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Abstract

Objectives: To assess bone health in adult women with complete androgen insensitivity syndrome (CAIS) and removed
gonads compared with age-matched healthy controls. To evaluate the effects of transdermal oestradiol 2 mg or oral
estradiol valerate 2 mg on bone, biochemical and clinical characteristics.

Design: Cohort study.

Methods: Bone, body composition and anthropometric parameters were assessed in 32 adult CAIS and 32 healthy
controls. In 28 cases, CAIS evaluations of metabolic, bone and body composition were performed also after a
maximum of 6 years of therapy.

Results: Lumbar, femoral and total body bone mineral density (BMD) were significantly lower in those with CAIS when
compared with controls. The prevalence of vertebral osteoporosis and osteopenia was significantly higher in the CAIS
group (P=0.038, OR=9.67, 95% Cl: 1.13-82.83 and P=0.012, OR= 3.85, 95% Cl: 1.34-11.16, respectively). Prevalence
of femoral osteopenia was significantly higher in the CAIS group (P=0.0012, OR=7.93, 95% Cl: 2.26-27.9). During
follow-up, lumbar BMD significantly increased suggesting a significant effect of treatment on BMD (P =0.0016), while
femoral and total body BMD did not show any significant change. Total body BMD values were positively associated
to the duration and route of oestrogen administration and to serum estradiol levels. Transdermal administration of
estrogens was associated with better total body BMD in comparison to oral administration.

Conclusions: Our results reinforce the importance of adequate hormonal treatment for women living with CAIS,
suggesting a better effect from the transdermal route over the oral route.
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Introduction

Background This syndrome is characterised by complete androgen

resistance in androgen-dependent tissues caused by
Complete androgen insensitivity syndrome (CAIS) is the mutations in the androgen receptor (AR). Bone health
most common 46,XY disorder of sex development (DSD) is a major concern in women with CAIS because of the

with an estimated incidence of 1-5 per 100,000 births (1). known importance of estrogens and androgens on the
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growth and maintenance of the skeleton. In CAIS women,
the combined skeletal resistance to androgen action
and oestrogen deficiency can result in decreased bone
mineral density (BMD). In this regard, optimal timing of
gonadectomy is still debated (2, 3, 4, 5). Both adolescent
and adult CAIS with removed gonads showed reduced
BMD mainly in the lumbar region (6, 7, 8, 9, 10, 11).
Low BMD has been also related to inadequate hormone
replacement therapy (HRT) after gonadectomy (8, 12) but
whether appropriate HT is sufficient to maintain bone
health is unclear. Adult CAIS appropriately treated with
HT showed better lumbar and femoral BMD values (7,
9); however, these studies were quite heterogeneous with
various formulations and doses of HT and only included
a small number of cases or reports of single individuals.

Objectives

The primary aim of our study was to assess bone health in
adult women with CAIS and removed gonads at the time
of their first visit to our gynaecological centre compared
with age-matched healthy controls. The secondary aims
of our study were to evaluate the effects of two types of
oestrogen therapy (transdermal estradiol gel 2mg or oral
estradiol valerate 2mg) on bone, biochemical and clinical
characteristics of CAIS patients.

Subjects and methods

Study design and population

In this cohort study we evaluated 32 adult patients with
CAIS and removed gonads. The female control group
included 32 healthy age-matched women. Women were
selected from patients who attended the Gynecology and
the Physiopathology of Human Reproduction Unit at
S. Orsola University Hospital in Bologna.

All CAIS patients presented 46, XY karyotype with
confirmed AR mutation and external female genitalia.
Inclusion criteria were CAIS diagnosis with complete
genetic work-up and previous bilateral gonadectomy.
Exclusion criteria were previous testosterone intake and
intact gonads. The control group was age matched (for
each CAIS there was a healthy control of the same age).
With the control group, inclusion criteria were regular
menstrual cycles and normal ovaries at ultrasound, while
exclusion criteria included diseases or current/previous
drugs causing bone impairment and current or previous
hormonal treatments.
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All participants were in good physical health at the
time of enrolment and were asked about previous illnesses
and medication use, current and past smoking habits, and
physical activities.

The following data were recorded for CAIS patients:
age at gonadectomy, age at starting estrogens, type and
dose of estrogens (oral vs transdermal).

We compared spine, femoral and total body BMD and
body composition in women with and without CAIS. In 18
patients these evaluations were performed at the time of
their first visit and during a follow-up period ranging from
2 to 6 years. Anthropometric measurements were taken
from all subjects: stature was measured with a stadiometer
as the distance from the vertex to the floor by asking
the subject to stand erect, barefoot with their shoulders
touching the wall. Body mass index (BMI) was calculated
as weight in kilograms divided by the square of height in
metres (kg/m?). All patients underwent clinical, laboratory
and radiologic assessment as per clinical practice. Bone
parameters were assessed every 12-18 months and noted
in patients’ charts. At baseline and during follow-up,
body composition and BMD were measured by dual X-ray
absorptiometry using the Hologic 49 159 densitometer
and standard QDR body composition software (Model
QDR4500W, Software Level 112, Hologic Spine, Hologic,
Bedford, MA, USA) to evaluate body fat and lean mass.
Spinal BMD was obtained between lumbar levels 1-4
(L1-L4) and total hip BMD at femoral neck, trochanteric
and intertrochanteric regions. The results of BMD were
provided in g/cm?2. The T score indicates how much the
value of BMD measured in a bone site differs from that of
the reference sample, consisting of healthy subjects aged
25-30 years (the age at which peak bone mass is reached).
The World Health Organization (WHO) criteria divides
BMD values as follows: normal: BMD between +2.5 and
—1.0 DS compared to the average peak bone mass value
in a young adult (T score), osteopenia: BMD between —1
and —2.5 DS and osteoporosis: BMD value below —2.5 DS.
The Z score indicates the number of standard deviations
of values measured in bone sites and how they deviate
from those measured in the healthy reference population,
consisting of subjects of the same sex and age as CAIS
patients being studied.

Laboratory test results recorded were oestradiol (E),
luteinising hormone (LH), follicle-stimulating hormone
(FSH), haematocrit (Ht), haemoglobin (Hb), fasting glucose,
fasting insulin, total cholesterol (Tot Chol), high- and low-
density lipoproteins (HDL and LDL), triglycerides (TG),
aspartate and alanine aminotransferases (AST and ALT),
prothrombin time (PT), activated partial thromboplastin

https://eje.bioscientifica.com

Downloaded from Bioscientifica.com at 07/28/2021 09:17:42AM
via free access



European Journal of Endocrinology

time (aPTT), fibrinogen (factor I), osteocalcin (OC),
parathyroid hormone (PTH), bone alkaline phosphatase
(BAP) and 25-hydroxyvitamin (Vit D). Fasting insulin
resistance (HOMA-IR) was calculated using the formula
HOMA-IR = (fasting insulin in pU/mLx fasting glucose in
nmol/L)/22.5. Laboratory tests were performed by the
same hospital laboratory. For the control group hormonal
tests were performed in the follicular phase of the cycle
(days 3-5). Progesterone measurement should have been
performed in the luteal phase, but it was not available for
the majority of controls and for this reason we excluded
it from the analysis.

The present study was approved by the Medical Ethics
Committee of S. Orsola-Malpighi University Hospital,
Bologna, (137/2017/0/Oss)
1975 Helsinki Declaration, and all patients gave written
informed consent.

in accordance with the

Statistical analysis

All continuous data are expressed as mean and standard
deviation and all categorical data are expressed by
frequency rate and percentage. The Kolmogorov-Smirnov
test was used to assess the normality of distributions. When
data were normally distributed, parametric Student’s t-test
was used to assess differences between the two groups.
Otherwise the Mann-Whitney test was used. Tests used are
detailed in table legends. Bone and metabolic parameters
and scores during follow-up were compared using one-
way repeated-measures ANOVA. Pearson’s nonparametric
chi-squared test or Fisher’s nonparametric chi-squared test
was performed to investigate the relationships between
categoric variables. To investigate factors influencing BMD
multiple linear regression was used. P<.05 was considered
significant. Statistical analysis was carried out by means
of the Statistical Package for the Social Sciences (SPSS)
software, version 23.0 (International Business Machines
Corp., Armonk, NY, USA).

Results

Demographic and clinical characteristics of
women with CAIS and controls

Thirty-six women with CAIS were potentially eligible and
were screened. According to our exclusion criteria four
women were not enrolled. The remaining 32 women
with CAIS were enrolled and thus included in the data
analysis. Mean age was 34.5+10.4 years (range: 19-57
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years) (Table 1). All patients had undergone gonadectomy
at a mean age of 12.3+7.9 years (range 0-24 years). Mean
HRT duration at the time of their first visit in our centre
was 17.4+11.6 years and all patients were using HT.
The control group consisted of 32 healthy, age-matched
women of similar BMI to the CAIS patients. In the control
group, there were more current smokers than in the CAIS
group. All participants in the study were Caucasian and
born in Italy. Performed tests: when data were normally
distributed, parametric Student’s t-test was used to assess
differences between the two groups. Otherwise the Mann-
Whitney test was used (used only for BMI).

Bone parameters

Bone parameters in CAIS and age-matched healthy controls

At the time of their first visit to our centre, lumbar, femoral
and total body BMD were significantly lower in the CAIS
group when compared with the control group: 0.94+0.13
vs 1.10+0.14, P<0.0001, 0.88+0.14 vs 1.01+0.11,
P<0.0001 and 1.01+0.13 vs 1.15+0.09, <0.0001,
respectively (Table 2). Fat mass was not significantly
different between the two groups (Table 2). Fifty-six
point three percent (18/32) and 25% (8/32) of CAIS
patients presented lumbar osteopenia and osteoporosis
respectively, while 53.1% (17/32) and 9.4% (3/32)
patients presented femoral osteopenia and osteoporosis.
Prevalence of vertebral osteoporosis and osteopenia was
significantly higher in the CAIS group (8/32 and 18/32
in CAIS vs 1/32 and 8/32 in controls, P=0.038, OR=9.67,
95% CI: 1.13-82.83 and P=0.012, OR=3.85, 95% CI: 1.34-
11.16, respectively). Prevalence of femoral osteopenia was
significantly higher in the CAIS group (17/32 vs 4/32,
P=0.0012, OR=7.93, 95% CI: 2.26-27.9), while femoral
osteoporosis was more prevalent in CAIS group even if
the difference was not significant (4/32 in CAIS vs 0/32
in controls, P=0.12, OR=10.3, 95% CI: 0.53-199). No
osteoporotic fractures were detected in the CAIS and
control patients during follow-up and in anamnesis.

Analysis of factors potentially influencing BMD

In CAIS patients we analysed factors potentially associated
to BMD values at various bone sites. The results of the
multivariate linear regression analysis are presented in
Table 3. Only the total body BMD values were found to be
positively associated to some variables.

Total body BMD values were positively associated to
the duration and the route of oestrogen administration
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Table 1 Baseline anthropometric, clinical and hormonal status of CAIS patients at the time of their first visit in our centre and
control women. Values are expressed as mean + S.D. unless otherwise noted.

CAIS (n=32) Controls (n=32)
Age (years) 345+104 345+10.4
Body weight (kg) 623+11.2 61.9+8.7
Height (cm) 168.4+6.6 165.8 +6.2
BMI (kg/m?) 21.3+5.3 23.3+3.7
Age at gonadectomy (years) 123+79 n.a.
Time from gonadectomy to HT start (years) 44+57 n.a.
Age at HT start (years) 17.5+5.7 n.a.
HT duration (years) 174+11.6 n.a.
Smokers n (%) 4 (12.5%) 15 (46.9%)*
E2 (pg/mL) 29.2+40.6 120.8 +79.9*
FSH (mUI/mL) 56.2+429 5.6 +3.8*
LH (mUI/mL) 30.1+19.3 8.6 +5.8*
Testosterone (ng/mL) 0.20+0.13 0.55+0.23
Progesterone (ng/mL) 0.52+0.28 n.a.

*P <.05.

BMI, body mass index; E2, estradiol; FSH, follicle-stimulating hormone; HT, hormonal therapy; LH, luteinising hormone.

and to serum estradiol levels. Transdermal administration
of estrogens was associated with better total body BMD in
comparison to oral administration.

Bone parameters in CAIS women during follow-up of
oestrogen therapy

We were able to analyse 18 patients who presented at least
three DXA scans during 6 years of follow-up (Table 4).
Evaluations were grouped as follows: at first visit (T0), at
years 1-3 (T1) and years 4-6 (T3). All patients reported
continuous and correct use of their prescribed hormonal
therapy. Eight patients were using transdermal estradiol
2mg (Sandrena transdermal gel) and ten oral estradiol
valerate 2mg (Progynova oral pills). During follow-up
lumbar BMD showed a significant increase (P=0.0016),
while femoral and total body BMD did not show any

significant change (P=0.917 and P=0.286) (Table 4).
BMI and body composition did not show any significant
change. Monitored bone turnover markers (OC, BAP,
PTH did not show any significant change during the
observation period. Vitamin D showed a significant
increase during follow-up as patients diagnosed with
hypovitaminosis D were supplemented as per current
clinical practice. No osteoporotic fractures were detected
in CAIS women during follow-up.

Anthropometric parameters

BMI at baseline was within the normal range and fat mass
percentage was similar between the CAIS and control
groups (Table 1). BMI and body composition did not show
any significant change during follow-up (Table 4).

Table2 Comparison of DXA parameters between CAIS patients and age-matched women. Values are expressed as mean =+ s.p.

unless otherwise noted.

CAIS (n=32) Controls (n=32) Difference between means 95% CI P value
Lumbar BMD (g/cmz) 0.94+0.13 1.10+0.14 —0.1869 + 0.03502 —-0.2570to -0.1168 <0.0001
Lumbar Z score —-1.60+0.92 —0.66 +0.96 —0.9337 £ 0.2634 —1.460 to —0.4069 0.0008
Lumbar T score -1.95+0.94 -0.86+0.98 —1.059 +0.3251 -1.712 to —0.4055 0.002
Femoral BMD (g/cmz) 0.88+0.14 1.01+0.11 —0.1653 +0.03074 —0.2268 t0 0.1038 <0.0001
Femoral Z score -1.17+1.00 -0.01+0.67 —1.229+0.2362 —1.705 to —0.7536 <0.0001
Femoral T score -1.30+1.20 —-0.003+0.78 -1.369+0.2779 -1.929 to —0.8097 <0.0001
TB BMD (g/cmz) 1.01+0.13 1.15+0.09 —0.1541 £ 0.02994 -0.2142 t0 —-0.09411 <0.0001
TB Z score -0.69+1.19 0.91+0.74 1.600 + 0.2477 1.105 to 2.095 <0.0001
TB T score -0.84+1.39 0.79+0.93 1.639 +0.2956 1.039to 2.221 <0.0001
Fat mass (%) 35.79 +6.61 35.3+6.68 —0.5000 + 1.664 -3.826 t0 2.826 Ns (0.76)

Performed test: data were normally distributed and parametric Student's t-test was used to assess differences between the two groups.

BMI, body mass index; BMD, bone mineral density; TB, total body.
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Table 3 Linear regression analysis to identify factors associated to lumbar femoral and total body BMD at the time of the

first visit.

Dependent variable Variables B coefficient 95% CI P value

Lumbar BMD
Age 0.005 —0.015 to 0.026 0.366
BMI 0.004 —0.081 to 0.089 0.844
Fat mass 0.003 —0.056 to 0.06 0.846
Age at gonadectomy —-0.001 —0.023 to 0.021 0.910
Duration of therapy 0.007 —-0.012 to0 0.027 0.269
Type of therapy (transdermal or oral) 0.201 —0.361t0 0.763 0.264
FSH 0.001 —0.007 to 0.010 0.461
LH —0.005 —-0.026 t0 0.016 0.427
Estradiol —0.0003 —0.012t0 0.011 0.910

Femoral BMD
Age —0.006 —0.030t0 0.018 0.381
BMI 0.033 —0.067 to0 0.134 0.289
Fat mass -0.016 —0.085 to 0.054 0.433
Age at gonadectomy —-0.003 —0.030 to 0.023 0.617
Duration of therapy 0.005 —-0.018 t0 0.029 0.422
Type of therapy (transdermal or oral) -0.090 —-0.756 to 0.575 0.618
FSH —0.001 —0.012 to 0.009 0.621
LH —0.001 —0.025 to 0.024 0.937
Estradiol —0.001 —0.014t0 0.013 0.900

Total body BMD
Age 0.245 0.082t0 0.132 0.429
BMI 0.004 —0.004 to 0.012 0.146
Fat mass —-0.004 —0.009 to 0.002 0.099
Age at gonadectomy -0.023 —0.137 to —0.091 0.474
Duration of therapy 0.007 0.004 to 0.008 0.004
Type of therapy (transdermal or oral) -0.062 -0.115 to -0.009 0.037
FSH —0.001 —0.001 to 0.0002 0.098
LH —0.0003 —0.002 to 0.002 0.568
Estradiol 0.004 0.003 to 0.005 0.004

Performed test: multiple linear regression with Bonferroni correction.

BMD, bone mineral density; BMI, body mass index; FSH, follicle-stimulating hormone LH, luteinising hormone.

Metabolic parameters

Metabolic parameter changes are shown in Table 4. Total
cholesterol, HDL and LDL cholesterol did not show signifi-
cant variations throughout the study period. Triglycerides
did not significantly change. Fasting insulin concentrations
showed a progressive but not significant decrease from base-
line (P=0.07), while fasting glucose remained stable within
the normal range. The HOMA index showed a slight but not
significant decrease during observation.

Discussion

In this study we evaluated bone, body composition,
anthropometric and metabolic parameters in women living
with CAIS compared to age-matched female controls and
after a maximum of 6 years of hormone intake compared
to baseline. At baseline lumbar, femoral and total body
BMD were lower in CAIS compared to the control group
and also compared to normal values in young healthy

female adults (T score) and in healthy female subjects of the
same age (Z score). All 32 enrolled patients presented some
impairment of bone health with osteopenia or osteoporosis,
with major reductions of BMD at the lumbar level. The
intake of hormone replacement therapy had improved
BMD at lumbar spine and avoided further BMD decreases at
femoral level where it was not sufficient to significantly
increase bone mineral density after a maximum of 6 years
of therapy. No significant changes of anthropometric,
metabolic or biochemical were detected
throughout the 6 years of follow-up.

CAIS is a known risk factor for bone health. Numerous
studies have shown reduced BMD in these patients compared
to the normal ranges for both women and men (13). Low
BMD has been reported both before and after gonadectomy
probably due to the combination of oestrogen deficiency
and bone resistance to androgen action (9, 14). After
gonadectomy, hormone replacement is mandatory to avoid
bone loss, but reduced BMD has also been demonstrated
in patients reporting good compliance with the therapy

parameters
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Table 4 Anthropometric, bone and metabolic parameters in CAIS using estrogens during follow-up. Values are expressed as

mean =+ s.p. unless otherwise noted.

TO (n=18) T1(yr 1-3)(n=18) T2 (yr 4-6) (n=18) DF MS F P value
Body weight 60.7 +9.0 62.6+12.2 62.6+11.9 2 22.01 2.593 0.115
BMI (kg/m?) 21.8+3.4 22.4+43 224 +4.1 2 2.561 2.555 0.117
Lumbar BMD (g/cm?) 0.95+0.09 0.97 +0.09 0.99 +0.08 2 0.009 5.367 0.016
Femoral BMD (g/cm?) 0.85+0.16 0.85+0.12 0.86+0.11 2 0.0001 0.035 0.917
TB BMD (g/cm?) 1.03+0.14 1.04+0.12 1.05+0.10 2 0.003 1.263 0.286
Lean mass (kg) 37.4+3.7 39.1+5.1 40.7 £ 4.1 2 3.522 1.378 0.274
Fat mass (kg) 21.6+5.2 233+75 23.1+6.9 2 0.314 0.068 0.905
Osteocalcin (ng/mL) 29.4+24.0 23.8+14.2 20.8 +9.6 2 137.9 1.096 0.336
PTH (pg/mL) 42,2 +19.1 43.8 +26.3 41.8+21.3 2 24.64 0.162 0.796
Vit D (ng/mL) 18.6+6.4 28.0+16.2 37.8+12.9 2 590.4 9.485 0.008
PBA (mcg/L) 19.2+10.8 13.4+4.7 13.6+4.9 2 74.8 2.843 0.157
Glycaemia (mg/dL) 84.1+5.5 84.1+7.3 85.4+12.1 2 2.795 0.059 0.886
Insulin (microUl/mL) 9.6+5.2 8.1+3.8 48+1.4 2 32.93 3.539 0.070
HOMA-IR 23+1.7 1.6+0.8 1.6+0.8 2 2.859 2.549 0.134
Tot Chol (mg/dL) 186.4+21.9 186.3+23.4 180.6 +21.2 2 136.1 0.902 0.389
HDL (mg/dL) 76.9+20.2 77.8+17.9 75.1+15.8 2 28.67 0.359 0.661
LDL (mg/dL) 97.2+25.7 99.4 +27.7 102.9 +34.6 2 481.6 1.368 0.267
TG (mg/dL) 83.0+27.1 78.2+28.8 78.5+23.5 2 157.8 0.347 0.682

Performed test: one-way repeated-measures ANOVA.

BMD, bone mineral density; BMI, body mass index; HDL, high-density lipoproteins cholesterol; HOMA-IR, Fasting Insulin Resistance Index; LDL, low-
density lipoproteins cholesterol; PBA, bone alkaline phosphatase; PTH, parathyroid hormone; TB, total body; Tot Chol, total cholesterol; TG, triglycerides;

Vit. D, 25-hydroxyvitamin.

(7,9, 13). The mechanisms regulating BMD in CAIS have not
yet been completely identified and the absence of androgen
function on the bone may be a relevant contributor to
BMD impairment, particularly in the lumbar region. In all
previous studies, the most important deficit of bone mineral
density is recorded at the level of the lumbar spine, where
the trabecular bone is prevalent (7, 9, 15). The trabecular
bone is a known major target of androgens, as already
demonstrated in the murine model (16), while estrogens
offer more protection to the cortical bone. As further proof
that androgenic activity is fundamental for bone trophism,
Marcus et al. (2000) evaluated 28 patients including 22 CAIS
and 6 partial AIS (PAIS) (11). Blood estrogen levels were
similar in the two groups of patients; however, BMD was
reduced in the CAIS group, whereas in the PAIS group it was
normal, suggesting that even partial androgenic action may
protect bone mass (11).

Studies of CAIS are scant, mostly retrospective and
with a short follow-up during hormonal treatment (6,
7, 8, 9, 10, 11). Our study is the first to analyse bone
parameters prospectively in gonadectomised CAIS using
appropriate HT for a maximum of 6 years. In our study
lumbar BMD showed a significant increase. BMD remained
stable at femoral site and in the total body evaluation in
most of our CAIS patients during the 6 years of follow-up;
however, it did not increase or reach the normal range in
spite of the good compliance to HT.

In our cohort, the multivariate linear regression
analysis showed that total body BMD values were
positively associated to the duration and route of
hormonal treatment and to plasmatic estradiol levels.

In our cohort, total body BMD values at baseline
were significantly higher in patients using transdermal
estradiol when compared to oral estradiol users. These
results are consistent with previous studies in women
with premature ovarian insufficiency (17, 18, 19). The
mechanism of this effect may be explained by the different
effect on IGF-I secretion, a bone-trophic hormone which
is downregulated by oral administration only (20).

Serum testosterone and progesterone levels were not
related to BMD in our study. Progesterone values were within
the male range. Progesterone may play a role in bone health
increasing mature osteoblast and production of collagen
bone matrix both in men and women (21, 22). Previous
studies in different populations showed that progesterone
plus oestrogens therapy was associated with greater lumbar
BMD when compared to oestrogen therapy alone (23, 24).
Whether CAIS patients could benefit by the addition of a
progestin to the estrogen remains unexplored.

FSH values were negatively associated with total
body BMD even if the association was not statistically
significant. However, it should be considered that in the
animal model a shorter FSH-receptor isoform was found
to be able to increase osteoclast formation, function and
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survival and FSH was associated to TNF alpha production
by bone marrow (25, 26, 27). A polyclonal antibody
against a short, receptor-binding epitope of FSHf was
found to rescue bone loss post-ovariectomy in mice (28).

Consistent with previous reports (29), we did not find
any correlation between age at gonadectomy and lumbar
and femoral BMD (6, 8, 15).

Throughout the follow-up period, our patients showed
a slight but not significant decrease in insulin values with
a slight but not significant decrease in insulin resistance.
These results may be explained by the potential effect
of estrogens on glucose metabolism (30) but also by the
slight increase in lean mass.

Some limitations of this study should be
acknowledged. This condition is quite rare and this
may have led to a statistical type II error, leading to our
inability to detect further subtle changes. Moreover,
considering the number of subjects, the interpretation
of some statistically significant associations should be
made with caution. Although the cohort group attended
a single centre, the group was heterogeneous. In our
study we analysed not only lumbar spine and femoral
BMD but also total body BMD. Although the role of total
body T score in fracture prediction is still debated, the
concordance between lumbar and hip T score and those
of total body was variable (31, 32, 33). The number of
smokers was different between the CAIS and control
groups (higher in control group) and may represent a
limit of this comparison because of the potential negative
effects of smoking on bone health. Another limitation of
our study was the unavailability of bone mineral apparent
density (BMAD) measurement at DXA which was reported
in two other studies in this population (7, 11). BMAD (g/
cm3) is believed to better reflect bone density and avoid
errors due to bone size particularly in tall subjects (34).
However it should be noted that in our cohort CAIS
height was 168.4+6.6cm (range 159-175cm), lower than
in the cohort reported by Marcus et al. (174+7.3 cm). For
this reason we believe that the impact of height can be
considered minimal in our analysis.

In conclusion, this is the first study to present a
prospective follow-up of bone and metabolic parameters
in gonadectomised CAIS patients using estrogens for
a maximum of six years. We confirm previous studies
suggesting that BMD is impaired in gonadectomised
women living with CAIS compared to 46,XX women,
with lumbar spine BMD more affected than that of
the hip. Oestrogen therapy in our patients was able to
significantly increase BMD at the lumbar spine during
a maximum of 6 years of follow-up. Femoral and total
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body BMD were maintained in most subjects but did not
improve nor normalise during follow-up. Plasma estradiol
levels and duration of hormonal treatment were positively
associated to BMD values. Transdermal administration of
estrogens seemed to be associated with better total body
BMD values in comparison to oral administration.

Future studies are needed to respond to the many
questions that remain open on the effects of oestrogen
treatment on the bones of CAIS subjects among which
the evaluation of whether longer treatment may lead to
better BMD in these women, whether higher doses of
estrogens may be more effective or whether the addition
of testosterone or progesterone may further improve BMD.
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