mineral density in Koreans with Turner syndrome.

Key words: Turner syndrome, estrogen, hormone replacement therapy, bone
mineral density



Effects of hormone replacement therapy on bone mineral density
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SunYoung Kim

Department of Medicine
The Graduate School, Yonsei University
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I. INTRODUCTION

Turner syndrome (TS) arises due to the loss of all or part of one X chromosome. This
chromosomal abnormality occurs in about 1 in 2000 to 2500 surviving fetuses. TS includes
not only the typical 45, - X karyotype, but also various mosaic karyotypes with structural
abnormalities of the X chromosome, and there are differences in clinical features according
to these karyotypes.t

TS is diagnosed at around 15 years of age on average, although it can also be diagnosed
at the intrauterine stage and in childhood, adolescence, or adulthood. Clinically, TS is
characterized by short stature and sexual infantilism and is accompanied by systemic
disorders that affect major organs such as the heart and kidneys, and patients with TS have
a high incidence of autoimmune diseases, osteoporosis, and bone fractures.® Unlike
normal oocyte decline that continues for decades, in patients with TS, oocyte decline occurs
within months or years after birth, and ovaries degenerate during the fetal stage, childhood,
or adolescence. As a result, only 10-30% of TS patients reach puberty naturally. Therefore,
estrogen deficiency in these patients is due to ovarian insufficiency, and TS patients who
do not exhibit spontaneous pubertal development require estrogen supplementation to
induce secondary sexual characteristics®’ Puberty plays an important role in sexual

development and is associated with various important changes, such as the development of



secondary sexual characteristics, normal growth, and an increase in bone density.

Since a normal peak bone mass at puberty is essential to protect against bone loss during
the following 1020 years, achieving normal bone density during this period is important
for a better quality of life in the future.®® TS affects most aspects of the patient's life and is
characterized by the presence of various systemic diseases. It has been widely accepted that
estrogen-based hormone therapy can improve the quality of life, morbidity, and mortality
in patients with TS.

The beneficial effects of hormone therapy in postmenopausal women and young women
without ovaries have been shown in previous studies. However, there is no standard
protocol for hormone therapy in TS patients. 01!

Clinical guidelines for the care of girls and women with TS recommend hormone
replacement therapy (HRT) for the induction and maintenance of secondary sexual
characteristics; however, the best strategy for achieving a better bone mineral density
(BMD) in adulthood has not yet been established.! Few studies have highlighted the
importance of early estrogen replacement therapy (ERT) initiation in patients with TS.1214
Typically, peak bone density in healthy girls is achieved during the period between the
beginning of puberty and the age of 18.1%18

The patient’s response to hormone therapy may vary by race and geographical location.
Since no such studies have ever been conducted in Korea, it is necessary to analyze the
effects of HRT on BMD in Korean women with TS.

The general therapeutic goals for TS patients are to increase the patient’s height, promote
the development of secondary sexual characteristics, and improve the quality of life,
morbidity, and mortality. Girls with TS are often prone to fractures. Increased bone fragility
in patients with TS might be due to X chromosome abnormality and/or estrogen
deficiency.

Several studies have examined the relationship between ERT and BMD in patients with
TS.1314 Herein, we analyzed a large dataset of TS patients and treatment outcomes at

tertiary hospitals to investigate the effects of HRT on BMD in Korean women with TS.



Our study will help TS patients in actual clinical practice.

The purpose of this study was to (1) investigate BMD in Korean women with TS, (2)
evaluate clinical parameters and their relationship with ERT, and (3) investigate
longitudinal changes in BMD.

1. MATERIALS AND METHODS

1. Study design and participants

This retrospective case-control study analyzed the medical records of patients with TS
treated at Severance Hospital, Yonsei University College of Medicine (Seoul, South Korea)
from 1997 to 2019. This study was conducted with approval from the Institutional Review
Board (IRB) of Severance Hospital. TS diagnosis was based on peripheral blood
chromosome analysis and clinical findings. A total of 188 TS patients who underwent bone
density screening at least once were included in the study. All patients received regular and

appropriate doses of estrogen during the treatment.

2. Control group

Healthy controls were selected from the Korean National Health and Nutrition Examination
Survey (KNHANES), a nationwide, population-based, cross-sectional health examination
survey regularly conducted by the Korea Centers for Disease Control and Prevention under
the National Health Promotion Act. The survey selects a representative sample of the
noninstitutionalized civilian Korean population using a stratified, multilevel, clustered
probability sampling method. The survey samples approximately 10,000 individuals each
year without overlap with previous samples, collecting information on socioeconomic
conditions, health-related behaviors, quality of life, health care, anthropometric measures,

and biochemical and clinical profiles for non-communicable diseases. The survey consists



of three components: health interview, nutrition survey, and health examination. Health
interviews and medical examinations are conducted at mobile screening centers by trained
employees, including doctors, medical technicians, and health interviewers, whereas
nutritionists visit the homes of the study participants to conduct nutrition surveys.
Participants of the survey provide written informed consent before enrollment. The
KNHANES is conducted after ethical approval by the Institutional Review Board of the
Korea Centers for Disease Control and Prevention (2010-02CON-21-C, 2011-02CON-
06C). We chose females who participated in the KNHANES during 2010-2011 and
excluded those who had a history of thyroid disease, end-stage renal disease, or malignancy,
or whose information on dual-energy x-ray absorptiometry (DXA) was incomplete. The
average BMD values and Z-scores of the selected individuals from the KNHANES (healthy

control group) were considered.

3. Clinical data

We obtained clinical information of all TS patients (BMI, age, height, weight, the presence
of spontaneous menarche, chromosome karyotype, Age at ERT initiation, duration of ERT,
and BMD) from medical records and DXA data from Severance Hospital. The karyotype
was categorized into 45X0O and mosaic 45X0/46XX. Spontaneous menarche was defined

as menarche that occurs without ERT and lasts for at least a year.

4. Measurement of BMD

Bone density was measured at the lumbar spine L1-L4 and femoral neck in TS patients.
BMD was calculated as an absolute value (mg/cm2) and Z-score. The Z-score represents
mean BMD with reference to the BMD (adjusted for body surface and vertebral volume)

of age-matched healthy controls.'®



5. Statistical analyses

SPSS version 18.0 (SPSS Inc., Chicago, IL, USA) and R version 4.2.0 for Windows (R
studio, Boston, MA, USA) were used for all statistical analyses. Summary statistics were
expressed as mean + standard deviation (SD), and frequency counts were expressed as a
percentage. An independent t-test or Mann-Whitney U test was used for comparing groups.
The independent t-test was used if the variables were normally distributed, and the
variances were equal while the Mann-Whitney test was used for non-normally distributed
data. Repeated measures analysis of variance (ANOVA) was used to investigate changes
in the analyzed parameters over time. To investigate the relationship between continuous
variables, the Pearson correlation coefficient (r) was calculated if both variables showed
normal distribution. ANOVA was used to analyze differences between groups. Regression
analysis was performed to determine the relationship between age at treatment initiation
and treatment duration in the cross-sectional analysis. In all analyses, p < 0.05 was

considered statistically significant.

I11. RESULTS

1. Patient characteristics

The baseline characteristics of the TS group are presented in Table 1.

2. Comparison of BMD in women with TS and healthy Korean women

BMD values and Z-scores of each group were analyzed. BMD at the femoral neck was
significantly lower in the TS group compared to that in healthy controls in all age groups
(Table 2; Figures 1 and 2). Interestingly, lumbar spine BMD was also significantly lower

in TS patients except in the 4044 years age group (Table 3; Figures 3 and 4).



Tablel. Clinical features of the study group

N= 188 Value
Age (years) 28.638 + 6.115
Age at ERT initiation (years) 18.278 + 5.719
Height (cm) 146.571 + 9.678
Weight (kg) 48.925 + 11.151
BMI (kg/m?) 22.631 + 4.285
Karyotype
Monosomy 51 (27.128%)
Mosaic 137 (72.872%)
GH
Yes 76 (40.426%)
NO 112 (59.574%)

Data are presented as mean £+ SD or N (%). SD standard deviation.

ERT estrogen replacement therapy, BMI body mass index, GH growth hormone.
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Figure 1. Femoral neck BMD (g/cm?2) in Korean women with TS and healthy controls.
Solid black lines, data of normal controls from KNHANES; dashed lines, data of TS
patients according to the percentile BMD of the femoral neck. BMD was lower in the TS

group compared to that in healthy controls.

Table 2. Femoral neck BMD (g/cm?2) in Korean women with TS and healthy controls.

Age group

Women with TS

Healthy controls

p-values

20-24 years
25-29 years
30-34 years
35-39 years
40-44 years

45-50 years

0.668 +0.119 (N = 149)
0.650 + 0.109 (N = 141)
0.623+0.106 (N = 119)
0.615 % 0.100 (N = 84)
0.674 + 0.078 (N = 6)

0.446 + 0.008 (N = 2)

0.787 +£0.107 (N = 545)
0.763 + 0.101 (N = 649)
0.759 +0.103 (N = 872)
0.758 +0.103(N= 1124)

0.763 £ 0.103 (N = 965)

0.746 £ 0.106 (N = 1156)

<0.001

<0.001

<0.001

<0.001

0.035

<0.001

Data are presented as mean + SD. Unpaired t-test was used for statistical analysis.
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Figure 2. Average femoral neck BMD in Korean women with TS and healthy controls.
Femoral neck BMD was lower in Korean women with TS than in healthy controls.
*p < 0.05 vs. healthy control of the same age group.
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Figure 3. Lumbar spine (L1-L4) BMD (g/cm2) in Korean women with TS and healthy
controls. Solid black lines, data of normal controls from KNHANES; dashed lines, data of
TS patients according to the percentile BMD of the lumbar spine. BMD was lower in TS

patients compared to normal controls.



Table3. Lumbar spine (L1-L4) BMD (g/cm2) in Korean women with TS and healthy

controls.

Age group Women with TS Healthy controls p-values

20-24 years  0.835+0.126 (N=154)  0.958 +0.111 (N = 545) <0.001
25-29years  0.841+0.121 (N=142)  0.965 + 0.107 (N = 649) <0.001
30-34years  0.837+0.124(N=119)  0.988 = 0.114 (N = 872) <0.001
35-39years 0.840+0.124 (N=85)  0.998+0.116 (N=1124)  <0.001
40-44 years  0.847 +0.220 (N = 6) 1.000 + 0.120 (N = 965) 0.150

45-50years  0.596 +0.021 (N =2) 0.971+0.131 (N=1156)  <0.001

Data are presented as mean + SD. Unpaired t-test was used for statistical analysis.

Healthy women

- TS women
0.8

Lumbar spine BMD (gfcm?)

—
_—
—t

0.6

2024y 25 2oy 3034y
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Age group

Figure 4. Average lumbar spine (L1-L4) BMD in Korean women with TS and healthy
controls. BMD was lower in Korean women with TS than in healthy controls.

*p < 0.05 compared to healthy women of the same age group.



3. Effects of duration of ERT on BMD in women with TS

The association of ERT duration with femoral neck and lumbar spine BMD and annual
change in BMD was evaluated using multiple regression analysis (Figures 5 and 6). ERT
duration was significantly negatively associated with femoral neck BMD value (»=-0.19,
p=0.0018); however, no association between ERT duration and femoral neck BMD Z-
scores was observed (r = —0.037, p =0.55). Furthermore, the r-value of the femoral neck
BMD was low. ERT duration was significantly positively associated with lumbar spine

(L1-L4) BMD Z-scores (p = 0.024), but not with absolute BMD values (p = 0.15).
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Figure.5. Association between ERT duration and femoral neck BMD. Longer ERT
duration tended to be associated with lower femoral neck BMD.
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Figure 6. Association between ERT duration and lumbar spine (L1-L4) BMD. Longer
ERT duration was associated with higher lumbar spine BMD Z-scores.

4. Association between age at ERT initiation and BMD in women with TS

We examined the association of annual change rate in the femoral neck and lumbar spine
(L1-L4) BMD with age at ERT initiation and treatment duration (Figures 7 and 8). Results
showed that age at ERT initiation was positively associated with the annual change rate of
femoral neck BMD, although the difference was not statistically significant (»=0.183, p =
0.077; Figure 7A). Furthermore, the annual change rate in femoral neck BMD was
positively associated with age (= 0.207, p = 0.0088; Figure 7B). The age at ERT initiation
showed no correlation with the annual change rate in femoral neck BMD when analyzed

according to the age group, except for the 35-39 years age group (Figure. 7C—F).
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Figure 7. Annual change rate in femoral neck BMD. Age at ERT initiation was positively
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not statistically significant.
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Moreover, the age at ERT initiation was significantly and positively associated with the
annual change rate of lumbar spine (L1-L4) BMD (r = 0.278, p = 0.0063; Figure 8A).
Conversely, a negative association was observed in the younger age group (r =—0.155, p =
0.042; Figure 8B). The age at ERT initiation showed no correlation with the annual change
rate of lumbar spine BMD when analyzed according to the age group, except for the 34—

39 years age group (Figure 8C-F).
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Figure 8. Annual change rate of the lumbar spine (L1-L4) BMD. The age at ERT initiation
was significantly and positively associated with the annual change rate of lumbar spine
BMD (r = 0.278, p = 0.0063). However, when analyzed according to the age group, no

correlation was observed, except for the 35-39 years age group.

5. Comparison of TS patients according to the mosaicism

We investigated the karyotype of women with TS and categorized them into two groups:
(1) without mosaicism (45 XO) and (2) with mosaicism. Femoral neck BMD values and Z-
scores were significantly higher in women with mosaicism than in those without mosaicism
(p = 0.044 and 0.023, respectively; Table 4, Figure 9). However, there was no significant
difference in the lumbar spine BMD value or Z-score between TS patients with and without

mosaicism (p = 0.124 and 0.365, respectively; Table 5, Figure10).
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Table 4. Femoral neck BMD (value and Z-score) by karyotype.

0 (N=146) 1 (N=355) p
Femoral neck BMD 0.627+ 0.109 0.649+ 0.112 0.044
Femoral neck Z-score 1.403% 0.963 -1.184+ 0.987 0.023

Data are expressed as the mean £ SD. p Values were determined using the Student’s
unpaired t-test.

0) Karyotype 45 XO, 1) Karyotype with mosaicism.

Table 5. Lumbar spine (L1-L4) BMD (value and Z-score) by karyotype.

0 (N=148) 1 (N=360) )
L1-L4 BMD 0.851%0.137 0.832+ 0.120 0.124
L1-L4 Z-score ~1.3883+ 1.222 -1.488+ 1.088 0.365

Data are expressed as the mean + SD. p Values were determined using the Student’s
unpaired t-test.

0) Karyotype 45 XO, 1) Karyotype with mosaicism.
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Figure 10. Lumbar spine (L1-L4) BMD (value and Z-score) by karyotype.

0) Karyotype 45 XO, 1) Karyotype with mosaicism.
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6.Analysis of factors responsible for low BMD in TS patients

We divided TS patients into two groups according to their BMD Z-scores. The group with
a BMD score > -2.0 (normal BMD) included 323 patients while that with a BMD score

< -2.0 (low BMD) included 94 patients. We analyzed the age at ERT initiation, ERT

duration, karyotype, ERT status, and GH use in each group. Results showed that BMI was
the only factor that significantly affected femoral neck BMD (Table 6).

Table 6. Factors affecting femoral neck BMD.

BMD Z-score >-2.0 (N=323) <-2.0 (N=94) p
Age at ERT initiation 17.909 + 4.634 18.615 + 5.599 0.273
Duration of ERT 10.603 + 5.815 9.780 + 6.530 0.248
Karyotype 0.649
0 93 (28.793%) 30 (31.915%)
1 230 (71.207%) 64 (68.085%)
Age at BMD evaluation 28.402 + 5.666 28.606 + 6.328 0.765
ERT status 0.704
0 6 (1.858%) 3(3.191%)
1 317 (98.142%) 91 (96.809%)
GH 0.273
0 136 (42.105%) 33 (35.106%)
1 187 (57.895%) 61 (64.894%)
BMI 23.368 £ 4.520 21.245 + 3.097 <0.01

Data are mean + SD or N (%). p Values were determined using the Student’s unpaired
t test. Karyotype 0 -45 X0, Karyotype 1-mosaic 45X0/46XX. ERT status 0 — without
ERT, ERT status I- with ERT. GH 0 - without GH, GH I — with GH.
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Similarly, we divided TS patients into two groups according to the lumber spine BMD Z-
scores. As shown in Table 7, 278 subjects had a normal BMD Z-score (> -2.0) and 144

subjects had a low BMD Z-score (< -2.0). The age at ERT initiation, ERT duration, and

BMI were significantly associated with the lumbar spine BMD (p = 0.001, < 0.01, and <
0.01, respectively).

Table 7. Factors affecting the BMD in lumbar spine L1-L4.

BMD Z-score >-2.0 (N=278) <-2.0 (N=144) p
Age at ERT initiation 17.368 + 3.898 19.357 £ 6.106 0.001
Duration of ERT 11.162 + 5.806 8.821 + 6.031 <0.01
Karyotype 0.683
0 84 (30.216%) 40 (27.778%)
1 194 (69.784%) 104 (72.222%)
Age at BMD evaluation 28.421 + 5.737 28.333 £ 6.050 0.884
ERT status 0.953
0 6 (2.158%) 4 (2.778%)
1 272 (97.842%) 140 (97.222%)
GH 0.066
0 104 (37.410%) 68 (47.222%)
1 174 (62.590%) 76 (52.778%)
BMI 23.499 + 4.298 21.672 + 4.087 <0.01

Data are mean + SD or NV (%). p Values were determined using the Student’s unpaired
t test. Karyotype 0 -45 X0, Karyotype 1-mosaic 45X0/46XX. ERT status 0 — without
ERT, ERT status I- with ERT. GH 0 - without GH, GH I — with GH.
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V.DISCUSSION

Herein, we analyzed a large dataset to evaluate BMD in Korean women with TS. Women
with TS included in this study were 20—50 years old and had a lower BMD than healthy
controls. Similar results have been reported from other countries.!>2%%

Our study suggests that estrogen plays a critical role in regulating BMD in women with
TS. It has been observed that very few girls with TS exhibit spontaneous puberty, and most
of them require ERT to initiate or maintain pubertal development.'” which, in turn, aids in
maintaining secondary sexual characteristics and achieving maximum bone mass.!

Previous studies have shown the importance of estrogen for bone health. However,
previous studies on the association between BMD in women with TS and the age at ERT
initiation are conflicting. Nevertheless, several studies showed that early initiation of ERT
is necessary for achieving higher BMD

Many studies indicate that the early induction of ERT is beneficial for achieving higher
BMD in adults with TS.!>1324In recent years, ERT has been used to increase or maintain
the lumbar BMD.?'*?? The mineral density of cortical bones is lower than that of trabecular
bones in girls with TS.3! Therefore, we investigated the effect of ERT on the femoral and
lumbar spine (L1-L4) BMD.

Nishigaki ef al. reported that the starting age of HRT showed a negative and significant
association with BMD, indicating the importance of early introduction of ERT to acquire
better bone mineral density.**

Although we expected that our results will be similar to those of previous studies, %4283
there were significant differences. First, we analyzed the annual change rate of BMD in the
lumbar spine and femoral neck according to age at ERT initiation. Results showed that age
at ERT initiation is positively associated with the annual change rate of lumbar spine and
femoral neck BMD, although statistical significance was not always observed. Second, we
analyzed the annual change rate of BMD in the lumbar spine and femoral neck according

to ERT duration. We found that ERT duration was positively associated with the increase
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in the lumbar spine BMD, whereas femoral neck BMD tended to decrease with long-term
ERT. However, it cannot be concluded that our results differ from those of the previous
studies?!222428-30 because we have not analyzed the BMD but its annual change rate.
Women with TS who received ERT at an older age had a lower BMD, and changes due to
ERT observed in our study were greater than those observed in previous studies.?!-222428-30

Next, we compared the BMD of women with TS according to the karyotype (Figures 9,
10; Tables 4, 5) and obtained conflicting results. Femoral neck BMD (value and Z-score)
was significantly higher (BMD p =0.044, Z-score p = 0.023) in TS women with mosaicism.
Conversely, lumbar spine BMD (value and Z-score) was higher in women with the 45 XO
karyotype, although the difference was not statistically significant (BMD p = 0.124, Z-
score p = 0.365). Since there are several reports of spontaneous menarche in women with
mosaic TS, it is generally accepted that BMD is higher in these patients.**

In our study, femoral neck BMD was higher in patients with the mosaic karyotype
compared to those with the 45 XO karyotype, whereas lumbar spine BMD showed the
opposite trend. Thus, karyotype might not affect the lumbar spine density in women with
TS. This observation can be explained by the fact that ERT initiation is relatively late in
mosaic TS patients due to spontaneous puberty or delayed diagnosis, which could be the
reason for low lumbar BMD in this subgroup.

As shown in Tables 6 and 7, we analyzed factors affecting BMD of the femoral neck and
lumbar spine. Age at ERT initiation, ERT duration, and BMI were significantly associated
with the lumbar spine BMD in TS women, and among them, age at ERT initiation was the
most important (p = 0.001).

Based on the results of this study and those of previous studies,?*?*-° the relationship
between BMD and age at ERT initiation and ERT duration in young adults with TS can be
summarized as follows. Age at ERT initiation is significantly associated with BMD,
indicating the importance of early ERT initiation in acquiring higher BMD. Furthermore,
ERT duration is significantly associated with lumbar spine BMD, confirming its

importance in maintaining and improving BMD. Since we also observed annual changes
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in BMD even in women with late TS diagnosis and delayed ERT initiation, this therapy
may help in increasing the BMD of these patients. Furthermore, age at initiation and the
duration of ERT were not significantly associated with femoral neck BMD in women with
TS (age at ERT initiation, p = 0.273; ERT duration, p = 0.248). Only BMI significantly
affected the femoral neck BMD (p = 0.01). Since the BMD of cortical bones is lower than
that of trabecular bones in girls with TS,3! the BMD of cortical bones, such as the femur,

seems to be relatively unaffected by ERT.

Limitations

This study has some limitations. Because of the retrospective nature of the study, the ERT
protocol was not unified. Therefore, we were unable to rule out potential biases due to
differences in the ERT regimen. Since bone strength is characterized by both BMD and
bone quality, evaluation of bone quality is equally important. Recently, trabecular bone
score (TBS) has been established for bone quality evaluation?*?°; however, TBS was not
used in our study and only BMD was measured. Another limitation is that we have not
evaluated other factors that are known to affect BMD, such as physical fitness and vitamin
D deficiency.?*?’

GH is often administered before initiating ERT in TS patients, which also affects bone
density. Thus, the effectiveness of GH in increasing bone density should also be evaluated
in these patients. The potential effects of GH on bone density in TS patients have been
reported,®® and combination therapy with estrogen and GH may lead to higher spinal BMD
than ET alone.** In this study, the effect of GH on BMD was not statistically significant
(p = 0.066), which might be due to the small number of study subjects.

This study was conducted for exploratory purposes and the sizes of the groups were
different. Because cross-sectional analysis lacks the accuracy of cohort studies, we believe
that larger cohort studies are needed to confirm the results of this study. To clearly
understand the factors affecting BMD in young women with TS, this preliminary analysis

will be useful in the future.
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V. CONCLUSION
Women with TS have low BMD, which is associated with late ERT initiation and shorter

treatment duration. Thus, early initiation and long-term use of estrogens in TS patients can

increase BMD. Further studies on a larger cohort are needed to confirm our conclusions.

27



REFERENCES

1. Gravholt CH, Andersen NH, Conway GS, Dekkers OM, Geffner ME, Klein KO, et al.
Clinical practice guidelines for the care of girls and women with Turner syndrome:
proceedings from the 2016 Cincinnati International Turner Syndrome meeting. Eur J
Endocrinol. 2017;177(3):G1-G70.

2. Stochholm K, Juul S, Juel K, Naeraa RW, Gravholt CH. Prevalence, incidence,
diagnostic delay, and mortality in Turner syndrome. J Clin Endocrinol Metab.
2006;91(10):3897-3902.

3. Viuff MH, Stochholm K, Uldbjerg N, Nielsen BB; Danish Fetal Medicine Study Group,
Gravholt CH. Only a minority of sex chromosome abnormalities are detected by a
national prenatal screening program for Down syndrome. Hum Reprod.
2015;30(10):2419-2426.

4.  Alpman A, Cogulu O, Akgul M, Arikan EA, Durmaz B, Karaca E, et al. Prenatally
diagnosed Turner syndrome and cystic hygroma: incidence and reasons for referrals.
Fetal Diagn Ther. 2009;25(1):58-61.

5. Bondy CA; Turner Syndrome Study Group. Care of girls and women with Turner
syndrome: a guideline of the Turner Syndrome Study Group. J Clin Endocrinol Metab.
2007;92(1):10-25.

6. Bondy CA. Turner syndrome 2008. Horm Res. 2009;71 Suppl 1:52-6.

7. Hjerrild BE, Mortensen KH, Gravholt CH. Turner syndrome and clinical treatment.
Br Med Bull. 2008;86:77-93.

8. Balasch J. Sex steroids and bone: current perspectives. Hum Reprod Update.

2003;9(3):207-222.

9. Riggs BL, Khosla S, Melton LJ 3rd. Sex steroids and the construction and
conservation of the adult skeleton. Endocr Rev. 2002;23(3):279-302.

10. Friedman-Koss D, Crespo CJ, Bellantoni MF, Andersen RE. The relationship of

race/ethnicity and social class to hormone replacement therapy: results from the

28



11.

12.

13.

14.

15.

16.

17.

18.

19.

Third National Health and Nutrition Examination Survey 1988-1994. Menopause.
2002;9(4):264-272.

Read MD, Edey KA, Hapeshi J, Foy C. Compliance with estrogen hormone
replacement therapy after oophorectomy: a prospective study. Menopause Int.
2010;16(2):60-64.

Cameron-Pimblett A, Davies MC, Burt E, Talaulikar VS, Rosa CL, King TFJ, et al.
Effects of estrogen therapies on outcomes in Turner Syndrome: assessment of
induction of puberty and adult estrogen use. J Clin Endocrinol Metab.
2019;104(7):2820-2826.

Nguyen HH, Wong P, Strauss BJ, Ebeling PR, Milat F, Vincent A. A cross-sectional
and longitudinal analysis of trabecular bone score in adults with Turner syndrome. J
Clin Endocrinol Metab. 2018;103(10):3792—-3800.

Nakamura T, Tsuburai T, Tokinaga A, Nakajima I, Kitayama R, Imai Y, et al. Efficacy
of estrogen replacement therapy (ERT) on uterine growth and acquisition of bone mass
in patients with Turner syndrome. Endocr J. 2015;62(11):965-970.

Hansen MA, Overgaard K, Riis BJ, Christiansen C. Role of peak bone mass and bone
loss in postmenopausal osteoporosis: 12 year study. BMJ. 1991;303(6808):961-964.
Riis BJ, Hansen MA, Jensen AM, Overgaard K, Christiansen C. Low bone mass and
fast rate of bone loss at menopause: equal risk factors for future fracture: a 15-year
follow-up study. Bone. 1996;19(1):9—12.

Faienza M F, Ventura A, Colucci S, Cavallo L, Grano M, Brunetti G. Bone Fragility
in Turner Syndrome: Mechanisms and Prevention Strategies. Front Endocrinol
(Lausanne). 2016;7:34.

Crabtree NJ, Arabi A, Bachrach LK, Fewtrell M, Fuleihan GE, Kecskemethy HH, et

al. Dual-energy X-ray absorptiometry interpretation and reporting in children and

adolescents: the revised 2013 ISCD pediatric official positions. J Clin Densitom.
2014;17(2):225-242.

Gawlik AM, Hankus M, Szeliga K, Antosz A, Gawlik T, Soltysik K, et al. Late-

29



20.

21.

22.

23.

24.

25.

26.

27.

Onset Puberty Induction by Transdermal Estrogen in Turner Syndrome Girls-A

Longitudinal Study. Front Endocrinol (Lausanne). 2018;9:23.

Cintron D, Rodriguez-Gutierrez R, Serrano V, Latortue-Albino P, Erwin PJ, Murad
MH. Effect of estrogen replacement therapy on bone and cardiovascular outcomes in
women with turner syndrome: a systematic review and meta-analysis. Endocrine.
2017;55(2):366-375.

Suganuma N, Furuhashi M, Hirooka T, Moriwaki T, Hasegawa Y, Mori O, et al. Bone
mineral density in adult patients with Turner’s syndrome: analyses of the effectiveness
of GH and ovarian steroid hormone replacement therapies. Endocr J. 2003;50(3):263—
2609.

Cleemann L, Hjerrild BE, Lauridsen AL, Heickendorff L,Christiansen JS, Mosekilde
L, et al. Long-term hormone replacement therapy preserves bone mineral density in
Turner syndrome. Eur J Endocrinol. 2009;161(2):251-257.

Silva BC, Broy SB, Boutroy S, Schousboe JT, Shepherd JA, Leslie WD. Fracture risk
prediction by non-BMD DXA measures: the 2015 ISCD official positions part 2:
trabecular bone score. J Clin Densitom. 2015;18(3):309-330.

Nishigaki S, Itonaga T, Hasegawa Y, Kawai M. Starting age of oestrogen-progestin
therapy is negatively associated with bone mineral density in young adults with Turner
syndrome independent of age and body mass index. Clin Endocrinol (Oxf).
2021;95(1):84-91.

Donaldson M, Kristrdém B, Ankarberg-Lindgren C, Verlinde S, van Alfen-van der
Velden J, Gawlik A, et al. Optimal Pubertal Induction in Girls With Turner Syndrome
Using Either Oral or Transdermal Estradiol: A Proposed Modern Strategy. Horm Res
Paediatr. 2019;91(3):153-63.

McCloskey EV, Odén A, Harvey NC, Leslie WD, Hans D, Johansson H, et al. A meta-
analysis of trabecular bone score in fracture risk prediction and its relationship to
FRAX. J Bone Miner Res. 2016;31(5):940-948.

Naeraa RW, Brixen K, Hansen RM, Hasling C, Mosekilde L, Andresen JH, et al.

30



28.

29.

30.

31.

32.

33.

34.

Skeletal size and bone mineral content in Turner's syndrome: relation to karyotype,
estrogen treatment, physical fitness, and bone turnover. Calcif Tissue Int.
1991;49(2):77-83.

Itonaga T, Koga E, Nishigaki S, Kawai M, Sakakibara H, Hasegawa Y. A retrospective
multicenter study of bone mineral density in adolescents and adults with Turner
syndrome in Japan. Endocr J. 2020;67(10):1023-1028.

Nadeem M, Roche EF. Bone mineral density in Turner’s syndrome and the influence
of pubertal development. Acta Paediatr. 2014;103(1):e38—e42.

Saito S, Koga E, Okada Y, Tsuburai T, Yoshikata H, Miyagi E, et al. Effects of age at
estrogen replacement therapy initiation on trabecular bone score in Japanese adults
with Turner syndrome. Osteoporos Int. 2021;32(4):671-680.

Holroyd CR, Davies JH, Taylor P, Jameson K, Rivett C, Cooper C, et al. Reduced
cortical bone density with normal trabecular bone density in girls with Turner
syndrome. Osteoporos Int. 2010;21(12):2093-2099.

Hogler W, Briody J, Moore B, Garnett S, Lu PW, Cowell CT. Importance of
estrogen on bone health in Turner syndrome: a cross-sectional and longitudinal study
using dual-energy X-ray absorptiometry. J Clin Endocrinol Metab. 2004;89(1):193—
199.

Sas TC, de Muinck Keizer-Schrama SM, Stijnen T, van Teunenbroek A, van
Leeuwen WJ, A Asarfi A, et al. Bone mineral density assessed by phalangeal
radiographic absorptiometry before and during long-term growth hormone treatment
in girls with Turner's syndrome participating in a randomized dose response study.
Pediatr Res. 2001;50(3):417-422.

Bertelloni S, Cinquanta L, Baroncelli Gl, Simi P, Rossi S, Saggese G. Volumetric
bone mineral density in young women with Turner's syndrome treated with estrogens

or estrogens plus growth hormone. Horm Res. 2000;53(2):72—76.

31



APPENDICES
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Figurel. Femoral neck BMD (g/cm2) in Korean women with TS and healthy controls.
Solid black lines, data of normal controls from KNHANES; dashed lines, data of TS
patients according to the percentile BMD of the femoral neck. BMD was lower in the TS

group compared to that in healthy controls.
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Figure 2. Average femoral neck BMD in Korean women with TS and healthy controls.
Femoral neck BMD was lower in Korean women with TS than in healthy controls.

*p < 0.05 vs. healthy control of the same age group.
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Figure 3. Lumbar spine (L1-L4) BMD (g/cm2) in Korean women with TS and healthy
controls. Solid black lines, data of normal controls from KNHANES; dashed lines, data of
TS patients according to the percentile BMD of the lumbar spine. BMD was lower in TS

patients compared to normal controls.
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Figure 4. Average lumbar spine(L1-L4) BMD in Korean women with TS and healthy
controls was lower in Korean women with TS than in healthy controls.

*p < 0.05 compared to healthy women of the same age group.
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Figure 5B. Association between ERT duration and femoral neck BMD.

Figure.5A-B. Association between ERT duration and femoral neck BMD.

Longer ERT duration tended to be associated with lower femoral neck BMD.

37



J[Pearson = 0.089 P=0.15 . .
L]
L] * » .
.
.
.
.
'
(] : R : )
. *
N . < o <Lt
. H L .
° .
. : . . .
. . . 0
: ) . | P,
. . . . L . . :
a ' .
= H .
< : . :
3 ! . :
: . : . . . 3 H . H ! o H N
e ! * . . : : (] . .
H . L . S . . e e
' . H . [ ] . [] i .
HE . N :
* 1 R . 8 : .
- * . M : . L}
L] . . . .
L] . . . . .
* . . .3 -
. R | . . ] .
. . ¢ .
.
. . .
' 0
06 |
.
L]
.
0 E £ 25

Duration

Figure 6A. Association between ERT duration and lumbar spine (L1-L4) BMD.
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Figure 6B. Association between ERT duration and lumbar spine (L1-L4) BMD.

Figure 6A-B. Association between ERT duration and lumbar spine (L1-L4) BMD.

Longer ERT duration was associated with higher lumbar spine BMD Z-scores.
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Figure 7A. Annual change rate in femoral neck BMD.
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Figure 7C. Annual change rate in femoral neck BMD.
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Figure 7D. Annual change rate in femoral neck BMD.
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Figure 7F. Annual change rate in femoral neck BMD.

Figure 7A-F. Annual change rate in femoral neck BMD. Age at ERT initiation was
positively associated with the annual change rate in femoral neck BMD, although the

difference was not statistically significant.
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Figure 8B. Annual change rate of the lumbar spine (L1-L4) BMD.
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Figure 8F. Annual change rate of the lumbar spine (L1-L4) BMD.

Figure 8A-F. Annual change rate of the lumbar spine (L1-L4) BMD. The age at ERT
initiation was significantly and positively associated with the annual change rate of lumbar
spine BMD (r = 0.278, p = 0.0063). However, when analyzed according to the age group,

no correlation was observed, except for the 35-39 years age group.
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Figure 9. Femoral neck BMD (value and Z-score) by karyotype.
0) Karyotype 45 XO, 1) Karyotype with mosaicism.
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Figure 10. Lumbar spine (L1-L4) BMD (value and Z-score) by karyotype.

0) Karyotype 45 XO, 1) Karyotype with mosaicism.
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Tablel. Clinical features of the study group

N= 188 Value
Age (years) 28.638 + 6.115
Age at ERT initiation (years) 18.278 £ 5.719
Height (cm) 146.571 + 9.678
Weight (kg) 48.925 + 11.151
BMI (kg/m?) 22.631 + 4.285
Karyotype
Monosomy 51 (27.128%)
Mosaic 137 (72.872%)
GH
Yes 76 (40.426%)
NO 112 (59.574%)

Data are presented as mean £+ SD or N (%). SD standard deviation.

ERT estrogen replacement therapy, BMI body mass index, GH growth hormone.
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Table 2. Femoral neck BMD (g/cm?2) in Korean women with TS and healthy controls.

Age group Women with TS Healthy controls p-values

20-24 years 0.668 +0.119 (N = 149) 0.787 £ 0.107 (N = 545) <0.001
25-29 years  0.650+0.109 (N = 141) 0.763 £ 0.101 (N = 649) <0.001

30-34years  0.623+0.106 (N=119)  0.759 +0.103 (N = 872) <0.001

35-39 years  0.615 = 0.100 (N = 84) 0.758 + 0.103(N= 1124 <0.001
40-44 years  0.674 +0.078 (N = 6) 0.763 + 0.103 (N = 965) 0.035
4550 years  0.446 = 0.008 (N = 2) 0.746+0.106 (N=1156)  <0.001

Data are presented as mean + SD. Unpaired t-test was used for statistical analysis.
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Table3. Lumbar spine (L1-L4) BMD (g/cm2) in Korean women with TS and healthy

controls.

Age group

Women with TS

Healthy controls

p-values

20-24 years
25-29 years
30-34 years
35-39 years
40-44 years

45-50 years

0.835+0.126 (N = 154)
0.841+0.121 (N = 142)
0.837 +0.124 (N = 119)
0.840 + 0.124 (N = 85)
0.847 + 0.220 (N = 6)

0.596 +0.021 (N = 2)

0.958 £0.111 (N = 545)
0.965 +0.107 (N = 649)
0.988 +0.114 (N = 872)
0.998 +0.116 (N = 1124)
1.000 + 0.120 (N = 965)

0.971+0.131 (N = 1156)

<0.001

<0.001

<0.001

<0.001

0.150

<0.001

Data are presented as mean + SD. Unpaired t-test was used for statistical analysis.
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Table 4. Femoral neck BMD (value and Z-score) by karyotype.

0 (N=146) 1 (N=355) p
Femoral neck BMD 0.627+ 0.109 0.649+ 0.112 0.044
Femoral neck Z-score 1.403% 0.963 -1.184+ 0.987 0.023

Data are expressed as the mean £ SD. p Values were determined using the Student’s
unpaired t-test.

0) Karyotype 45 XO, 1) Karyotype with mosaicism.
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Table 5. Lumbar spine (L1-L4) BMD (value and Z-score) by karyotype.

0 (N=148) 1 (N=360) p
L1-L4 BMD 0.851+0.137 0.832+0.120 0.124
L1-L4 Z-score _1.3883+ 1.222 -1.488+ 1.088 0.365

Data are expressed as the mean + SD. P Values were determined using the Student’s
unpaired t-test.

0) Karyotype 45 XO, 1) Karyotype with mosaicism.
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Table 6. Factors affecting femoral neck BMD.

BMD Z-score >-2.0 (N=323) <-2.0 (N=94) p
Age at ERT initiation 17.909 + 4.634 18.615 + 5.599 0.273
Duration of ERT 10.603 + 5.815 9.780 + 6.530 0.248
Karyotype 0.649
0 93 (28.793%) 30 (31.915%)
1 230 (71.207%) 64 (68.085%)
Age at BMD evaluation 28.402 £ 5.666 28.606 + 6.328 0.765
ERT status 0.704
0 6 (1.858%) 3(3.191%)
1 317 (98.142%) 91 (96.809%)
GH 0.273
0 136 (42.105%) 33 (35.106%)
1 187 (57.895%) 61 (64.894%)
BMI 23.368 + 4.520 21.245 + 3.097 <0.01

Data are mean = SD or N (%). p Values were determined using the Student’s unpaired

t test.

Karyotype 0 -45 XO, Karyotype I-mosaic 45X0/46XX.
ERT status 0 — without ERT, ERT status I- with ERT.
GH 0 - without GH, GH I — with GH.
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Table 7. Factors affecting the BMD in lumbar spine L1-L4

BMD Z-score >-2.0 (N=278) =-2.0 (N=144) P
Age at ERT initiation 17.368 + 3.898 19.357 £ 6.106 0.001
Duration of ERT 11.162 + 5.806 8.821 £ 6.031 <0.01
Karyotype 0.683
0 84 (30.216%) 40 (27.778%)
1 194 (69.784%) 104 (72.222%)
Age at BMD evaluation 28.421 £ 5.737 28.333 £ 6.050 0.884
ERT status 0.953
0 6 (2.158%) 4 (2.778%)
1 272 (97.842%) 140 (97.222%)
GH 0.066
0 104 (37.410%) 68 (47.222%)
1 174 (62.590%) 76 (52.778%)
BMI 23.499 + 4.298 21.672 + 4.087 <0.01

Data are mean = SD or N (%). p Values were determined using the Student’s unpaired

t test.

Karyotype 0 -45 XO, Karyotype I-mosaic 45X0/46XX.

ERT status 0 — without ERT, ERT status I- with ERT.

GH 0 - without GH, GH I — with GH.
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