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1  | INTRODUC TION

Adolescence is a time of major increase in bone growth which is re‐
liant on adequate sex steroids.1 Early‐onset oestrogen deficiency 
presenting with primary amenorrhoea and delayed puberty is 

associated with reduced bone mineral density (BMD),2 but the impli‐
cations of this observation on future risk of bone fracture is unclear. 
To explore this further, we set out to assess history of bone fracture 
in women with Turner syndrome (TS) and premature ovarian insuf‐
ficiency (POI).
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Abstract
Objective: Women with early‐onset oestrogen deficiency are at risk of reduced bone 
mineral density (BMD). We sought to assess fracture history and BMD in women 
with Turner syndrome (TS) and premature ovarian insufficiency (POI).
Design: A cross‐sectional observational study.
Patients: Two hundred and sixty seven women with TS (median age 34.3 years) and 
67 women with POI (median age 28.1 years).
Measurements: A questionnaire was used to collect data on fracture history, co‐
morbidities and drug history including age at first oestrogen exposure. Clinical data 
included height, weight, serum vitamin D and hip and spine T‐scores, which were 
adjusted for height and age. Fractures were subdivided into major osteoporotic frac‐
tures (MOF) and ‘other’ fracture types.
Results: Overall fracture rate was similar in women with TS and POI (82 [30.5%] vs 22 
[32.8%] respectively, P = .74). Compared to women with POI, those with TS had more 
fractures at MOF sites (30.2% vs 52.7%, P =  .012) and fewer phalangeal fractures 
(27.9% vs 9.8%, P =  .005). There was no difference in BMD between women who 
sustained a fracture compared to those who did not. Women with TS who fractured 
were more likely to suffer from hearing impairment compared to those with no frac‐
ture (62.2% vs 48.1%, P = .045).
Conclusions: TS is not associated with an overall excess risk of bone fracture. The 
higher rate of fractures at MOF sites in women with TS may be secondary to hearing 
impairment, thin cortical bone and abnormal bone remodelling.
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Reduced bone density has been widely reported in women with 
TS.3-5 BMD in women with TS may, however, be underestimated be‐
cause of their short stature and smaller bone size, since dual‐energy 
X‐ray absorptiometry (DEXA) scanning assesses areal BMD (grams 
per square centimetre) and not volumetric density (grams per cubic 
centimetre).6 BMD adjusted for height is one method of correcting 
for smaller bone size in women with TS.2,7 Women with POI have 
also been shown to have reduced BMD,8 which is affected by the 
duration and degree of oestrogen deficiency.9

Studies reporting fracture risk in TS have shown varying results 
with prevalence ranging from 16.7% to 58.0%.4,6,10-14 An increased 
risk for fractures in women or girls with TS was noted in several re‐
ports 3,4,13-15 but not in others.11,16 A recent patient survey observed 
an increased fracture risk in women with TS only above the age of 
45.10 Such discrepancies can be accounted for by different method‐
ologies. Postal questionnaires with response rates of less than 60% 
10,13 may lead to over‐reporting of fractures. A higher fracture risk 
may have been reported in girls with TS in the study by Ross et al15 
where control data was obtained from medical records, whilst girls 
with TS were interviewed. Risk factors for fracture in women with 
TS included hearing impairment, especially the conductive type,12 
low BMD,4,12 frail cortical bone,14 impaired balance10 and family 
history.13

There are fewer data on fracture risk in women with POI, partic‐
ularly those with early‐onset. In a systematic review, no increased 
fracture risk was found in women experiencing early natural meno‐
pause before the age of 45.17 With menopause onset before the age 
of 40, however, women suffered from twice as many Colles frac‐
tures compared to women with later menopause.18 Similarly, in the 
Women's Health Initiative Observational Study, women who were 
menopausal before the age of 40 had a higher risk of fracture at any 
site in comparison to women who were menopausal after the age 
of 50.8

In this study, we sought to assess whether there was a differ‐
ence in fracture rates and type, age at fracture and BMD between 
oestrogen deficient women with TS and POI. To our knowledge, this 
is the first study to compare fracture rates in women suffering from 
TS with karyotypically normal women suffering from POI. We also 
wanted to investigate whether there were any risk factors associ‐
ated with fracture.

2  | MATERIAL S AND METHODS

2.1 | Subject recruitment

A cross‐sectional observational study was carried out as part of the 
Reproductive Life Course Project at University College London. 
Permission to perform the study was obtained from the Chelsea 
Research Ethics Committee, with study reference number LO/ 2174. 
Inclusion criteria included women with TS or POI with hypergon‐
adotrophic amenorrhoea before the age of 35 years. Two hundred 
and sixty‐seven women suffering from TS and 67 women with 
early‐onset POI were recruited, whilst 35 (11.6%) women with TS 

and 14 (17.3%) women with POI declined to participate in the study. 
A karyotype result was available for 251 (94.0%) women with TS, 
and the distribution of karyotype groups comprised as follows: 45,X 
(132 women, 49.4%); isochromosome 45,X,i(X) or 45,X/46,X,i(X) 
(50, 18.7%); mosaic 45,X/46,XX (27, 10.1%); any Y fragment (19, 
7.1%); and other karyotypes (23, 8.6%) including ring 45,X/46,X,r(X), 
45,X/47,XXX, partial X deletions, three or more cell lines such as 
45,X/46,XX/47,XXX and complex variants. For 16 women (6.0%) 
with no karyotype data, a clear clinical diagnosis was accepted. 
Women with POI had karyotypically normal idiopathic hypergonad‐
otrophic amenorrhoea except for one (1.5%) with galactosaemia and 
nine women (13.4%) with primary hypothyroidism. Informed consent 
was taken from all participants. All data were anonymized, and ques‐
tionnaires were coded.

2.2 | Questionnaire and data collection

The questionnaire involved a wide‐ranging 280‐item medical and 
psychosocial assessment, including bone health. Self‐reported frac‐
ture history included age and circumstances at the time of fracture. 
Fracture related variables included age at diagnosis, age at first oes‐
trogen exposure, whether menarche was natural or induced, history 
of thyroid dysfunction, coeliac disease, use of growth‐promoting 
treatments, steroids and bisphosphonates, previous pregnancy and 
whether they were currently taking hormone replacement therapy 
(HRT) and vitamin D supplements. Women with TS also completed 
a self‐assessment of hearing impairment, where they were asked if 
they ever had any hearing problems and if they have ever been is‐
sued with a hearing aid. Height, weight and BMI were recorded. The 
most recent serum vitamin D level of each subject was recorded in 
nmol/L, with results available in 87.4% of women.

For the TS group, data on growth‐promoting treatments in child‐
hood was available in 90.3%, of which 134 (55.6%) had received 
growth hormone (GH), and 46 (19.1%) had received oxandrolone. 
History of thyroid dysfunction and coeliac disease was available for 
94.0% of women with TS. Use of vitamin D supplements was avail‐
able in 91.9% of women, of whom 58.0% were recorded to be taking 
a supplement.

In order to explore the influence of the age of first exposure to 
oestrogen, women with primary amenorrhoea were divided in two 
groups depending on whether oestrogen replacement therapy was 
started at or before or after the 14th birthday.

2.3 | Bone mineral density

Bone density was measured using dual‐energy X‐ray absorptiometry 
(Hologic® Inc, model Discovery A [S/N 83799]). Thirty‐four (12.6%) 
women with TS and 6 (8.7%) women with POI had not yet attended 
for a BMD scan.

The routine bone density service at this centre provided BMD 
and T‐scores from which we chose to analyse T‐scores as the two 
are in linear relationship. We chose to use height‐adjusted T‐scores 
for analysis as a method for correction for bone size based on the 
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observation that height accounts for the major part of the differ‐
ence between BMD and bone mineral apparent density (BMAD).19 
Correction for height and age was performed by using unstandard‐
ized coefficients determined by multiple regression and according to 
the equations: Adjusted Spine T‐score = Raw Spine T‐score + (1.888 
* [1.52 ‐ Height])  +  (0.021 * [33.03 ‐ age]) and Adjusted Hip T‐
score = Raw Hip T‐score + (1.984 * [1.52 ‐ Height]) + (−0.002 * [33.03 
‐ age]),2 where 1.52 is the median height, and 33.03 is the median 
age for all subjects in the study.

2.4 | Fracture categories

Fracture sites were recorded as forearm, proximal humerus, fingers 
and toes, hip, other upper limb, other lower limb, vertebrae, skull 
and face fractures and rib and clavicular fractures. ‘Other upper 
limb’ fractures included fractures involving the mid‐shaft and dis‐
tal humerus, elbow and hand/metacarpals, whilst ‘other lower limb’ 
fractures included fractures of the mid‐shaft and distal femur, lower 
leg (tibia and fibula), ankle and foot/metatarsals. Major osteoporotic 
fractures (MOF) were defined as low‐fragility fractures occurring at 

major skeletal sites mainly the hip, vertebrae, proximal humerus and 
forearm.20,21 The rest of the fractures occurring at non‐MOF sites 
were classified as ‘other’ fractures.

Circumstances leading to the fracture were subdivided into falls 
and other trauma, the latter including fractures occurring during 
sports, play, jumping, punching, motor vehicle accidents, hitting ob‐
jects and following a seizure.

2.5 | Statistical analyses

Descriptive data were expressed as median and minimum and maxi‐
mum values for continuous variables, which were not normally dis‐
tributed; absolute numbers and percentage values were used for 
categorical variables. For those variables where some data points 
were missing, percentages were expressed as the proportion out of 
the total number of women with data available for that variable.

The Mann‐Whitney U test was used to compare continuous vari‐
ables between women with TS and POI. Chi‐square test was used to 
compare the different fracture categories and types, circumstances 
leading to fracture amongst women with TS and POI as well as risk 

TA B L E  1   Descriptive data (median [and minimum and maximum values] for continuous variables and absolute numbers [and percentage] 
for categorical variables) for Turner syndrome (TS) vs premature ovarian insufficiency (POI)

Variables
TS
N = 267

POI
N = 67 P

Age (y) 34.3 (15.0 ‐ 70.9) 28.1 (17.4 ‐ 52.7) .002*

Age at diagnosis (y) 10.0 (0.0 ‐ 35.0) 16.0 (0.1 ‐ 32.0) <.001*

Age at start of oestrogen treatment (y) 14.0 (9.0 ‐ 38.0) 16.0 (13.0 ‐ 32.0) <.001*

Age at start of ERT in primary amenor‐
rhoea (y)

14.0 (9.0 ‐ 35.0) 16.0 (13.0 ‐ 23.0) <.001*

Currently on HRT 234 (87.6%) 65 (97.0%) .025*

Primary amenorrhoea 237 (88.8%) 46 (68.7%) <.001*

Secondary amenorrhoea 29 (10.9%) 21 (31.3%) <.001*

Previously pregnant 24 (9.0%) 14 (20.9%) .006*

Adjusted hip T‐scores −0.8 (−2.8 ‐ 2.0) −1.1 (−2.7 ‐ 0.8) .092

Adjusted spine T‐scores −1.0 (−3.4 ‐ 2.7) −1.5 (−4.3 ‐ 1.0) .002*

Height (m) 1.5 (1.3 ‐ 1.7) 1.7 (1.5 ‐ 1.9) <.001*

BMI (kg/m2) 25.0 (16.4 ‐ 56.3) 22.7 (17.1 ‐ 38.6) <.001*

Hearing impairment 140 (52.4%) ‐ ‐

Use of hearing aid 80 (30.0%) ‐ ‐

Primary hypothyroidism 99 (39.4%) 9 (13.4%) <.001*

Primary hyperthyroidism 3 (1.2%) 0 (0%) ‐

Coeliac disease 16 (6.4%) 0 (0%) ‐

Vitamin D level (nmol/L) 60.0 (7 ‐ 208) 61.5 (13 ‐ 139) .460

On Vitamin D supplements 161 (67.1%) 17 (25.4%) <.001*

Use of bisphosphonates 12 (4.5%) 1 (1.5%) .256

Use of steroids 20 (8.3%) 1 (1.5%) .050

Suffered a fracture 82 (30.7%) 22 (32.8%) .737

More than 1 fracture 22 (8.2%) 10 (14.9%) .096

Earliest fracture age (y) 11.0 (3.0 ‐ 50.0) 10.0 (3.0 ‐ 25.0) .483

Abbreviations: BMI, body mass index; ERT, oestrogen replacement therapy and HRT, Hormone replacement therapy.
*The ones in bold and with an asterick are statistically significant. 
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factors for fracture between fracture and non‐fracture subgroups. 
The median age at fracture for the different fracture categories and 
types were calculated and compared between groups using the Mann‐
Whitney U test. The Kruskal‐Wallis test was used to compare the ad‐
justed T‐scores between women who sustained a MOF to women who 
sustained a non‐MOF and women who did not fracture. Earliest frac‐
ture age survival curves were derived using Kaplan‐Meier estimates. 
Statistical analyses were performed using IBM Statistical Package for 
the Social Science programme (SPSS®) version 25. Statistical signifi‐
cance was defined by a two‐sided P‐value < .05.

3  | RESULTS

Descriptive data for women with TS and POI is summarized in Table 1. 
The TS group differed from those with POI in the following respects: 
they were older, shorter of stature, had greater BMI, were diagnosed 
and started on oestrogen replacement therapy at a younger age, were 
more likely to present with primary amenorrhoea and have hypothy‐
roidism and more likely to be taking vitamin D supplements but less 
likely to be taking HRT. Prior pregnancy was more common in women 
with POI. Age‐ and height‐adjusted BMD T‐scores were lower for the 
spine but not hip in women with POI compared to women with TS.

There was no difference in serum Vitamin D levels or use of bi‐
sphosphonates between the two groups, though history of steroid 
use was more common in women with TS with borderline statisti‐
cal significance. Medical conditions for which steroid therapy was 
required included asthma, inflammatory bowel disease, inflamma‐
tory arthritis including psoriasis and psoriatic arthritis, recurrent 
acute urticaria, Wegener's granulomatosis and secondary adrenal 
insufficiency.

3.1 | Fractures

Eighty‐two out of 267 women with TS suffered from a total of 
112 fractures (mean of 1.4 fractures per person), whilst 22 out of 

67 women with POI sustained a total of 43 fractures (mean of 2.0 
fractures per person). There was no difference in the proportion of 
women who suffered from at least one fracture or more than one 
fracture between women with TS and POI (Table 1). In order to as‐
sess the influence of older age for women with TS, we used cumu‐
lative survival curves for age at first fracture in TS and POI, which 
show no difference in median age of fracture event between the two 
groups (Figure 1).

When the fracture sites were compared between women with 
TS and POI, finger and toe fractures occurred more commonly in 
women with POI (Table 2). None of the women with POI suffered 
from a hip or proximal humerus fracture, whilst these occurred in 3 
and 5 women with TS respectively. Thus, women with TS sustained 
more fractures at MOF sites compared to women with POI (59 frac‐
tures [52.7%] vs 13 fractures [30.2%] respectively, P = .012). ‘Other 
fractures’ included a total of 53 (47.3%) fractures in women with TS 
and 30 (69.8%) fractures in women with POI (P =  .054). There was 
no difference between the two groups in the number of fractures or 
fracture age for subgroups based on fracture sites such as forearm, 
other upper limb, other lower limb, vertebral, skull and face and rib 
and clavicular fractures individually. None of the fractures were clas‐
sified as atypical fractures. All vertebral fractures occurred at the 
age of 18 years or above. The majority of forearm fractures (76.5% 
of forearm fractures in TS and 83.3% of forearm fractures in POI) 
occurred in childhood and adolescence (≤18  years) with a median 
age of 13.0 (interquartile range [IQR] 8.0) for TS and 11.5 (IQR 7.3) 
for POI.

3.2 | Risk factors for fracture and reduced BMD

Women with TS who fractured were older compared to those who 
did not fracture (median age 36.7 [16.0‐ 70.2] vs 33.0 [15.0‐ 70.9] 
respectively, P =  .012) and were more likely to suffer from self‐re‐
ported hearing impairment (62.2% vs 48.1%, P =  .045). Karyotype 
distribution did not differ between women who suffered a fracture 
compared to those who did not (P = .24), with a similar proportion of 

F I G U R E  1   Kaplan‐Meier estimate for 
age at first fracture in Turner syndrome 
(TS) and premature ovarian insufficiency 
(POI). Median age TS 11.0 (Standard Error 
[SE] 1.0) vs POI 10.0 (SE 0.4), Log Rank 
P = .147
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monosomy 45X in both groups. Previous treatment with GH or ox‐
androlone did not affect fracture risk, and there was no difference in 
the current use of HRT or Vitamin D supplements, serum Vitamin D 
level, BMD, history of steroid use, pregnancy, thyroid dysfunction or 
coeliac disease in women with TS who fractured compared to those 
who did not fracture. Bisphosphonate use for osteoporosis, was, 
however, more common in women with TS who fractured (9.8% vs 
2.2%, P = .006), compared to the non‐fracture subgroup. No signifi‐
cant correlations between fracture and risk factors were identified 
in women with POI when analysed separately.

Women suffering from fractures at MOF sites were older com‐
pared to women who did not fracture (median age 36.2 [19.1‐70.2] 
vs 31.3 [15‐70.9], P  =  .021), and a greater proportion were taking 
vitamin D supplements (71.7% vs 56.0%, P = .038), had a history of 
bisphosphonate use (14.5% vs 1.7%, P = <0.001) and suffered from 
coeliac disease (11.1% vs 4.2%, P = .047). No other risk factors were 
associated with MOF or ‘other’ fracture subgroups when analysed 
separately.

Analysis of the circumstances leading to fracture showed that 
fractures at MOF sites were secondary to falls in 51.9% of women 
with TS and 44.4% of women with POI (P =  .68). Other traumatic 
injury was responsible for the majority of fractures in the ‘other’ 
fracture category in women with TS (55.3%) and in women with POI 
(71.4%).

A possible influence of the timing of induction of puberty in 
women with TS and POI who had experienced primary amenor‐
rhoea was assessed by comparing outcomes in those who started 
oestrogen replacement therapy after the age of 14 years with those 
who started oestrogen at or before the age of 14, as late and early 
puberty groups respectively. The late puberty group had lower me‐
dian (range) adjusted spine T‐scores (−1.3 [−4.1 ‐ 1.2] vs −1.0 [−4.3 
‐ 2.7], P  =  .001), but not at the hip. Adjusted spine T‐scores were 
lower in women with POI and primary amenorrhoea compared to 
women with TS and primary amenorrhoea (−1.6 [−4.3 ‐ 1.0] vs −1.0 
[−3.4 ‐ 2.7] respectively, P = .005). This difference in spine T‐scores 

between women with TS and POI was not observed in women with 
secondary amenorrhoea. Compared to women undergoing early in‐
duction of puberty, the late puberty group was not at an excess risk 
of fracture (P = .89).

Women taking HRT had a higher spine BMD (−1.1 [−4.3 ‐ 2.7] vs 
−1.4 [−3.4 ‐ 2.2], P = .031), whilst women with a history of bisphos‐
phonate intake had lower hip (−1.4 [−2.8 ‐ 0.2] vs −0.9 [−2.8 ‐ 2.0], 
P =  .045) and spine T‐scores (−2.7 [−3.4 ‐ −0.6] vs −1.1[−4.3 ‐ 2.7], 
P = <.001). BMD was not different in women with a history of coe‐
liac disease, vitamin D supplementation or thyroid dysfunction and 
similarly, it was not different in women with TS who received GH or 
oxandrolone therapy.

4  | DISCUSSION

In this cross‐sectional observational study, overall fracture rate 
in women with TS was not different from that of women suffer‐
ing from early‐onset POI, with no difference in the age at first 
fracture. Women with TS suffered from more fractures at MOF 
sites, whilst women with POI suffered from more phalyngeal frac‐
tures. Height‐ and age‐adjusted BMD was not different in women 
with TS and POI who suffered from any type of fracture, includ‐
ing a MOF, compared to women who did not. In women with pri‐
mary amenorrhoea, women with POI had a lower spine BMD and 
started oestrogen replacement therapy at an older age compared 
to women with TS.

Approximately one‐third of TS and POI women suffered from at 
least one fracture in this study. It is difficult to assess how this com‐
pares to the general population as epidemiological data are derived 
using different methods. In an epidemiological study of fractures car‐
ried out in England, the age‐standardized lifetime fracture prevalence 
in women was 32.0% (95% CI 31.3 to 32.8), with more than 30% of 
women having experienced a fracture by the age of 34.22 Similarly, 
in a longitudinal study of children and adolescents, 39.9% of girls at 
the age of 18 years had fractured during growth.23 In another study, 
the residual lifetime risk of fractures in women aged 60 years or older 
was 44% (95% CI, 40 to 48).24 Therefore, fracture prevalence in our 
cohort of women suffering from TS and POI appears to be similar to 
that observed in these general population studies.

Women with TS incurred more MOFs compared to women with 
POI, despite the absence of a reduced BMD in women with TS com‐
pared to women with POI and the absence of a lower BMD in women 
with TS who suffered from a MOF compared to those who did not. 
This may be accounted for by the reduced cortical bone thickness 
and cortical area in TS, leading to increased bone fragility,14,25,26 
which is also feature of isolated short stature homeobox (SHOX) 
deficiency, and women with TS are haploinsufficient for SHOX.27 
Moreover, abnormal bone remodelling secondary to increased os‐
teoclastogenesis and bone resorption coupled with blunted or nor‐
mal bone formation will result in reduced bone strength in women 
with TS.28,29 Furthermore, women with TS suffered more often 
from primary amenorrhoea and thus delayed puberty compared to 

TA B L E  2   Total number (and percentage) of patients according 
to fracture site in Turner syndrome (TS) compared to premature 
ovarian insufficiency (POI)

Fracture site
TS
N = 112

POI
N = 43 Pa

Forearm 47 (42.0%) 12 (27.9%) .107

Proximal humerus 5 (4.5%) 0 (0%) ‐

Vertebrae 4 (3.6%) 1 (2.3%) .694

Hip 3 (2.7%) 0 (0%) ‐

Fingers and toes 11 (9.8%) 12 (27.9%) .005*

Skull and face 5 (4.5%) 1 (2.3%) .537

Other upper limb 14 (12.5%) 5 (11.6%) .882

Other lower limb 16 (14.3%) 9 (20.9%) .314

Clavicle and ribs 7 (6.3%) 3 (7.0%) .869

aChi‐square test. 
*The ones in bold and with an asterick are statistically significant. 
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women with POI in the present study. Pubertal delay often results in 
a lower peak bone mass as well as a bone structural deficit.30

Females with TS who sustained a fracture were more likely to 
suffer from hearing impairment, which is a similar finding to that ob‐
served in a previous study where sensorineural deafness was asso‐
ciated with a higher fracture risk.12 A recent population study found 
a higher risk for fractures involving MOF sites in individuals with se‐
vere and profound hearing impairment.31 Hearing impairment may 
lead to reduced speech perception and spatial orientation32 result‐
ing in a higher risk of falls.33 Moreover, individuals suffering from 
hearing impairment may also have concomitant vestibular dysfunc‐
tion,34 which will lead to more balance issues and in turn a higher risk 
of falls and fractures as was noted in the study by Wasserman et al10 
Indeed, more than half of fractures at MOF sites in women with TS 
in our study occurred after falling.

The forearm or upper limb appear to be the most commonly 
fractured sites in women with TS in this study as in others,6,12,13 
especially those assessing children10,15 Interestingly, forearm frac‐
tures were also common in POI, so this may not be a TS specific ob‐
servation but studies disagree on this point.15,16 Forearm fractures 
are more common than other fractures in normal school‐aged chil‐
dren,35,36 and so we conclude that the forearm fracture frequency 
observed in the current cohort of women with TS and POI may be 
similar to that of the general population. The increased bone poros‐
ity and the deficit in bone mass compared to longitudinal growth 
that occurs at peak height velocity during puberty may explain the 
increased fracture incidence in this age group.30

Commencement of oestrogen therapy was not delayed in 
women who fractured compared to those who did not. However, 
women with POI and primary amenorrhoea had a greater delay in 
their start of oestrogen replacement therapy and a lower age‐ and 
height‐adjusted spine T‐score compared to women with TS. This 
trend for a lower BMD in association with a delay in oestrogen re‐
placement therapy has been observed in other studies.2,7 Reduced 
BMD and peak bone mass may result in an increased risk for fracture 
later on in adult life,30,37 but our data did not have sufficient power 
to confirm this.

Fracture risk and BMD were not affected by a history of thy‐
roid dysfunction or serum vitamin D concentrations. This could be 
because once a diagnosis of TS or POI is made, regular screening 
for these factors will lead to prompt treatment. Coeliac disease was 
associated with an increased risk of fractures at MOF sites only, ac‐
cepting that the number of fractures in this group was small. GH and 
oxandrolone therapy were not associated with a reduced fracture 
risk or improved BMD in women with TS, and this lack of effect of 
GH on BMD and fractures in women with TS was also observed in 
previous studies.38,39 We found no association between TS karyo‐
type and fracture similar to other studies.6,40

This study has a number of limitations, which include its ret‐
rospective nature contributes to recall and reporting bias for data 
based on a patient‐filled questionnaire. However, bone health was a 
small component of our questionnaire, and this should have limited 
ascertainment bias. Some of the younger patients who participated 

in our study had not yet done a DEXA scan so that BMD data for 
these patients was missing. Adherence to HRT was impossible to 
measure, and we did not gather information on family history of 
osteoporosis and fractures. Although we have adjusted BMD for 
height, areal BMD does not assess the bone micro‐architecture. 
Whilst measurement of BMD by means of peripheral quantitative 
computed tomography may be more accurate as it allows character‐
ization of volumetric BMD unlike DEXA, we did not have access to 
this in the routine clinic setting, and our software did not allow for 
the calculation of BMAD. Our ethical approval did not allow for a 
control group of healthy young women. Lastly, our cohort of women 
with TS and especially POI might have been too young to fully assess 
their risk of osteoporotic fractures.

In conclusion, women with TS do not appear to be at an over‐
all excess risk of fracture compared to women with POI, though 
did sustain a significantly greater number of fractures at MOF 
sites. Since BMD was not reduced in women with TS compared 
to women with POI, other factors such as thin cortical bone, ab‐
normal bone remodelling and hearing impairment may predispose 
women with TS to more MOFs. Women with TS and POI and pri‐
mary amenorrhoea, who started oestrogen replacement therapy 
at an older age had a lower BMD at the spine. This stresses the 
importance for more timely initiation of oestrogen replacement 
therapy in such women presenting with hypergonadotrophic pri‐
mary amenorrhoea.
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