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Abstract
Summary In non-osteoporotic postmenopausal women with
breast cancer, aromatase inhibitors (AIs) negatively affected
bone mineral density (BMD), lumbar spine trabecular bone
score (TBS) as a bone microarchitecture index, and hip geom-
etry as a bone macroarchitecture index.
Introduction AIs increase the risk of fracture in patients with
breast cancer. Therefore, we aimed to evaluate the long-term
skeletal effects of AIs in postmenopausal womenwith primary
breast cancer.
Methods We performed a retrospective longitudinal observa-
tional study in non-osteoporotic patients with breast cancer
who were treated with AIs for ≥3 years (T-score >−2.5).
Patients with previous anti-osteoporosis treatment or those
who were given bisphosphonate during AI treatment were
excluded from the analysis. We serially assessed BMD, lum-
bar spine TBS, and hip geometry using dual-energy X-ray
absorptiometry.

Results BMD significantly decreased from baseline to 5 years
at the lumbar spine (−6.15%), femur neck (−7.12%), and total
hip (−6.35%). Lumbar spine TBS also significantly decreased
from baseline to 5 years (−2.12%); this change remained sig-
nificant after adjusting for lumbar spine BMD. The annual
loss of lumbar spine BMD and TBS slowed after 3 and 1 year
of treatment, respectively, although there was a relatively con-
stant loss of BMD at the femur neck and total hip for up to
4 years. The cross-sectional area, cross-sectional moment of
inertia, minimal neck width, femur strength index, and section
modulus significantly decreased, although the buckling ratio
increased over the treatment period (all P < 0.001); these
changes were independent of total hip BMD.
Conclusions Long-term adjuvant AI treatment negatively in-
fluenced bone quality in addition to BMD in patients with
breast cancer. This study suggests that early monitoring and
management are needed in non-osteoporotic patients with
breast cancer who are starting AIs.
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Introduction

In addition to tamoxifen, aromatase inhibitors (AIs) are a stan-
dard adjuvant endocrine therapy for postmenopausal women
with hormone receptor-positive breast cancer [1, 2]. AIs pre-
vent estrogen synthesis by inhibiting the conversion of andro-
gens to estrogens, which results in a marked depletion in cir-
culating estrogen levels [3]. Although AI treatment has clear
benefits for patients with breast cancer by increasing their
disease-free survival and decreasing their risk of recurrence
[4], AIs also adversely affect bone health [5–8]. AIs accelerate
bone turnover and result in decreased bone mineral density
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(BMD) in patients with breast cancer than healthy postmeno-
pausal women [9–11]. Furthermore, postmenopausal women
with breast cancer who receive AIs have a twofold higher risk
of fracture than healthy postmenopausal women do [5, 12].
Thus, it is recommended that patients with breast cancer who
are initiating or already receiving AIs undergo skeletal moni-
toring via dual energy X-ray absorptiometry (DXA) or spine
radiography [13]. In addition, anti-resorptive drugs are highly
recommended for patients with a T-score of <−2.0 who are
initiating or receiving AIs [14]. However, there are few studies
regarding the effect of AIs on bone microarchitecture or
macroarchitecture, which are also major determinants of bone
strength in non-osteoporotic patients with breast cancer treat-
ed by AIs.

Trabecular bone score (TBS) is a novel texture pa-
rameter that evaluates bone microarchitecture based on
lumbar spine DXA images by measuring the pixel gray-
level variations [15]. Recent studies have reported that
TBS values predicted osteoporotic fractures indepen-
dently of BMD [16–18]. The effect of AIs on lumbar
spine TBS has also been examined in two previous
studies [19, 20], which both reported significantly de-
creased TBS after 2 years of treatment using AIs.
However, those studies were limited by a small sample
size and short follow-up period.

H ip geome t r y c an be a s s e s s ed a s a bone
macroarchitecture measure using software programs
based on DXA images, such as the hip structure analy-
sis using the Hologic system and advanced hip assess-
ment (AHA) via the GE Lunar system. Among hip ge-
ometry parameters, hip axis length is only found to
predict hip fractures independently of BMD in postmen-
opausal women. Although other parameters, including
the cross-sectional area (CSA), section modulus (SM),
buckling ratio (BR), and cross-sectional moment of in-
ertia (CSMI), are associated with the prediction of hip
fracture; these are not recommended for assessing hip
fracture risk because there is insufficient evidence that
this effect is independent of BMD [21]. However, hip
geometry has rarely been investigated in patients with
breast cancer who are receiving AIs; two small studies
reported that AIs had a negative effect on hip geometry
over a 2-year period [22, 23].

To the best of our knowledge, no previous studies have
simultaneously investigated the longitudinal changes in
BMD, TBS, and hip geometry in non-osteoporotic patients
with breast cancer receiving AI treatment. Furthermore,
changes in TBS and bone geometry have not been assessed
for longer than 2 years of treatment using AIs. Therefore, we
aimed to investigate the simultaneous longitudinal changes in
BMD, TBS, and hip geometry over a 5-year period in non-
osteoporotic postmenopausal women with breast cancer who
were initiating or receiving AIs.

Materials and methods

Patient population

This retrospective, longitudinal, observational study included
postmenopausal women with stage I–IIIA estrogen receptor-
and/or progesterone receptor-positive primary breast cancer
who were treated with up-front AIs for ≥3 years at the Seoul
National University Hospital between January 2006 and
December 2013. Eligible patients were required to have un-
dergone complete surgical resection and/or chemotherapy
and/or radiotherapy without any evidence of residual disease.
All patients had a baseline T-score of >−2.5, an Eastern
Cooperative Oncology Group performance status of ≤2, and
had undergone at least one DXA follow-up after >3 years of
AI treatment. The exclusion criteria were clinical or radiolog-
ical evidence of progressive disease during AI treatment, con-
current malignancies or a history of other malignancies, renal
dysfunction, previous hormonal adjuvant therapy for breast
cancer (e.g., tamoxifen, raloxifene, toremifene, and goserelin),
diseases that required drugs that affect bone metabolism (in-
cluding thyroid disease), previous or concurrent anti-
osteoporosis treatment (e.g., estrogen replacement therapy,
bisphosphonate), and initiating bisphosphonate therapy while
being treated by AIs. Twenty-two patients with osteopenia
started to receive bisphosphonate at the time of initiation of
AI therapy, and 19 and 12 patients started bisphosphonate
therapy after 1 and 2 years of AI treatment, respectively. The
study flow chart is shown in Fig. 1.

The study was approved by the institutional review board
of Seoul National University Hospital (No. H-1601-057-734)
and was conducted in accordance with the Declaration of
Helsinki. Informed consent from the study participants was
waived due to the study’s retrospective nature.

Anthropometric measurements

We measured height and body weight while the patient was
not wearing shoes using standard methods at the same time
that we performed DXA. Body mass index (BMI) was calcu-
lated as weight (kg) divided by height (m) squared.

Measurements of bone mineral density and trabecular
bone score

The lumbar spine, femur neck, and total hip areal BMD values
were assessed using DXA (GE Lunar Prodigy, GEHealthcare,
Madison, WI, USA) and analyzed using Encore Software
(version 14.10.022), according to the manufacturer’s recom-
mendations. All patients were scanned using the same DXA
machine during the study period. Given the patients’ annual
visit schedule to the outpatient clinic, we regarded the
3 months before and after 1 year of treatment as an acceptable
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window for the follow-up BMD assessments. Lumbar spine
BMD was evaluated at the L1–4 level after excluding any
deformed or fractured vertebrae. Lumbar spine TBS was ana-
lyzed with TBS iNsight software (version 2.1.1.0, Med-
Imaps, Pessac, France) using the anteroposterior spine DXA
files for the same spine levels as used for the BMD measure-
ment. To obtain constant BMD and TBS values over repeated
measurements of the same patient, meticulous quality control
was performed in our institution. The DXA device was cali-
brated by scanning 10 BMD measurements on the same in-
strument with a single anthropomorphic phantom.
Additionally, a TBS calibration process was performed by
scanning 10 TBS measurements using a specific TBS phan-
tom. The precision for BMD was 0.26% with a mean BMD
value of 1.263, and the precision for TBS was 0.14% with a
mean TBS value of 1.462. Details regarding the precision of
BMD and TBS assessed with the same instrument used in this
study have been previously published [24].

Measurement of hip geometry

The Lunar AHAprogram incorporated into the DXAwas used
to evaluate hip geometry parameters as follows: CSA (cross-
sectional bone surface area), CSMI (the ability of the bone to
resist bending at the compressive surface), femur strength in-
dex (FSI; the ability of the bone to resist falling on the greater
trochanter), minimal neck width (minimal NW; width of the

narrowest femur neck), BR (the ability of the bone to resist
bending at the tensile surface), SM (an indicator of bending
strength), and cortical thickness of the neck (CT). The short-
term precision errors for CSA, CSMI, and SM were 3.74,
9.58, and 6.37%, respectively [21]. The femur neck and total
hip regions of interest were in the right femur neck, and the
femur region of interest was automatically placed in the prox-
imal part of the femur neck. Diagnoses of osteopenia were
determined as −2.5< BMD T-score ≤−1.0 at any skeletal site.

Statistical analysis

Data are presented as mean ± standard deviation, median (in-
terquartile range), or n (%). Continuous variables were ana-
lyzed using the Student t test, and categorical variables were
compared using the chi-square test. We used linear mixed
models with a first-order autoregressive covariance structure
to evaluate the percentage changes from baseline for the
BMD, lumbar spine TBS, and hip geometry parameters dur-
ing the treatment period. The fixed effect was time (baseline,
1, 2, 3, 4, and 5 years), and the study subjects were considered
as random effects. Age and BMI were adjusted as covariates.
The adjusted P value after Bonferroni correction for multiple
testing was evaluated using linear mixed models, and differ-
ences with a P value of <0.05 were considered statistically
significant. All statistical analyses were performed using

Fig. 1 Flow diagram of study subjects. AI aromatase inhibitor, DXA dual-energy X-ray absorptiometry, and TBS trabecular bone score
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SPSS statistics for Windows (Version 21, IBM Corp.,
Armonk, NY, USA).

Results

Baseline characteristics of patients

The baseline clinical and skeletal-related characteristics of
study subjects are shown in Table 1. Of the 321 postmeno-
pausal women with operable breast cancer, the mean age at
initiating AI treatment was 58.8 years and the mean BMI was
25.3 kg/m2. The median duration of follow-up was 4 years.
The majority of patients had experienced natural menopause,
with a median menopause duration of 7 years, and had been
diagnosed with stage I–II breast cancer. Two types of AI were
used as an up-front AI therapy (anastrozole and letrozole),
with anastrozole being more frequently prescribed than
letrozole (83.8 vs. 16.2%). Of the 321 patients, 157 (48.9%)
had osteopenia at baseline.

One hundred twelve patients (34.9%) underwent chemo-
therapy before starting treatment with AIs. Patients with pre-
vious chemotherapy were older and had experienced a longer
duration of menopause (both P < 0.001). Baseline BMD, lum-
bar spine TBS, and hip geometry parameters were comparable
between the patients with and without previous chemotherapy,
except minimal NW, which was lower in patients without
previous chemotherapy (P = 0.018).

Changes in bone parameters in overall patients

Patients who were treated with AIs exhibited significant de-
creases from their baseline BMD at the lumbar spine, femur
neck, and total hip as well as a decrease in their lumbar spine
TBS over the 5 years of treatment (Supplemental Fig. 1). The
overall losses in lumbar spine BMD and TBS after 5 years of
treatment were −6.15 and −2.12%, respectively (both
P < 0.001; Supplemental Fig. 1A–B). The overall change in
lumbar spine TBS remained significant after adjusting for
lumbar spine BMD (P = 0.013). The estimated overall bone
loss was most severe at the femur neck and total hip, with
BMD decreasing by −7.12 and −6.35%, respectively (both
P < 0.001; Supplemental Fig. 1C–D). The annual percentage
changes in BMD and TBS are presented in Table 2. The esti-
mated annual loss of BMD at each skeletal site and the loss of
lumbar spine TBS were the most severe after 1 year of treat-
ment (lumbar spine BMD, −3.17%; femur neck BMD,
−2.40%; total hip BMD, −2.79%; lumbar spine TBS,
−1.13%). However, the estimated annual loss of lumbar spine
BMD and TBS slowed after 3 and 1 year of treatment, respec-
tively, while the estimated annual BMD loss at the femur neck
and total hip slowed after 4 years of treatment.

The longitudinal changes in hip geometry parameters over
time are shown in Fig. 2 and Table 3. Compared with the
baseline values, the linear mixed models revealed that 5 years
of AI treatment was associated with significant reductions in
CSA (−7.84%), CSMI (−8.01%), minimal NW (−1.35%), FSI
(−7.73%), and SM (−5.95%), as well as with an increase in
BR (+5.47%) (all P < 0.001) (Fig. 2a–f). Changes in these
parameters remained significant after adjusting for total hip
BMD, with the exception of FSI (P = 0.205). There was no
significant change in CT over the treatment period (+3.01%,
P = 0.119) (Fig. 2g).

Changes in bone parameters between patients with and
without previous chemotherapy

We compared the longitudinal changes in BMD, TBS, and hip
geometry between patients with and without previous chemo-
therapy using linear-mixed models. Two fixed effects were
included: one within-subject time effect and one between-
subjects group effect. Possible differences in the group during
the treatment period were analyzed according to time × group
interactions after adjusting for age, BMI, duration of meno-
pause, and baseline bone parameter level. There were no sig-
nificant differences in the time-group interaction for BMD at
the lumbar spine, femur neck, or total hip, or for the TBS and
hip geometry parameters (Supplemental Table 1).

Discussion

To our best knowledge, this is the first study to simultaneously
evaluate the long-term (5-year) changes in BMD, lumbar spine
TBS, and hip geometry in postmenopausal women with breast
cancer who were treated with AIs. Our findings revealed sig-
nificant losses in BMD at the lumbar spine, femur neck, and
total hip over the 5-year period. In healthy postmenopausal
women, marked decreases in their estrogen levels result in a
dramatic loss in their lumbar spine BMD during the immediate
postmenopausal period [25]. However, the rate of BMD loss at
the lumbar spine slows during the postmenopausal period,
reflecting the greater effect of estrogen deficiency on trabecular
bone around the time of the menopause [26]. Meanwhile, the
rate of cortical bone loss at the femur neck and total hip BMD
remains stable during the menopausal period [27]. In the pres-
ent study, we observed that AI therapy was associated with
greater bone loss at the lumbar spine during the first 3 years
of treatment, although the rate of bone loss slowed after this
period. On the other hand, significant annual bone loss at the
femur neck and total hip continued for up to 4 years, which was
longer than that for the lumbar spine. Interestingly, prior studies
have reported a similar trend in the changes for lumbar spine or
total hip BMD over 5 years of AI treatment [28, 29]. This
relationship may be explained by the different responses of
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the trabecular and cortical bones to low estrogen status, as
trabecular bone loss occurs more rapidly than cortical bone loss
does immediately after estrogen deprivation, although cortical
bone loss continues throughout the aging process [30].

Previous observational studies reported that the annual rates
of change in the lumbar spine and total hip BMD were 1.8–
2.3 and 1.0–1.4% in early postmenopausal women (<10 years
since menopause) who did not receive AI therapy, which

Table 1 Baseline characteristics
of study subjects Total

(n = 321)
No chemotherapy
(n = 209)

Previous chemotherapy
(n = 112)

P value

Age (years) 58.8 ± 6.7 59.7 ± 7.1 56.9 ± 5.6 <0.001

Weight (kg) 61.6 ± 9.0 60.7 ± 8.9 63.3 ± 9.1 0.012

Body mass index (kg/m2) 25.3 ± 3.6 25.0 ± 3.5 25.8 ± 3.8 0.057

Duration of menopause
(years)

7.0 (3.0, 14.0) 9.0 (4.0, 15.0) 5.0 (2.0, 10.0) <0.001

Cause of menopause, n
(%)

0.001

Natural 298 (92.8) 198 (94.7) 100 (89.3)

Chemotherapy-induced 7 (2.2) 0 (0.0) 7 (6.3)

Hysterectomy 16 (5.0) 11 (5.3) 5 (4.5)

Initial stage, n (%) <0.001

Stage I 169 (52.6) 153 (73.2) 16 (14.3)

Stage II 136 (42.4) 54 (25.8) 82 (73.2)

Stage IIIA 16 (5.0) 2 (1.0) 14 (12.5)

Type of AI, n (%) <0.001

Anastrozole 269 (83.8) 159 (76.1) 110 (98.2)

Letrozole 52 (16.2) 50 (23.9) 2 (1.8)

Extent of surgery, n (%) 0.039

Modified radical
mastectomy

108 (33.6) 62 (29.7) 46 (41.1)

Breast-conserving surgery 213 (66.4) 147 (70.3) 66 (58.9)

ER positive, n (%) 316 (98.4) 208 (99.5) 108 (96.4) 0.033

PR positive, n (%) 225 (70.1) 149 (71.3) 76 (67.9) 0.522

Calcium/VitD
supplement, n (%)

208 (64.8) 141 (67.5) 67 (59.8) 0.172

Bone mineral density

Lumbar spine 1.059 ± 0.147 1.055 ± 0.151 1.066 ± 0.139 0.542

Lumbar spine T-score −0.49 ± 1.18 −0.52 ± 1.22 −0.43 ± 1.10 0.507

Femur neck 0.874 ± 0.111 0.871 ± 0.110 0.879 ± 0.112 0.518

Femur neck T-score −0.22 ± 0.93 −0.25 ± 0.93 −0.17 ± 0.93 0.462

Total hip 0.933 ± 0.110 0.929 ± 0.110 0.941 ± 0.110 0.331

Total hip T-score −0.01 ± 0.92 −0.05 ± 0.92 0.07 ± 0.92 0.299

Lumbar spine TBS 1.323 ± 0.097 1.321 ± 0.098 1.327 ± 0.095 0.572

Hip geometry parameter

CSA (mm2) 128.0 ± 17.1 127.1 ± 17.4 129.6 ± 16.6 0.218

CSMI (mm4) 8360 ± 1760 8232 ± 1772 8601 ± 1721 0.073

Minimal NW (mm) 28.94 ± 2.09 28.74 ± 2.08 29.32 ± 2.07 0.018

FSI 1.59 ± 0.35 1.60 ± 0.35 1.57 ± 0.37 0.494

BR 3.7 ± 1.2 3.7 ± 1.3 3.7 ± 1.2 0.582

SM (mm3) 506 ± 91 500 ± 90 517 ± 92 0.127

CT (mm) 4.9 ± 1.6 4.9 ± 1.6 5.0 ± 1.8 0.321

Data are expressed as mean ± SD or median (interquartile range) or n (%)

AI aromatase inhibitor, ER estrogen receptor, PR progesterone receptor, VitD vitamin D, TBS trabecular bone
score, CSA cross-sectional area, CSMI cross-sectional moment of inertia,Minimal NW, minimal neck width, FSI
femur strength index, BR buckling ratio, SM section modulus, CT cortical thickness of neck
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thereafter decreased to 0.5–1.0% [30, 31]. Given the rates of
bone loss in the lumbar spine (−3.2%) and hip BMD (−2.8%)
after 1 year treatment with AI in the present study, AI seemed to
exert an effect on bone loss that was approximately 2–3 times
greater than that caused by aging itself.

We also observed that lumbar spine TBS significantly de-
creased during the treatment period and that this decrease was
independent of the lumbar spine BMD. Indeed, the AI-
induced decrease in TBSwas smaller than that in lumbar spine
BMD (−2.12 vs. −6.15%) after 5 years, which is in agreement
with previous findings regarding short-term AI treatment [19,
20]. Those studies reported decreases in TBS of 2.3% after
2 years of exemestane treatment and of 2.1% after 2 years of
non-steroidal AI or exemestane treatment, while lumbar spine
BMD decreased by 5.3 and 5.9%, respectively. Furthermore,
one of those studies reported that the annual rate of decrease in
TBS was greatest at the first year (−1.7%) and subsequently
slowed after the first year [19]. This finding is in line with our
results, which indicated that the lumbar spine TBS significant-
ly decreased after the first year of AI treatment, and then
reached a sustained plateau. This course might be connected
to the finite modifications that are possible in the trabecular
bone microarchitecture [32]. For example, the marked AI-
induced estrogen deprivation might preclude the generation
of new trabeculae during the AI treatment, which would be
reflected by a dramatic decrease in TBS during the early treat-
ment period. On the other hand, trabecular thickness might
increase over time, although trabecular thickening only has a
small effect on TBS parameters, and TBSmay stabilize during
the late treatment period [33].

Our results indicate that AI-induced estrogen deficiency
also negatively influenced bone geometry. Among the AHA-

derived hip geometry parameters, femur geometry (CSA and
minimal NW) and bone strength parameters (CSMI, FSI, and
SM) significantly decreased, while BR, which reflects the
ability of the bone to resist bending forces at the tensile sur-
face, significantly increased over 5 years. These results seem
to be attributed to the accelerated endocortical resorption and
decelerated periosteal apposition that is induced by severe
estrogen deficiency during the early treatment period. As in
healthy postmenopausal women, the acceleration of
endocortical bone resorption and insufficient compensation
via periosteal apposition could result in cortical thinning and
a reduction in bending strength in patients with breast cancer
[34]. Although we observed a dramatic first-year change in
BR, which was calculated using the CT value, we did not
observe a corresponding change in CT. Furthermore, it is un-
clear why BR rapidly increased during the first year, but that
this rate of change was not maintained to the fifth year. Similar
to our findings, two previous studies have reported decreases
in bone strength parameters (e.g., CSA, CSMI, and SM) after
2 years of treatment using AIs, although their data regarding
BR and CT at the femur neck were inconsistent with ours [22,
23]. These findings appear to indicate that adjuvant AI therapy
has both short-term and long-term effects on cortical deterio-
ration during the treatment period.

Table 2 Annual rates of percentage change in BMD and lumbar spine TBS from baseline to 5 years

Baseline to year 5 Baseline to year 1 Year 1 to year 2 Year 2 to year 3 Year 3 to year 4 Year 4 to year 5

Lumbar spine BMD

Estimated meana −6.15* −3.17*† −1.39*† −0.99*† −0.37* −0.25*
Two-sided 95% CI −6.888 to −5.408 −4.083 to −2.261 −2.352 to −0.419 −1.926 to −0.053 −1.329 to +0.584 −1.437 to +0.932

Femur neck BMD

Estimated meana −7.12* −2.40*† −1.38*† −1.59*† −1.16*† −0.61*
Two-sided 95% CI −7.976 to −6.261 −3.487 to −1.304 −2.542 to −0.227 −2.708 to −0.469 −2.300 to −0.015 −2.024 to +0.804

Total hip BMD

Estimated meana −6.35* −2.79*† −1.54*† −0.85*† −0.76*† −0.43*
Two-sided 95% CI −6.865 to −5.844 −3.397 to −2.173 −2.189 to −0.891 −1.482 to −0.226 −1.397 to −0.114 −1.222 to +0.367

Lumbar spine TBS

Estimated meana −2.12* −1.13*† −0.63* −0.54* −0.01* 0.19*

Two-sided 95% CI −2.911 to −1.327 −2.121 to −0.148 −1.679 to +0.414 −1.552 to +0.476 −1.049 to +1.021 −1.090 to +1.473

BMD bone mineral density, TBS trabecular bone score, CI confidence interval

*P value <0.05 from the baseline, †P value <0.05 between time difference after Bonferroni correction
a Data are analyzed by linear-mixed models adjusting for age and body mass index

�Fig. 2 Mean percentage changes (± SEM) in hip geometry over time for
a cross-sectional area (CSA), b cross-sectional moment of inertia
(CSMI), C minimal neck width (minimal NW), d femur strength index
(FSI), e buckling ratio (BR), f section modulus (SM), and g cortical
thickness (CT) of neck after adjusting for age and body mass index.
*P < 0.05, from the baseline; †P < 0.05, between time difference after
Bonferroni correction
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The present study has several important strengths. First, we
performed a large retrospective cohort study of patients with
curatively resected breast cancer from a single tertiary referral
center, and we only included patients without osteoporosis
who were not receiving any medical intervention for osteopo-
rosis before or during the AI treatment. This design reduces
the heterogeneity of the study sample, which may increase the
reliability of our findings. Second, we simultaneously
assessed overall and percent changes in BMD, TBS, and hip
geometry over a 5-year period of treatment using AIs. As
expected, we observed decreases in the lumbar spine, femur
neck, and total hip BMD. More interestingly, we also ob-
served that the alterations in bone microarchitecture presented
as TBS and hip geometry were independent of the site-specific
BMD changes during the treatment period.

This study also includes several limitations that warrant
consideration. First, we only included patients with breast
cancer who were treated by AIs, which precludes any com-
parisons to patients with breast cancer who did not receive AIs
or to healthy postmenopausal women without breast cancer.
Second, we excluded patients who started bisphosphonate
therapy during the AI treatment period, which might have
resulted in an underestimation of the magnitude of changes
in BMD, lumbar spine TBS, and hip geometry, as we might
have excluded some patients who experienced dramatic de-
creases in BMD. There have been several prospective studies
that showed protective effects of bisphosphonate for long-
term use of AI-induced bone loss [29, 35]. Because of issues
related to health insurance coverage, bisphosphonate therapy
is not widely used in clinical practice among non-osteoporotic
patients with breast cancer receiving AIs in our country.
Hence, we could not directly evaluate effects of bisphospho-
nate on BMD as well as TBS and hip geometry in the present
study. Third, we did not evaluate bone turnover markers (i.e.,
bone-specific alkaline phosphatase and c-terminal
telopeptide), 25-hydroxy vitamin D, or the daily intake of
calcium and vitamin D. Given the high prevalence of vitamin
D deficiency in patients with breast cancer, especially in re-
ceiving AI therapy [36], vitamin D deficiencymay affect bone

in those patients. Furthermore, fracture events and several
clinical risk factors for osteoporosis and fracture (e.g., a his-
tory of fragility fractures, family history of hip fractures, rheu-
matoid arthritis, smoking, or alcohol drinking) were not
assessed in the study due to its retrospective design.
Additionally, we did not include cortical or trabecular BMD
in our analyses, due to the absence of the related quantitative
computed tomography data. Thus, further well-controlled pro-
spective studies are needed to validate our findings.

The current guideline regarding AI-induced bone loss rec-
ommends bisphosphonate in patients with a T-score <−2.0 or
with any two of the clinical risk factors [14]. The present study
demonstrated that even non-osteoporotic patients experienced
BMD loss at all sites. Particularly, TBS and hip geometry also
decreased independently of BMD. In patients with breast can-
cer receiving AI therapy, TBS or hip geometry is not recom-
mended for assessing fracture risk. However, in postmeno-
pausal women, TBS was found to be associated with fragility
fractures independently of BMD or the FRAX tool [37]. There
have been insufficient data supporting the usefulness of hip
geometry parameters (e.g., CSA, CSMI, SM, and BR) except
the hip axis length to predict fracture risk in postmenopausal
women [21]. Although we did not prove the additional role of
TBS or hip geometry for evaluating fracture risk, the change
in TBS and hip geometry independent of BMD in non-
osteoporotic patients might capture the different bone proper-
ties and improve fracture risk assessment.

In conclusion, we performed a concomitant skeletal assess-
ment of BMD, TBS, and hip geometry in non-osteoporotic
postmenopausal women with breast cancer over a 5-year pe-
riod of AI treatment. Our results indicate that adjuvant AI
therapy negatively affected BMD, bone microarchitecture
(lumbar spine TBS), and macroarchitecture (hip geometry)
during the treatment period. These findings may improve
our understanding of the deterioration in bone quality during
long-term AI treatment, and may also explain the increased
risk of fracture independently of BMD, even in non-
osteoporotic postmenopausal women with breast cancer.
Given the magnitude of the AI-associated skeletal

Table 3 Percentage change in
hip geometry from baseline to
5 years

Hip geometry parameters Estimated meana Two-sided 95% CI P value

CSA −7.84 −8.701 to −6.972 <0.001

CSMI −8.01 −9.965 to −6.064 <0.001

Minimal NW −1.35 −1.995 to −0.714 <0.001

FSI −7.73 −10.109 to −5.353 <0.001

BR +5.47 −1.262 to +12.198 <0.001

SM −5.95 −7.618 to −4.281 <0.001

CT +3.01 −2.752 to +8.775 0.119

CI confidence interval, CSA cross-sectional area, CSMI cross-sectional moment of inertia,Minimal NW minimal
neck width, FSI femur strength index, BR buckling ratio, SM section modulus, CT cortical thickness
a Data are analyzed by linear-mixed models adjusting for age and body mass index
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deterioration that we observed, early intervention or preven-
tive strategies may facilitate bone protection in patients who
are initiating or receiving AI treatment.
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