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A longitudinal observational study was performed comparing BMD and body
composition in Turner syndrome girls before and after 1 year of HRT treatment. Whole
body BMD, femur neck BMD, total hip BMD, and lean mass were significantly increased,
but there was no difference in fat mass, and lumbar spine BMD.

Purpose: Low bone mineral density (BMD) is one of the major health problems in Turner
syndrome (TS) patients, and a certain percentage of TS girls are treated with hormone
replacement therapy (HRT) to improve their BMD, among other health benefits. While it
is generally accepted that HRT improves BMD and body composition in adolescent and
young adult TS patients, studies of HRT in Chinese TS patients are limited.

Methods: To investigate the effects of HRT in Chinese TS girls, we performed a
longitudinal observational study which compared measurement of BMD and body
composition by dual energy X-ray absorptiometry (DXA) using a Lunar DXA densitometer
in 20 Chinese adolescent and young adult TS patients (average age = 18) before and
after 1 year of HRT treatment.

Results: Whole body BMD (0.85 vs. 0.87 g/cm?, P < 0.001), femur neck BMD (0.6
vs. 0.62 g/cm?, P = 0.02), total hip BMD (0.68 vs. 0.71 g/cm?, P = 0.003) and whole
body lean mass (30.39 vs. 31.66kg, P = 0.002) were significantly increased in these
patients after 1 year HRT treatment, but there was no difference in whole body fat mass,
android:gynoid ratio and lumbar spine BMD.

Conclusions: In summary, our study found that HRT was an effective way to increase
whole body BMD, femur neck BMD, total hip BMD and whole body lean mass in
Chinese TS girls, with no effect on whole body fat mass, android:gynoid ratio or lumbar
spine BMD.
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INTRODUCTION

Turner syndrome (TS), a disease caused by the deletion or
structural abnormality of one X chromosome, is characterized by
short stature, low hormone, and congenital under development
of the uterus and ovaries (1). Although the incidence of TS is
between 1/2,500 and 1/3,000 among live-born girls, it is one
of the most common chromosomal diseases in females (2).
The symptoms of TS are varied, but all TS patients report
a higher frequency of medical conditions compared to the
normal population (3). For adolescent and young adult patients
with TS, bone health and bone mineral density (BMD) are
major concerns (4). TS women have a higher frequency of
osteopenia/osteoporosis and bone fracture than normal females
(5). The reasons for low BMD and increased bone fragility are
multifarious, including chronic hormone deficiency (especially
estrogen deficiency), X-chromosome abnormalities (especially
haploinsufficiency of the SHOX gene), and other environmental
factors (such as few/decreased physical activity due to skeletal
muscular dysplasia) (2, 4, 6).

Hormone replacement therapy (HRT) is an important strategy
for improving BMD in TS patients because chronic estrogen
deficiency is one of the major reasons for bone loss in TS patients.
However, several studies found that the BMD of TS patients
with HRT were still very low (7, 8). One study indicated that
lumbar spine BMD was increased after HRT, while other BMD
parameters (e.g., hip BMD, forearm BMD and ultra-distal BMD)
remained unchanged (9).

HRT should also have a positive effect on preventing body
fat mass gain in women with malfunctioning ovaries, because
the loss of endogenous estrogen may lead to fat mass gain in
those women (10). However, whether HRT can change the body
composition in TS patients remains unclear. It has previously
been reported that whole body fat mass measured by dual energy
X-ray absorptiometry (DXA), body mass index (BMI), and waist-
to-hip ratio (WHR) were not changed by cyclical HRT in 9 non-
obese TS patients (mean age: 23 years), but whole body lean
mass measured by DXA had a tendency to increase (p = 0.054)
after 1 year HRT treatment (11). Recently, a 5-year prospective
randomized controlled clinical trial in Demark found that whole
body fat mass did not change in the HRT group, but whole body
lean mass increased in the high dose HRT group (Trisekvens with
estradiol 2 mg on day 1-22 of the menstrual cycle) of young TS
women (mean age: 19.2 years) (12).

To investigate the effects of HRT on BMD and body
composition in Chinese adolescent and young adult TS patients,
we performed this study by comparing BMD status at baseline
with 1 year follow-up after HRT was started in TS patients.
BMD and body composition were assessed by DXA which
is the diagnostic gold standard tool for the diagnosis of
osteopenia/osteoporosis and sarcopenia. To reduce bias caused
by other BMD related factors including age, ethnicity, and

Abbreviations: BMD, bone mineral density; TS, Turner syndrome; HRT,
Hormone replacement therapy; DXA, dual energy X-ray absorptiometry; BMI,
Body mass index; WHR, waist-to-hip ratio; BMC, Bone mineral content; FSH,
Follicle stimulating hormone.

ovarian function status, we performed this study among TS
patients with primary amenorrhea. HRT is initiated at the age
of 13 or above for most TS girls, therefore all participants were
above 13 years of age and 19 of the 20 participants were over 15
years of age.

METHODS

Participants

A total of 20 adolescent and young adult TS patients
(including X0 and mosaicism, diagnosed based on the results
of chromosome analysis, for details see Supplementary Table 1)
with primary amenorrhea participated in the current study. For
each subject, cytogenetic analysis was performed on peripheral
blood lymphocytes according to standard Giemsa stain G
banding technology with 350-450 bands, more than 30 cells
were karyotyped per patient (13). Exclusion criteria for our study
were other chronic bone diseases which may influence BMD
(e.g., osteochondrodysplasia and malignant osteopetrosis), other
diseases which may influence BMD (e.g., type 1 or type 2 diabetes,
hyperthyroidism, coeliac disease, other thyroid disorders) or
treatment with drugs associated with bone metabolism or BMD
(e.g., glucocorticoid and growth hormone). Since the karyotype
of TS patients is not associated with their BMD status and
body composition (14, 15), the present study did not exclude
TS patients with mosaicism. The participants were treated and
followed by the same physicians in the Divisions of Pediatric
Endocrinology and Gynecology Endocrinology of Guangzhou
Medical University, Guangzhou Women and Children’s Medical
Center, China. The baseline clinical data, including age, weight,
height, body mass index (BMI), whole body fat mass, whole body
lean mass, whole body mass, android:gynoid ratio, whole body
BMD, lumbar spine BMD, femur neck BMD, and total hip BMD
are shown in Table 1. All of the participants were then started
on HRT, and measurements repeated at 6 and 12 months post
starting treatment. There was only one patient <15 years old who
was started with continuous low-dose estradiol valerate therapy
(0.5 mg daily for the first 6 months, continued with 1 mg daily
for another 6 months; Progynova), the other participants who
were over 15 years of age received cyclic HRT (17B-estradiol
2 mg/d for 28 days, adding dydrogesterone 10 mg/day for 14
days on day 14; Fenmatong) (16). Pubertal/sexual maturity was
assessed following Marshall-Tanner criteria (17, 18). The study
was performed in accordance with institutional guidelines, and
written informed consent was obtained from the participants
enrolled or the parents of those with a chronological age below
18 years. The study was approved by the ethics committee
for human investigation at Guangzhou Women and Children’s
Medical Center.

BMD Evaluation

Whole body fat mass, whole body lean mass, whole body
mass, android:gynoid ratio, and BMD in different sites were
measured by dual energy X-ray absorptiometry (DXA) using
a Lunar DXA densitometer (Lunar Corporation, Madison WI,
U.S.A.). The DXA device is composed of a set of equipment
including a super stable X-ray generator, a computer and data
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analysis software. The X-rays are emitted by the X-ray generator,
which can penetrate the body. Different tissues have different
attenuation signals of X-ray due to different thickness and
density. After processing by computer software, the content of
different tissues is calculated. To date, determination of bone
mineral density by DXA is the gold standard for the diagnosis
of osteopenia/osteoporosis and sarcopenia (19, 20). In addition,
DXA determination of whole body fat mass and whole body lean
mass has a high sensitivity and specificity. The low radiation dose
of DXA also ensures its safety in adolescents and young adults.
The BMD measurements were conducted before HRT therapy, 6
months after HRT therapy and 1 year after HRT therapy.

Statistical Analysis

Basic statistics including means and standard deviation (SD)
were computed by SPSS (Statistical Package of Social Sciences,
Chicago, IL, USA) for Windows software program version 19.0.
Differences between baseline and that of follow-up after HRT
were tested by ANOVA for Repeated Measurement Data. Results
are presented as a mean#standard deviation (SD). A P < 0.05
was considered as the threshold for nominal significance.

RESULTS

The basic clinical data of the 20 TS patients is shown in Table 1.
Of the participants, the mean age is 18, the mean BMI is
21.3 Kg/m?, the mean whole body fat mass is 15.59Kg, the
mean whole body lean mass is 30.38 Kg, the mean whole body
mass is 45.98 Kg, the mean whole body BMD is 0.85 g/cm?,
the mean lumbar spine BMD is 0.69 g/cm?, the mean femur
neck BMD is 0.60 g/cm?, and the mean total hip BMD is
0.68 g/cm?. For reference, data for normal 18 year old girls is
shown in Supplementary Table 1. The karyotype and Tanner
stage of puberty for each of the study participants is shown in
Supplementary Table 2.

Since there were two follow-up points and some missing data
in this study, we used a linear mixed effect model of ANOVA
for repeated measurement data. The first step was to analyse the

TABLE 1 | Basic clinical data of adolescent and young adult TS patients.

Variables Mean (Range) SD

Age 18.45(16-21) 3.07
Weight (Kg) 44.64(32.5-65) 10.09
Height (cm) 144.89(131.8-163) 8.77
BMI (Kg/m?2) 21.30(16.5-21.4) 4.65
Whole Body BMD (g/cm?) 0.85(0.77-0.96) 0.07
Lumbar Spine BMD (g/cm?) 0.69(0.57-0.79) 0.09
Femur Neck BMD (g/cmz) 0.60(0.44-0.82) 0.1

Total Hip BMD (g/cm?) 0.68(0.52-0.90) 0.09
Whole Body Fat Mass (Kg) 156.69(8.26-27.16) 5.30
Whole Body Lean Mass (Kg) 30.39(23.85-39.04) 4.55
Whole Body Mass (Kg) 45.98(32.11-66.19) 8.99

trends of each measurement index in the follow-up period. There
was a significant difference in whole body BMD (P < 0.0001),
whole body BMC (Bone Mineral Content, P < 0.0001), whole
body bone area (P = 0.003), femur neck BMD (P = 0.01), total
hip BMD (P = 0.002), total hip BMC (P = 0.05), whole body lean
mass (P = 0.004), and whole body mass (P = 0.005) (Table 2).
However, there was no significant difference found in lumbar
spine BMD, lumbar spine BMC, lumbar spine bone area, femur
neck BMC, femur neck bone area, total hip bone area, whole body
fat mass, and android:gynoid ratio.

Further analysis showed that after 6 months HRT treatment,
whole body BMD (P = 0.01), whole body lean mass (P = 0.004)
and whole body mass (P = 0.04) were significantly increased,
but there was no significant difference found in the BMD of
other sites (Supplementary Table 3; Supplementary Figures 1,
2). After 12 months HRT treatment, whole body BMD
(P < 0.001), whole body BMC (P < 0.001), whole body bone
area (P < 0.001), femur neck BMD (P = 0.02), total hip
BMD (P = 0.003), total hip BMC (P = 0.04), whole body lean
mass (P = 0.002), and whole body mass (P = 0.007) were
significantly increased, and there was no significant difference
found in lumbar spine BMD, lumbar spine BMC, lumbar
spine bone area, femur neck bone area and total hip bone
area (Table 3; Figures 1, 2).

DISCUSSION

In summary, our results suggest that HRT treatment in
adolescent and young adult TS patients is generally effective in
improving BMD, especially for whole body BMD, hip BMD and
femoral neck BMD. However, it must be noted that while there
was an improvement for all the patients their BMD was still
below that considered normal for females of their age (data not

TABLE 2 | Change of bone mineral status and body composition after 1 year HRT.

Variables Mean (Range) SD P-Value
Whole Body BMD 0.86 (0.78-0.94) 0.06  <0.0001
Whole Body BMC 1313.49 (1054.15-1795.19) 181.08  <0.0001
Whole Body Bone Area 1521.58 (1335.39-1800.66) 127.16  0.003
Lumbar Spine BMD 0.73 (0.6-0.86) 0.07 0.1
Lumbar Spine BMC 33.80 (21.85-46.00) 7.38 0.6
Lumbar Spine Bone Area 46.39 (36.22-56.33) 23.63 0.9
Femur Neck BMD 0.62 (0.64-0.86) 0.11 0.01
Femur Neck BMC 2.79 (2.18-3.90) 0.47 0.05
Femur Neck Bone Area 4.53 (3.40-6.04) 0.58 0.8
Total Hip BMD 0.70 (0.55-0.93) 0.10 0.002
Total Hip BMC 19.90 (16.23-26.85) 2.70 0.05
Total Hip Bone Area 28.48 (25.14-34.14) 2.55 0.8
Whole Body Fat Mass 17521.74 (8676.63-29379.22) 5677.88 0.1
Whole Body Lean Mass ~ 31959.37 (24855.73-40769.51) 4424.01  0.0002
Whole Body Mass 49481.11 (33532.36-69764.00) 9350.11  0.005
Height 147.46(138.5-163) 6.03 0.1

BMI, body mass index; BMD, bone mineral density; SD, Standard Deviation.

BMD, bone mineral density; BMC, bone mineral content; SD, Standard Deviation.
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TABLE 3 | Bone mineral status and body composition baseline and after 12
months HRT.

Baseline (n = 20) 12 months (n = 17) P-Value

Whole Body Fat Mass ~ 15594.76 + 5302.42 16874.49 + 5869.95 0.04

@)

Whole Body Lean 30387.51 + 4549.32 31657.94 + 4283.18  0.002
Mass ()

Whole Body Mass (g) 45982.27 + 8991.47 48532.43 + 9558.27  0.007
Android:Gynoid Ratio 0.92 +£0.18 0.93+0.13 0.2
Whole Body BMD 0.85 +£0.07 0.87 £0.07 0.0001
(g/cm?)

Whole Body BMC (g) 1253.86 + 192.02 1301.21 £ 156.58  0.0001
Whole Body Bone Area 1470.26 + 131.35 1491.87 + 108.24 0.0001
(cm?)

Lumbar Spine BMD 0.69 £ 0.09 0.73 £0.09 0.1
(g/cm2)

Lumbar Spine BMC (g) 30.66 + 6.57 32.73 +£7.09 0.2
Lumbar Spine Area 43.96 £+ 5.42 44.42 £+ 5.61 0.4
(cm?)

Femur Neck BMD 0.6 +£0.1 0.62 £0.11 0.02
(9/cm?)

Femur Neck BMC (g) 2.62+04 2.7 +£0.39 0.03
Femur Neck Bone Area 4.4 4+ 0.63 4.37 £ 0.51 0.5
(cm?)

Total Hip BMD (g/cm?) 0.68 &+ 0.09 0.71 £ 01 0.003
Total Hip BMC (g) 18.77 + 2.49 19.32 4+ 2.55 0.04
Total Hip Area (cm2) 27.71 £2.99 27.35 +£2.78 0.7

BMD, bone mineral density; BMC, bone mineral content.

shown). In contrast to a previous study (9), we did not observe
an improvement in lumbar spine BMD which may in part be due
to the small sample size of the current study. At the same time,
whole body lean mass and whole body mass were significantly
enhanced, while the whole body fat mass and android:gynoid
ratio did not change.

For TS patients, low BMD and increased risk of bone
fractures are two major bone health concerns. Across all age
ranges, TS patients have lower BMD compared to age matched
normal control girls and women (4, 21, 22). Low BMD during
climacterium and senectitude is an important risk factor for bone
fractures, therefore it is essential to improve their BMD not only
during climacterium and senectitude but also in adolescent and
young ages.

In general, HRT was thought to be an important option
for improving BMD in TS osteopenia or osteoporotic women
because estrogen-deficiency and elevated follicle stimulating
hormone (FSH) levels are two of the major reasons for bone
loss in TS individuals (4, 23). In those estrogen-deficient and
elevated FSH patients, the increasing level of serum estrogen
not only increases the number of active osteoblasts but also
decreases the high bone turnover rate (24). One previous study
demonstrated that low BMD in TS patients was related to high
osteoclastogenesis, which in turn was caused by high levels of
FSH (23). HRT is an effective way to reduce FSH levels, which
may help to improve BMD in TS patients. However, several

studies have reported that the BMD of TS patients after HRT are
still very low (7, 8).

Some differences in these different studies may be explained
by the use of different HRT protocols in different centers.
Exogenous E2 can be administered various different routes
including transdermally (TD), orally, transvaginally, or by
injection. TD administration by-passes the liver, there are no
efficacy studies on age at onset and duration of treatment,
furthermore, TD is not available in our hospital. Oral estrogens
include 17p-estradiol, estradiol valerate and conjugated estrogens
(CEE). Previous studies have found no significant differences
in fasting insulin concentration, protein turnover, lipolysis,
BMI or waist-to-hip ratio between groups with TD vs. oral
natural estrogen treatment (25-27). CEE’s raise blood pressure
and are therefore not recommended. All but three participants
were not sexually active, so transvaginal administration was
not recommended for TS girls in our study. Administration
by injection is not preferred by most patients. Therefore, oral
administration was used for the current study. It is recommended
that in girls low dose estrogen be given to induce puberty
(2-3 years), at which point estrogen should be increased to
2 mg/d and progesterone added. However, GWCMC only has
2mg 17p-estradiol and because the patients were older than
15 years they were automatically started on cyclic HRT, all
the patients subsequently started breakthrough bleeding after
treatment was started.

In the present study, we found that whole body BMD, femur
neck BMD and total hip BMD were significantly increased after
HRT was given among adolescent and young adult TS patients,
but there was no difference in lumbar spine BMD. Our results
indicated that the mechanism of action of HRT in improving
BMD varies depending on the skeletal site being assessed. For
whole body BMD, femur neck BMD and total hip BMD, chronic
estrogen deficiency may be the major reason for bone loss in these
sites. But for lumbar spine BMD, X-chromosome abnormalities,
or other genetic factors may be the major reason for bone loss in
adolescent and young adult TS patients (14). Our findings also
demonstrated that whole body BMD was the earliest site among
the enhanced BMD sites, which was increased after 6 months
HRT. Femur neck BMD and total hip BMD were significantly
increased after 1 year HRT, but total hip bone area did not alter.
This finding implies that HRT may increase bone mineral content
but not its size. Whole body BMD increased after 6 months HRT
and whole body bone area increased after 1 year HRT, which
suggests that the increase in bone mineral content precedes an
increase in bone size after HRT among adolescent and young
adult Turner syndrome patients.

Some studies have also reported an effect of HRT on body
composition including fat mass and lean mass in TS patients,
although this finding has not been consistent (10-12). The loss
of endogenous estrogen may lead to fat mass gain so that TS
women were found to have higher fat mass and higher BMI than
age matched control women (28). The current study reports that
HRT increased whole body lean mass and whole body mass,
while the whole body fat mass and android:gynoid ratio were
not altered. This finding suggests that HRT has a positive effect
on body composition, enhanced lean mass improves muscle
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strength and can prevent bone fractures (4). In addition, keeping
a fit body shape and low fat mass can also help prevent other
serious chronic metabolic health problems such as obesity, type

2 diabetes, and cardiovascular disease for TS patients. Therefore,
the positive effect of HRT on body composition in TS women
may also lead to lifelong health benefits.
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X-chromosome abnormalities or other genetic factors may be the
major reason for bone loss in Chinese adolescent and young adult
TS patients. In addition, HRT was an effective way to enhance
whole body lean mass and whole body mass in TS girls, and
it has no effect on whole body fat mass and android:gynoid
ratio. However, it must be noted that due to the rarity of
this condition the sample size in the current study was small
and larger studies are required. Our present study is a 1-year
longitudinal study, which only shows the effect of HRT on
BMD and body composition at this time point. Further long-
term follow-up studies are needed to evaluate the long-term
efficacy of HRT and determine the peak BMD after HRT for
TS patients during their life time. In conclusion, our findings
suggest that HRT has a significant positive impact on increasing
BMD, improving muscle strength, preventing bone fracture and
keeping a fitness body shape, which will give TS women lifelong
health benefits.
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