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Abstract

Background
The aim of this exploratory study was to establish whether we could improve skeletal
health with a physiological regimen of SSR in young women with premature ovarian
failure (POF).

Patients and Methods

In an open-label randomised controlled crossover trial, 34 women with POF were
randomised to 4-week cycles of pSSR (transdermal oestradiol, 100ug daily for week
1, 150ug for weeks 2-4; vaginal progesterone, 200mg twice-daily weeks 3-4) or sHRT
(oral ethinyloestradiol 30ug and 1.5mg norethisterone daily for weeks 1-3, week 4
“pill-free”) for 12 months. Bone mineral density (BMD) was measured by DEXA at
study entry and after each 12-month treatment period. Blood samples for hormones
and markers of bone formation (bone alkaline phosphatase, BALP, and Type I
collagen N-terminal propeptide, PINP) and bone resorption (CrossLaps) were
collected pre/post washout and after 3, 6 and 12 months of each treatment.

Results

18 women, mean 27 (range 19-39) years, completed the study. Both regimens caused
similar suppression of LH and FSH. Mean baseline lumbar spine BMD z-score was -
0.89 (95% CI -1.27 to -0.51) and increased by +0.17 (CI +0.07 to +0.27) in response
to pSSR (P=0.003) compared with +0.07 (CI -0.03 to +0.18) during standard HRT
(P=0.2). During pSSR, the increment in lumbar spine BMD z-score was related
positively to oestradiol (r = +0.49, P =0.04) and inversely to FSH (r = -0.65, P
=0.004). Bone formation markers, BALP and PINP, increased in the pSSR arm
(ANOVA P<0.001) but decreased in the sHRT arm (P<0.01). Both treatments
suppressed the bone resorption marker, CrossLaps (P <0.001).

Conclusion

We conclude that pSSR over 12 months has a beneficial affect on bone mass
acquisition on the lumbar spine in women with POF, mediated by increased bone
formation and decreased bone resorption.

Keywords
Ovarian failure, sex hormone replacement, bone mineral density, bone turnover
markers.
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Introduction

Osteoporosis, reduced bone mineral density (BMD), and increased risk of fracture
have been reported in Turner syndrome (1) and in women with premature ovarian
failure (POF) due to other causes, including after successful treatment of childhood
cancer. For the survivor of childhood cancer the risk of developing POF depends on
the treatment received by the patient (2). The highest risk is to those girls who
received radiotherapy to a field that includes the ovary (3,4,5,6). There is some
evidence that oestrogen replacement and treatment of short stature with growth
hormone will improve bone mass in women with Turner syndrome (7).

The menopause has an adverse affect on bone health that is cumulative over time. A
very early menopause has a potentially devastating effect on long-term bone health.
There is a large body of research that has evaluated hormone replacement regimens
for older women who are menopausal but young women with POF, who will require
sex steroid replacement (SSR) therapy for many years, are under researched (8).

There is no agreed consensus on the optimum oestrogen and progesterone
replacement regimens for young women with POF. Currently young women with POF
are offered combined hormone replacement in the convenient form of the oral
contraceptive pill, or hormone replacement therapy designed for older women after
the menopause (9). These preparations are not designed to achieve physiological
replacement of oestrogen or progesterone either in dosage or in biochemical structure.
With these young women looking to a future of 30 or more years of replacement
therapy, the optimum mode of SSR to sustain and improve bone health is not known

(8).

Oestrogen is a potent stimulator of bone mineral accretion through puberty (10).
Following the development of the menopause bone loss proceeds at an increased rate.
Achieving an inadequate peak bone mass increases the risk of osteoporosis and bone
fractures in later life. In Turner syndrome there is evidence that women who do not
achieve optimal peak bone mass have a higher rate of bone fractures (11). There is
also evidence that prolonged oral contraceptive use in skeletally immature female
young adult monkeys leads to a lower peak bone mass (12).

Physiological SSR (pSSR) achieves sex steroid serum concentrations similar to
concentrations in women with normal ovarian function (13) and improves parameters
of uterine function (14). Recently we have shown that pSSR in women with POF
results in lower blood pressure, better renal function and less activation of the renin-
angiotensin system than a standard sex steroid replacement regimen (15). By further
study of the same group of young women with POF due to different causes, the aim of
this study was to establish whether we could improve skeletal health with a
physiological regimen of SSR.
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Methods

Subjects

Forty-two women with POF as a result of Turner syndrome, chemotherapy or
radiotherapy treatment for cancer, surgical ovariectomy or unknown cause
(idiopathic) were recruited between February 2002 and September 2004 and the trial
was completed in November 2006. The detail of the study design and patient
demographics has been previously reported (15). POF was defined as onset of
biochemically confirmed menopause before the age of 40 years. The study was
approved by the local research ethics committee, received Clinical Trial Authorisation
by the Medicines and Healthcare products Regulatory Agency (UK), in accordance
with the Declaration of Helsinki, and written informed consent was obtained from all
subjects.

Study Protocol

This was an open-label randomised controlled crossover trial. At entry, all subjects
were receiving a standard non-physiological hormone replacement regimen. After an
initial 2-month washout period of no therapy, patients were randomised to receive
either pSSR or standard hormone replacement treatment (SHRT). pSSR consisted of
transdermal oestradiol 100ug daily for week 1 and 150ug for weeks 2-4 (Estraderm
TTS patches, Novartis Pharmaceuticals UK Ltd), with progesterone 200mg twice
daily in weeks 3-4 (Cyclogest vaginal pessaries, Actavis UK Ltd). Some subjects used
oral progesterone as dydrogesterone 10mg twice daily (Duphaston, Solvay Healthcare
Ltd, UK) in preference to vaginal pessaries. SHRT comprised ethinyloestradiol 30ug
and norethisterone 1.5mg daily (Loestrin 30, Galen Ltd, UK) for weeks 1-3, followed
by 7 “pill-free” days. After the first 12-month treatment period, a second 2-month
washout period was completed before subjects crossed over to the alternative
treatment.

BMD assessments were made by dual energy X-ray absorptiometry (DEXA) at study
entry and after each 12-month treatment period. Blood samples were collected for
hormonal measurements and for markers of bone formation, namely bone alkaline
phosphatase (ALP) and procollagen type I amino-terminal propeptide, (PINP), and
bone resorption, namely the cross-linked C-terminal telopeptide of type I collagen
(CrossLaps), before and after each washout period, and at 3, 6 and 12 months of each
treatment period. Samples were collected on day 21 of each 4-weekly treatment cycle.
Investigators were blinded to treatment allocation until all bone outcome
measurements were complete.

DEXA measurements were performed at all scheduled time points. Blood samples
were collected at all scheduled time points except for one missing sample after first
wash-out in one subject owing to sampling difficulties.

BMD measurements

Bone mineral density (BMD) of the lumbar spine (L1-L4), femoral neck and total hip
were measured by a Hologic QDR4500A Dual-Energy X-ray Absorptiometer
operated in array mode. The normal data supplied by the manufacturer were used to
determine the z-scores (see below); it has previously been established that there is no
significant difference between the manufacturer’s normal data and local normal data
(J. Hannan, personal communication). The long-term precision at our centre is 2.4%,
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2.7% and 2.3% for lumbar spine, femoral neck and total hip respectively,
corresponding to approximately twice the short-term precision quoted by the
manufacturer.

Analytical methods

All assays were measured in duplicate, including samples from each subject in a
single analytical run to minimise imprecision. LH and FSH were measured by
DELFIA time-resolved immunofluorescence assays (Wallac Oy, Turku, Finland),
standardised against the second international reference preparations 80/552 and
78/549 respectively. Within- and between-run coefficients of variation were <7%.
17B-oestradiol was measured by a specific radioimmunoassay that does not cross-
react with oestrone or ethinyloestradiol (Adaltis Italia S.p.A., Italy) and progesterone
by an established in-house radioimmunoassay (16). Within- and between-run
coefficients of variation were <10% and <14% respectively. Bone ALP was measured
using an enzyme immunoassay specific for bone ALP (Metra™ BAP, Quidel
Deutschland GmbH, Marburg, Germany), PINP by RIA (Orion Diagnostica, Espoo,
Finland) and serum CrossLaps by ELISA (Nordic Bioscience Diagnostics, Herlev,
Denmark). Within- and between run coefficients of variation were <5% for bone
ALP, <3% for PINP, and <6% for serum CrossLaps respectively.

Data analysis

BMD was expressed as g/cm2 and as z-scores (SD scores), calculated by subtracting
the mean BMD of the adult age-matched female population from the subject’s BMD
and dividing by the population standard deviation. Changes in BMD (in g/cm” and as
z-scores) in response to each treatment arm (pSSR or sHRT) were also calculated by
subtracting the BMD at the start of each treatment period from that measured at the
end of each treatment period. Changes in bone markers in response to each treatment
period were expressed both as percentage change in relation to post-washout baseline
and as absolute values. For each subject, we calculated their mean hormone
concentration during pSSR and sHRT treatments as the within-individual average of
measurements at 3, 6 and 12 months of each respective treatment period. Data were
summarised as mean (reported with 95% confidence interval (CI) of the mean).
Comparisons between groups were performed using unpaired t-tests. Paired t-test
were used for within-subject comparisons of BMD and bone marker responses to
PSSR and sHRT. One-way within subject analysis of variance was used for repeated
measures of bone markers through time. We used Pearson correlation to explore
relations between variables. Multiple linear regression was used to identify
independent predictors of BMD response to treatment. To check for period effects and
treatment period interactions, we used unpaired t tests to compare the differences and
sums respectively of each BMD or mean bone marker response to each treatment for
the group who had pSSR first and the group who had it second. Statistical analyses
were performed using Analyse-it software (v2.03). Statistical significance was
accepted at P <0.05 (two-tailed).
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Results

Of the 42 subjects identified as eligible for the study, 34 women proceeded to
randomisation and had baseline investigations and 18 women completed the full study
protocol (Figure 1, previously published in ref 15). In general, more women withdrew
during the first treatment phase, suggesting lack of tolerance of the intensive nature of
the research protocol rather than the intervention. Both treatments were generally well
tolerated, although some women reported adverse reactions to the patch adhesive
during pSSR.

Table 1 shows the characteristics of the subjects who completed the study protocol
compared with those who withdrew. Among those who completed, there were more
Turner syndrome patients, more women with pre-pubertal onset of POF and more
women randomised to SHRT as first treatment. Those who completed had similar age,
height, weight and BMI to those who withdrew. Lumbar spine BMD was lower in the
women who completed than in those who withdrew (P =0.03) but bone marker levels
at baseline were similar in the two groups.

18 women completed the study (age range 19 — 39 years) of whom 7 had Turner
syndrome and 11 had other causes of POF: treatment for cancer (n = 4), bilateral
ovariectomy (n = 1) or idiopathic (n = 6). At baseline, women with Turner syndrome
were younger and shorter than those with other causes of POF, but did not differ in
terms of BMD at any site, bone markers or hormonal status on their pre-study
hormonal replacement regimen (Table 2). Similarly, women with pre-pubertal onset
of POF were younger than those with post-pubertal onset, but did not differ in terms
of BMD, bone markers or hormonal status (Table 2). Regardless of aetiology or age
of onset of POF, the lumbar spine was more affected than the femoral neck or total
hip.

After first wash-out, LH and FSH were high in all subjects (minimum LH 21.3 U/,
minimum FSH 45.3 U/1), confirming ovarian failure (Table 3). Thereafter, LH and
FSH decreased to a similar extent during both pSSR and sHRT, suggesting equivalent
sex steroid replacement.

Table 4 shows the changes in BMD in response to pSSR and sHRT. Lumbar spine
BMD z-score increased by +0.17 (CI +0.07 to +0.27) from baseline in response to
pSSR (P =0.003) whereas there was no significant change in response to sHRT (P
=0.2). However, when the two treatments were directly compared in the same
subjects, the mean difference in lumbar spine BMD z-score response was +0.09 (95%
CI-0.06 to +0.25) which did not reach statistical significance (P = 0.2). There were no
significant changes in femoral neck or total hip BMD in response to either treatment.
There were no detectable treatment order interactions for any BMD changes in
response to the two treatments.

During pSSR, the increment in lumbar spine BMD z-score was positively related to
mean within-subject oestradiol (r = +0.49, P =0.04) and inversely related to mean
within-subject FSH (r =-0.65, P =0.004) but not LH (r = -0.24, P =0.3) over the same
period. Multiple linear regression analysis indicated that both FSH and oestradiol
were independent predictors of lumbar spine BMD z-score increments during pSSR
(P =0.005 and 0.05 respectively), explaining 55% of the variance.

Page 6 of 21



Page 7 of 21

©CoO~NOUTA,WNPE

285

290

295

300

305

Clinical Endocrinology

Table 5 shows bone marker data at baseline and after first and second wash-out. Pre-
washout markers were similar to levels reported in normal pre-menopausal women,
reflecting their pre-study hormone replacement. CrossLaps increased markedly by
+86% (CI +38 to +135%) and +73% (+23 to +123%) during first and second wash-
outs, whereas bone ALP (+22%, CI +8 to +35%, and +18% , +4 to +31%) and PINP
(+24%, -3% to +51% and +17%, -3 to +37%) showed smaller, less consistent
changes. There were no significant differences between the markers after second
washout compared with after first washout (P =0.5 for CrossLaps, P =0.2 for bone
ALP and P =0.5 for PINP), indicating that bone turnover was similar at the start of
each treatment period.

All bone markers showed significant changes through time in response to pSSR
(ANOVA P = 0.003, <0.001 and <0.001 for bone ALP, PINP and CrossLaps
respectively) and sHRT (ANOVA P <0.001, <0.001 and <0.001). The bone marker
responses to pSSR and sHRT, expressed as percentage changes from post wash-out
baseline, are compared in Figure 2. Bone ALP and PINP increased in response to
PSSR but decreased in response to sHRT (Figure 1A and 1B). Responses at 3, 6 and
12 months were markedly different between treatments, both in terms of percentage
changes versus post wash-out baseline (bone ALP P <0.001 at all time points, PINP
P <0.001, <0.001 and 0.03 respectively) and in terms of absolute values (bone ALP P
<0.001 at all time points, PINP P <0.001, <0.001 and 0.006 respectively). By
contrast, both treatments suppressed CrossLaps, although suppression was less
pronounced for pSSR than for sHRT (Figure 1C, between-treatment differences at 3,
6 and 12 months P 0.01, 0.02 and 0.5 for percentage changes and P 0.01, 0.003 and
0.6 for absolute values respectively). There were no detectable treatment order
interactions for bone marker changes in response to the two treatments.
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Discussion

This is the first prospective exploratory study comparing hormone replacement
regimens on skeletal health parameters in young women with POF. In this study,
PSSR therapy over a 12-month period resulted in a significant improvement in lumbar
spine BMD z-scores, whereas SHRT did not. Both regimens suppressed the bone
resorption marker, CrossLaps, but only pSSR was associated with an increase in bone
formation markers, bone ALP and PINP. Although our study used different hormone
regimens from those in the large randomised HRT trials, we have demonstrated that
there was a significant improvement in bone health for women with POF when they
received physiological sex steroid replacement therapy, but not when they received
standard HRT. These results have important implications for the long-term use of
hormone replacement to maximise bone health in women with POF.

Young women with untreated POF are at increased risk of developing osteoporosis,
along with cardiovascular disease and cognitive impairment.. There is no agreed
consensus on the optimum oestrogen and progesterone replacement regimens for
young women with premature ovarian failure. Factors that influence choice include
convenience of preparation and suitability of preparation to achieve optimum skeletal
and cardiovascular health. We audited the prescribing habits of all United Kingdom
European Society of Paediatric Endocrinology members. A questionnaire was sent to
members to enquire as to their choice of hormone replacement in young women with
premature ovarian failure. There was a good response to the questionnaire — 42 were
sent and 30 (71%) returned. 28 of the 30 respondents had a first preference. The most
commonly used is the oral contraceptive pill (64%), Loestrin being the most
frequently prescribed OCP (67%). 18% prescribed an “HRT” preparation used for
post menopausal women, Prempak C being the only prescribed “HRT”. As a result of
this small study we chose the oral contraceptive pill as standard HRT for this group
of young women (9). Some women may require hormone replacement for over three
decades (17). Despite the widespread use of these hormonal preparations, the long-
term continuous use of these conventional doses by women with POF may not
provide hormone concentrations that optimise bone health. There is a higher incidence
of osteoporotic fractures amongst women with Turner syndrome despite long-term
hormone replacement (18). Thus physiological levels of oestradiol may be required to
achieve optimum bone mass and rates of bone formation that are not attained through
standard, conventional hormone replacement.

It is well documented that bone health significantly deteriorates after biological
menopause in young or older women due to reduction of circulating oestrogen (19,
20). Large, randomized trials have shown that HRT in postmenopausal women can
dramatically improve BMD and reduce fracture risk (21,22,23). However in these
studies, patients were older, had a later onset and shorter duration of menopause and
did not have Turner syndrome, nor had they undergone anti-cancer treatment or
ovariectomy like some of the patients in our study. Results from these studies cannot
therefore be extrapolated to women with POF. Few studies have investigated the
effect of HRT in young women with POF, but in Turner syndrome there is evidence
to indicate the importance of oestrogen exposure on bone mass acquisition in
adolescence (24).
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Our results demonstrate that treatment with pSSR produced a significant increase in
lumbar spine BMD z-score whereas sHRT did not. There was no significant change in
femoral neck or total hip BMD z-scores in response to either regimen. However, when
the two treatments were directly compared in the same subjects, the mean difference
in lumbar spine BMD z-score response did not reach statistical significance. We
accept that one year is a short time to see BMD changes in response to any
intervention in adults. In clinical practice in postmenopausal women with
osteoporosis on treatment, DEXA scans are usually done at not less than 2 year
intervals for this reason. It is well recognised that different parts of the skeleton
respond in different ways to oestrogen. The lumbar spine is predominantly trabecular
bone, compared to femoral neck which is predominantly cortical, thus oestrogen will
affect the BMD of these sites to differing extents. It has been suggested that it is
preferable to monitor bone at an area containing a significant proportion of trabecular
bone (25). Trabecular bone is more metabolically active, and a greater proportion is
undergoing remodelling at any one time compared with cortical bone. Agents such as
oestrogen that affect bone formation and resorption influence it to a much greater
degree and more rapidly. (26) In our study, during pSSR, the increase in lumbar spine
BMD was positively related to oestradiol levels and inversely related to FSH,
consistent with a direct beneficial effect of oestrogen on net bone mineral accrual at
this site.

Results from this study show that whilst both pSSR and sHRT regimens suppressed
the bone resorption marker CrossLaps, only pSSR had a positive effect on the bone
formation markers bone ALP and PINP, whereas sHRT, in contrast, had a negative
effect on bone formation. This indicates that standard doses of HRT may be adequate
to suppress osteoclast activity and reduce bone resorption but are insufficient to
stimulate bone formation through an increase of osteoblast action. pSSR parenteral
administration allows a more consistent, stable physiological level of oestrogen to be
achieved since the regimen avoids the hepatic first-pass effect of drug metabolism,
which occurs in sHRT therapy. Animal studies of oestrogen receptor knockout mice
also suggest that different levels of oestrogen activate different oestrogen receptors
and thus exert different actions on bone resorption and formation. At low oestrogen
levels, ER B is predominantly activated which is enough to suppress bone resorption.
At increased oestrogen levels, both ER o and ER J are activated, stimulating bone
formation (27,28). In our study, there was an early rise in bone formation markers at 3
months before a plateau or reduction during subsequent months, suggesting a period
of increasing osteoblast proliferation and activity after initial administration, a finding
common to another study (29).

An important weakness of our study is the heterogeneous aetiology of the women
with POF. Women with Turner syndrome have often been treated with growth
hormone during childhood, whereas other women with POF have not, which may
affect BMD and body composition (7). BMD measurements by DEXA are also
influenced by bone size and may give misleadingly low z-scores in women below the
height of 150cm. However, this was not a major factor in our study as only one
woman with Turner syndrome who completed the protocol was below 150cm in
height (height 149cm). Although Turner syndrome women were generally younger
and shorter than non-Turner women, they did not differ in terms of baseline BMD at
any site nor in baseline biochemistry. Furthermore, we did not observe any difference
in treatment effect between Turner and non-Turner subjects, nor between those with
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pre-pubertal or post-pubertal onset of POF (data not shown). However due to such
small sample groups, no firm conclusions can be drawn. It is impossible to generalise
treatment benefits for all patients with POF disregarding its aetiology and timing.
However, to minimise these potential confounding effects, we chose to use a
crossover design in our study to ensure that all subjects with different aetiologies and
timing of onset of POF received both treatment regimens to enable each patient to act
as their own control.

There was a high dropout rate in this study with only 18 out of 34 subjects (52%)
completing the whole protocol, which is a further significant weakness of this study.
As more women withdrew during the first phase of treatment, we can attribute these
dropouts to difficulty in adhering to study protocol rather than the intervention
treatment itself.

Although during the relatively short period of this study, pSSR did not dramatically
affect all aspects of skeletal health, it significantly improved BMD z-score at lumbar
spine (which was low at baseline) and increased bone formation whereas sHRT did
not. These observed differences in treatment effect support the hypothesis that the
type and profile of hormone replacement are critical and can have considerable effects
on the bone health of women with POF. Long-term randomised studies with larger
sample sizes from diagnostically homogeneous populations are needed in order to
confirm these results and for an evidence base to be constructed. If evidence continues
to grow in support of these skeletal health findings, together with evidence of an
improvement in blood pressure and cardiovascular risk previously reported in this
group of women (15), the quality of hormone replacement for women with POF could
be significantly improved.
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1

2

3

g 455 Table 1 Baseline characteristics of subjects who completed the study protocol
6 compared with subjects who subsequently withdrew from the study
7

8 Characteristic Completed Withdrew
0 n=18 n=16

11 Aetiology of ovarian failure:

12 Turner Syndrome / Other 7/11 2/14

13 Onset of POF: pre / post puberty 12/6 4/12

14 Treatment order:

I pSSR-sHRT / sHRT-pSSR 6/12 10/6

17 Age, years 27 31

18 (23 - 30) (28 — 34)

19 Height, cm 160 162

20 (156 — 164) (156 — 168)
- Weight, kg 714 712

23 (62.3 — 80.4) (61.2-81.2)
24 BMI, kg/m” 27.7 26.7

25 (24.8 —30.7) (23.9-29.7)
gg Lumbar spine BMD, g/cm’ 0.933 1.041°

28 (0.892 -0.974) | (0.964 — 1(.1 18)
29 Lumbar spine BMD z-score -0.89 -0.04*

30 (-1.26 to -0.51) | (-0.77 to +0.70)
31 Femoral neck BMD, g/cm” 0.800 0.833

gg (0.744 — 0.856) | (0.744 — 0.921)
34 Femoral neck BMD z-score -0.38 -0.10

35 (-0.88 to +0.12) | (-0.89 to +0.69)
36 Total hip BMD, g/cm’ 0.892 0.947

37 (0.827 - 0.957) | (0.859 — 1.034)
gg Total hip BMD z-score -0.28 +0.04

20 (-0.74 to +0.18) | (-0.67 to +0.74)
41 CrossLaps, ng/LL 312 266

42 (237 —386) (193 —338)
43 Bone ALP, U/L 14.9 15.3

jg (12.1-17.8) | (129-17.6)
46 PINP, ug/LL 53.1 54.9

47 (42.9 — 63.3) (37.3-172.5)
48 LH®, U/L 12.3 25.4°

49 (5.6 - 19.0) (15.0 -35.9)
o FSH®, U/L 219 374

50 (10.7 = 33.2) (22.2 — 52.6)
53 Oestradiol °, pmol/L 125 315°

54 (61 —190) (109 — 521)
95 Data are expressed as mean (95% CI mean).

gs * P <0.05 compared with those who completed the study.

58 460  ° Pre-washout, reflecting previous HRT prior to commencing study.
59

60

11



©CoO~NOUTA,WNPE

465

470

Clinical Endocrinology

Table 2: Baseline characteristics of patients who completed the study protocol
according to aetiology and age of onset of premature ovarian failure (POF)

Aetiology Onset of POF
Turner Other Pre-puberty Post-puberty

N 7 11 12 6
Age at study, years 229° 29.1 24.1 31.8¢

(20.9 - 24.8) (24.1-34.1) (21.0-27.1) (24.3 -39.3)
Height, cm 154° 164 158 163

(150 -159) (159 - 168) (154 -163) (155-171)
Weight, kg 69.4 72.6 72.5 69.1

(56.1 —82.7) (58.6 — 86.6) (61.1 —84.0) (48.0 - 90.1)
BMI, kg/m” 29.0 26.9 28.7 25.8

(24.4-33.7) (225-314) (25.0-32.5) (19.3-32.3)
Lumbar spine BMD, 0.932 0.934 0.921 0.957
glem’ (0.834 - 1.031) (0.888 —0.979) | (0.867-0.975) | (0.877 —1.037)
Lumbar spine BMD, -0.91 -0.87 -1.01 -0.65
Z-score (-1.84 to +0.01) (-1.28 t0 -0.46) | (-1.51to -0.51) | (-1.37 to +0.07)
Femoral neck BMD, 0.809 0.794 0.775 0.850
glem’ (0.713 = 0.905) (0.713 -0.876) | (0.717 -0.834) | (0.703 —0.996)
Femoral neck BMD, -0.36 -0.39 -0.64 +0.15
z-score (-1.20 to +0.49) (-1.14 t0 +0.36) | (-1.16 t0 -0.13) | (-1.15 to +1.45)
Total hip BMD, 0.894 0.891 0.868 0.939
glem’ (0.754 - 1.033) (0.807 —0.974) | (0.789 —0.947) | (0.790 — 1.087)
Total hip BMD, -0.16 -0.36 -0.45 +0.05
z-score (-0.91 to +0.60) (-1.04 to +0.32) | (-0.96 to +0.06) | (-1.14 to +1.24)
CrossLaps, ng/L 393 260 336 263

(280 - 507) (161 —359) (232 - 440) (142 - 384)
Bone ALP, U/L 15.0 14.9 16.0 12.8

(12.6 - 17.5) (10.1 -19.7) (12.4-19.6) (6.9-18.8)
PINP, ug/L 60.3 48.6 58.8 41.8

(52.0 — 68.6) (32.0-65.1) (454-72.1) (25.8-57.9)
LHY UL 5.8 16.5 11.0 14.9

(<0.6-11.6) (6.2-26.8) (3.6-18.4) (<0.6-33.3)
FSH Y, U/L 13.7 27.2 20.3 25.3

(2.4-25.0) (9.4-45.0) (7.9 -32.6) (<1.0-56.4)
Oestradiol d, pmol/L 100 142 87 203

(<36 -173) (37 -246) (47 -127) (<36 — 406)

Data are expressed as mean (95% CI mean).
* P <0.05 compared with non-Turner (other).
®P <0.01 compared with non-Turner (other).
¢ P <0.05 compared with pre-pubertal onset of ovarian failure

¢ Pre-washout, reflecting previous HRT prior to commencing study.

12
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Table 3 Hormone levels after first wash-out and during pSSR and sHRT

Clinical Endocrinology

Hormone After first pSSR sHRT
washout
LH (U/L) 38.9 13.5 8.0
(30.3-47.5) | (7.6-194) | (5.0-11.1)
FSH (U/L) 85.8 21.0 17.3
(67.8—103.8) | (13.8—28.2) | (9.9 -24.7)
Oestradiol (pmol/L) 66 406 66"
(51 -81) (280-532) | (50-83)
Progesterone (nmol/L) 4.9 5.7 4.8
(4.2-5.6) (50-6.3) | (42-5.3)

Hormonal data during pSSR and sHRT are expressed as overall 3 — 12 month mean

values (95% CI mean) during each treatment arm respectively.
* The assay used for oestradiol does not cross-react with ethinyloestradiol used during

sHRT.

Table 4 Changes in BMD in response to pSSR and sHRT

BMD measurement pSSR sHRT
Lumbar spine BMD, g/cm” +0.019 * +0.01
(+0.008 to +0.029) | (-0.002 to +0.022)
Lumbar spine BMD, z-score +0.17° +0.07
(+0.07 to +0.27) (-0.03 to +0.18)
Femoral neck BMD, g/cm2 +0.012 +0.011
(-0.007 to +0.030) | (-0.005 to +0.027)
Femoral neck BMD, z-score +0.12 +0.11
(-0.05 to +0.29) (-0.04 to +0.25)
Total Hip BMD, g/cm’ -0.009 +0.005
(-0.051 to +0.034) | (-0.007 to +0.017)
Total Hip BMD, z-score -0.04 +0.03
(-0.16 to +0.08) (-0.08 to +0.13)

Data are expressed as mean (95% CI mean)
*P <0.01 versus baseline BMD

13
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Table 5 Bone markers at baseline, and after first and second wash-out

Bone marker Baseline After first | After second | Reference range *
wash-out wash-out
CrossLaps, ng/LL 312 487° 519 287
(237 -386) | (405-569) | (438 —601) (112 —738)
Bone ALP, U/L 14.9 17.7¢ 19.0 18.3
(12.1-17.8) | (13.4-21.9) | (14.8 —23.3) (11.6 — 29.6)
PINP, pg/L 53.1 61.8 58.1 46
(42.9-63.3) | (50.2-73.4) | (49.6 — 66.5) (19 -102)

Data are expressed as mean (95% CI mean) in study subjects
* Reference data provided by the kit manufacturer for pre-menopausal women,
expressed as median (bone ALP) or mean (PINP and CrossLaps) and 2.5Mt0 97.5"
percentile reference ranges.
® P <0.001 versus baseline
¢ P <0.05 versus baseline

14
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Figure legends

Figure 1: Study consort flow chart (ref 15)
Figure 2: Percentage changes in bone markers compared with post wash-out baseline

in response to pSSR (solid squares) and sHRT (open squares).
(a) Bone ALP (b) PINP (c) CrossLaps. Data are expressed as mean (95% CI).
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