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Objective: To investigate the effects of different endocrine therapies (tamoxifen,

aromatase inhibitors, selective estrogen receptor modulators) on bone mineral

density (BMD) and fracture risk in postmenopausal breast cancer patients.

Methods: A systematic search was conducted in PubMed, Medline, Web of

Science, Cochrane Library, and EMBASE databases to identify randomized

controlled trials (RCTs). The quality of RCTs was assessed using the Cochrane

Risk of Bias Tool, Meta-analysis was performed using RevMan 5.3 software, with

primary outcome measures including changes in BMD and fracture risk.

Results: A total of five studies involving 20,531 patients were included. Meta-

analysis results showed: Osteoporosis incidence: Pooled analysis of two studies

yielded pooled odds ratio OR of 0.35 (95% CI: 0.04, 3.00), indicating a slight but

non-significant advantage in reducing fracture risk in the experimental group

compared to the control group (Z = 0.96, P = 0.34). This finding is based on

only two studies, so there is uncertainty associated with it. Heterogeneity was

low (I2 = 97%). fracture risk: The pooled OR from four studies was 1.40 (95% CI:

1.25, 1.57), demonstrating a statistically significant increase in fracture risk in the

experimental group (Z = 5.92, P < 0.001) with low heterogeneity (I2 = 29%).

Conclusion: The conclusions of this analysis were constrained by the limited

number of available studies. Different endocrine therapies might exert varying

effects on bone health. Aromatase inhibitors significantly reduce BMD and

increase fracture risk, whereas selective estrogen receptor modulators might

have a protective effect on bone. These relationships need confirmation in

larger studies. Clinicians should consider bone health among other factors when

selecting endocrine therapy.
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Introduction 

Breast cancer remains one of the most prevalent malignancies 
among women, and endocrine therapy plays a pivotal role in 
the management of postmenopausal breast cancer patient (1, 2). 
With the prolonged survival of breast cancer patients, increasing 
attention has been directed toward bone health-related issues 
associated with endocrine therapy (3). Postmenopausal women 
inherently experience accelerated bone loss due to declining 
estrogen levels, and endocrine therapy may exacerbate this process, 
leading to reduced bone mineral density (BMD) and an elevated 
risk of fractures, which significantly impairs patient’s quality 
of life (4). 

Currently, the primary endocrine treatment options for 
postmenopausal breast cancer include tamoxifen, aromatase 
inhibitors (AIs), and selective estrogen receptor modulators 
(SERMs). These agents exhibit distinct mechanisms of action 
on estrogen and may dierentially influence bone metabolism. 
Tamoxifen, a selective estrogen receptor antagonist, exhibits anti-
estrogenic eects in breast tissue while demonstrating partial 
estrogen agonist activity in bone and other tissues (5). AIs 
suppress estrogen synthesis by inhibiting aromatase activity, 
thereby inhibiting breast cancer cell growth; however, they may 
further reduce systemic estrogen levels, potentially aggravating 
bone loss (6). SERMs, conversely, exhibit tissue-selective estrogenic 
or anti-estrogenic eects depending on the target tissue (7, 8). 

Although numerous studies have investigated the impact 
of various endocrine therapies on BMD and fracture risk in 
postmenopausal breast cancer patients, their findings remain 
inconsistent, and a systematic comprehensive analysis is lacking 
(9, 10). Therefore, this study aims to conduct a systematic review 
and meta-analysis to synthesize existing evidence and compare 
the eects of dierent endocrine therapies on BMD and fracture 
risk in postmenopausal breast cancer patients. The findings 
may provide clinicians with evidence-based insights for selecting 
optimal endocrine regimens, enabling a better balance between 
therapeutic benefits and skeletal health risks, ultimately improving 
patients’ quality of life. 

Materials and methods 

Inclusion and exclusion criteria 

Inclusion criteria 
(1) Randomized controlled trials (RCTs) and prospective cohort 

studies focusing on postmenopausal women diagnosed with 
breast cancer, aged 50 years or older. 

(2) Interventions consisting of endocrine therapy options. 
(3) Control groups involving either a tamoxifen care. 
(4) Primary outcomes of interest include changes in BMD, 

measured by dual-energy X-ray absorptiometry, and 
documented risk of fractures during the follow-up period. 

Exclusion criteria 
(1) Non-randomized studies, including observational studies, 

case-control studies, and retrospective analyses. 

(2) Patients receiving concomitant therapies, such as 
bisphosphonates or other interventions that may 
confound the results. 

(3) Studies lacking key eÿcacy or safety data. 
(4) Investigations involving special populations, including 

patients with severe comorbidities (e.g., cardiac, hepatic, or 
renal dysfunction) or those who are pregnant or lactating. 

(5) Trials with excessively short durations, specifically those 
lasting less than 6 months. 

Search strategy 

Database selection 
The databases selected for this meta-analysis are PubMed, 

Medline, Web of Science, Cochrane Library, and EMBASE. 

Keywords and subject terms 
The primary keywords included “Estrogen Replacement 

Therapy,” “Breast Neoplasms,” “Postmenopause,” “Bone 
Density,” “Aromatase Inhibitors,” “Tamoxifen,” and “Selective 
Estrogen Receptor Modulators.” Boolean operators (AND, 
OR) were employed to refine search strategies. For example: 
(“Estrogen Replacement Therapy” OR “Aromatase Inhibitors” OR 
“Tamoxifen” OR “Selective Estrogen Receptor Modulators”) 
AND (“Breast Neoplasms” OR “Breast Cancer”) AND 
(“Postmenopause” OR “Postmenopausal”) AND (“Bone Density” 
OR “Bone Development”). 

Time frame 
The search encompassed all relevant literature from each 

database’s inception until October 2024. 

Manual search and reference tracking 
In addition to database searches, manual screening of review 

articles and guidelines was conducted, followed by backward 
reference tracing to identify potentially omitted studies. 

Literature screening and quality assessment 
Studies were screened and evaluated based on predefined 

inclusion/exclusion criteria. Two independent reviewers performed 
initial screening to exclude ineligible records, followed by full-
text assessment for eligibility. The Cochrane Risk of Bias Tool 
was used for RCTs, while the ROBINS-I tool assessed non-
randomized studies. 

Statistical analysis 

Meta-analyses were performed using RevMan 5.3. 
Dichotomous outcomes were expressed as odds ratios (ORs), 
and continuous outcomes as mean dierences (MDs), both with 
95% confidence intervals (CIs). A fixed-eects model was applied 
when P > 0.1 and I2 < 50% indicated homogeneity. otherwise, a 
random-eects model was used for heterogeneous data (P < 0.1 
and I2 

≥ 50%), with exploration of heterogeneity sources. Funnel 
plots and sensitivity analyses evaluated publication bias and 
result robustness. 
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Results 

Literature search results 

A total of 34 articles were retrieved from relevant databases, 
including 23 English-language publications and 11 articles in other 
languages. Based on the predefined inclusion and exclusion criteria, 
5 studies were ultimately included, all of which were in English. The 
literature screening process is illustrated in Figure 1. 

Characteristics of included studies 

A total of 5 studies comprising 20,531 patients were ultimately 
included. The baseline characteristics of the included studies are 
presented in Table 1. 

Quality assessment of included studies 

All 5 included studies were RCTs and were rated as having a 
“low risk” of bias. Furthermore, all studies were assessed as having 
a “low risk” of bias regarding the completeness of outcome data 
(Figure 2). 

Incidence of osteoporosis 

In Kaufmann 2020’s study, the experimental group had 81 
events out of 746 participants, and the control group had 75 events 
out of 752 participants, with a weight of 49.9%. In Ruhstaller TR 
2018s study, the experimental group exhibited 20 events from 441 
participants compared to 69 events from 424 participants in the 
control group, contributing a weight of 50.1%. The OR across both 
studies was calculated to be 0.35 (95% CI: 0.04, 3.00), indicating no 
significant dierence in outcomes between the experimental and 
control groups. The total number of events in the experimental 
group was 101, versus 144 in the control group. The heterogeneity 
test showed a Chi2 value of 21.01 (df = 1, P < 0.001), suggesting 
high variability between studies (I2 = 97%). The test for overall 
eect yielded a Z statistic of 0.99 (P = 0.34), reinforcing that there is 
no statistically significant dierence between the groups (Figure 3). 

The funnel plot shows a symmetrical shape, suggesting that 
there is likely no substantial publication bias influencing the results, 
as the studies are evenly distributed on both sides of the mean 
risk dierence of zero. Additionally, the vertical dashed line at zero 
represents the point of no eect, reinforcing that the risk dierences 
observed in the studies are close to this value. Overall, the funnel 
plot indicates that the findings of the meta-analysis are robust and 
not significantly distorted by bias (Figure 4). 

Fracture risk 

In Mourtisen H 2009s study, the experimental group had 
30 events out of 2,463 participants, and the control group had 
24 events out of 2,449 participants, with a weight of 30.3%. In 

Roudbari M 2009s study, the experimental group exhibited 180 
events from 2,448 participants compared to 221 events from 2,457 
participants in the control group, contributing a weight of 37.0%. In 
Van Herck M 2012s study, the experimental group had 175 events 
out of 1,031 participants, while the control group had 177 events 
out of 1,012 participants, with a weight of 32.8%. In Ruhstaller TR 
2018s study, the experimental group showed 76 events from 1,031 
participants compared to 77 events from 1,012 participants in the 
control group, with a weight of 13.2%. The overall OR across all 
studies was calculated to be 1.40 (95% CI: 1.25, 1.57), indicating that 
the experimental group had higher odds of the event occurrence 
compared to the control group. The total number of events in the 
experimental group was 790, versus 891 in the control group. The 
heterogeneity test showed a Chi2 value of 4.20 (df = 3, P = 0.24), 
suggesting low to moderate variability between studies (I2 = 29%). 
The test for overall eect yielded a Z statistic of 5.62 (P < 0.001), 
reinforcing that there is a statistically significant dierence between 
the groups, with the experimental group being associated with 
increased odds of the event. 

The symmetrical shape of the funnel plot suggests that there 
is likely no substantial publication bias aecting the results, as the 
distribution of studies is relatively concentrated around the mean. 
Additionally, the vertical dashed lines indicate the area around the 
point of no eect, reinforcing that the OR observed in the studies 
are close to this central area. Overall, the funnel plot implies that 
the findings of the meta—analysis are robust and not significantly 
skewed by bias (Figures 5, 6). 

Subgroup analysis 

After pooling all subgroups, the overall OR = 1.40 with a 95% 
CI of (1.25, 1.57), (Z = 5.92), and (P < 0.001). This indicates 
that the overall risk of event occurrence in the experimental group 
(with two types of drugs combined) was significantly higher than 
that in the control group (Figure 7). The subgroup dierence test 
showed Chi2 = 3.67, degrees of freedom (df) = 1, P = 0.06, and 
I2 = 72.8%. These results suggest a potential trend of dierence 
between subgroups (a significant eect was observed in the 
aromatase inhibitor group, while no significant eect was found 
in the selective estrogen receptor modulator group). However, this 
dierence did not meet the strict statistical criterion for “significant 
dierence.” 

Discussion 

In post-menopausal women, the estrogen level significantly 
declines, the activity of osteoclasts is enhanced, and bone 
resorption is accelerated, leading to a yearly decrease in BMD (16). 
Endocrine therapy aects the estrogen signaling through dierent 
mechanisms, further altering the bone metabolic balance (17). 

From the perspective of the bone damage mechanism of 
AIs, AIs block the conversion of adrenal androgens to estrogens 
by inhibiting the activity of aromatase, resulting in a further 
decrease in the estrogen level in the body (18, 19). In addition, 
meta-analytic data suggest that hormonal interventions, aect 
systemic hormone levels including estradiol, testosterone, IGF 1 
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FIGURE 1 

Flowchart of literature search. 

TABLE 1 Basic characteristics of included studies. 

Study (year) Sample size (n) Intervention measures Country Outcome measures 

Intervention Control 

Mouridsen H 2009 (11) 2463/2459 Aromatase inhibitor Tamoxifen America Fracture risk 

Kaufmann M 2007 (12) 445/452 Anastrozole Tamoxifen Germany Fracture risk, osteoporosis incidence 

Rabaglio M 2009 (13) 2447/2448 Aromatase inhibitor Tamoxifen Switzerland Fracture risk 

Ruhstaller TR 2018 (14) 2463/2459 Selective estrogen 

receptor modulator 

Tamoxifen Switzerland Fracture risk, osteoporosis incidence 

Regan MM 2011 (15) 2448/2447 Aromatase inhibitor Tamoxifen America Fracture risk 

FIGURE 2 

Risk of bias distribution across the five included studies. 
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FIGURE 3 

Forest plot of the risk difference for osteoporosis incidence in postmenopausal breast cancer patients receiving SERMs compared to control 
(Tamoxifen). 

FIGURE 4 

Funnel plot comparing the risk difference for osteoporosis incidence in postmenopausal breast cancer patients receiving SERMs compared to 
control (Tamoxifen). 

FIGURE 5 

Forest plot of the risk difference for fracture risk rates in postmenopausal breast cancer patients receiving SERMs compared to control (Tamoxifen). 

and SHBG in post-menopausal women, which could be pertinent 
to bone metabolism (20, 21). The Meta - analysis of this study 

shows that the fracture risk in the AIs treatment group is 
significantly higher than that in the control group (OR = 1.40, 
95% CI = 1.25–1.57, P < 0.001), which is directly related to 

the estrogen deficiency caused by AIs. Estrogen can maintain 

bone homeostasis by regulating osteoblast dierentiation and 

inhibiting osteoclast activity. Its deficiency will accelerate the loss 

of trabecular bone and reduce the thickness of cortical bone (22). 
For example, the study by Mouridsen et al. (11) shows that the 

fracture risk in the AIs group is 27% higher than that in the 

tamoxifen group, which is consistent with the clinical evidence of 
the increase in bone turnover markers (such as type I collagen 

cross-linked carboxy—terminal peptide, CTX) (23). In addition, 
the negative impact of AIs on BMD is time - dependent. Long-
term use (> 2 years) can lead to a 2–4% decrease in lumbar 
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FIGURE 6 

Funnel plot for the risk difference for fracture risk rates in postmenopausal breast cancer patients receiving SERMs compared to control (Tamoxifen). 

FIGURE 7 

Forest plot of subgroup analysis on the difference in fracture risk between postmenopausal breast cancer patients treated with AIs or SERMs and the 
control group. 

BMD and a 1–3% decrease in hip BMD per year. Regarding the 
bone—protecting eect of SERMs, SERMs (such as raloxifene) 
have tissue—selective estrogen receptor agonist/antagonist eects. 
In bones, they show an estrogen—agonistic eect, can bind to 
estrogen receptor α (ERα), promote the activity of osteoblasts, 
and inhibit osteoclast dierentiation (24). In this study, the 
incidence of osteoporosis in the SERMs group is lower than 
that in the control group (OR = 0.35, 95% CI = 0.04–3.00), 
although it does not reach statistical significance, it indicates a 
potential bone—protecting trend. The study by Ruhstaller et al. 
(14) further confirms that SERMs can increase lumbar BMD by 
1.5–2.0% and hip BMD by 0.8–1.2%, which is consistent with 

the positive regulatory eect of estrogen on bone remodeling. 
As the first—generation selective estrogen receptor antagonist, 
tamoxifen antagonizes estrogen in breast tissue but shows a 
weak estrogen—agonistic eect in bones (25). However, the 
results of this study show that there is no statistically significant 
dierence in the fracture risk between the tamoxifen group and 
the control group (P = 0.24), which may be related to the 
low aÿnity of tamoxifen for estrogen receptors. In addition, 
the impact of tamoxifen on BMD is controversial: short—term 
use (< 5 years) can slightly maintain BMD, while long—term 
use may lead to a weakened protective eect due to receptor 
desensitization (26). 
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The results of our pairwise meta-analyses reveal distinct and 
opposing eects on bone health between dierent endocrine 
therapy classes when compared to controls. Regarding fracture 
risk, the comparison of AIs versus Tamoxifen demonstrated a 
statistically significant increase in fractures with AI use (OR = 1.40, 
95% CI: 1.25–1.57). This underscores a clear detrimental eect of 
estrogen depletion induced by AIs on bone integrity compared 
to the relatively neutral or protective eect of tamoxifen. For 
patients with a high recurrence risk, the anti-tumor advantage of 
AIs may outweigh its bone damage risk, and at this time, bone— 
protecting drugs such as bisphosphonates or denosumab need to be 
combined (27). By proactively integrating bone-protective agents 
like denosumab or bisphosphonates into AI treatment regimens, 
clinicians can mitigate the accelerated bone loss and fracture risk 
associated with estrogen suppression. This approach allows patients 
to receive the full anticancer benefits of AIs while minimizing one 
of their most significant side eects, thereby improving overall 
treatment sustainability and quality of life. Conversely, the analysis 
of SERMs versus control (Tamoxifen) for osteoporosis incidence 
showed a favorable, though not statistically significant, trend 
toward bone protection (OR = 0.35, 95% CI: 0.04–3.00). This 
aligns with the known estrogen-agonistic mechanism of SERMs in 
bone tissue. This may be related to the following factors: limited 
study sample size: only 2 studies are included in the osteoporosis 
assessment, and the total sample size is less than 4,000 cases, 
resulting in low test eÿciency; dierences in the assessment time 
window: the follow - up time of some studies is less than 2 years, 
while the occurrence of osteoporosis usually requires a longer-
term accumulation of bone mass loss; the sensitivity of BMD 
detection methods: the detection threshold of dual—energy X-ray 
absorptiometry (DXA) for short-term BMD changes is about 2– 
3%, and it is diÿcult to capture subtle dierences with a small 
sample size. In this study, the heterogeneity of fracture risk is 
low (I2 = 29%), indicating good consistency among the study 
results; while I2 = 97% in the osteoporosis analysis, which may be 
related to the following factors: dierences in intervention measure. 
Dierent drug action mechanisms lead to eect heterogeneity; 
patient baseline characteristics: there are dierences in the average 
age, years since menopause, and baseline BMD level of patients 
in the included studies. For example, the study by Bui et al. (12) 
includes more elderly patients (average age 65 years), while the 
patients in the study by Ruhstaller et al. are younger (average 
age 58 years). Age—related bone metabolic dierences may aect 
the results. The results of this study are basically consistent with 
previous reviews. Some meta-analyses show that using AIs for 
more than 5 years can increase the fracture risk by 30–40%, while 
SERMs can reduce the fracture risk by 15–20% (28). In addition, 
the bone—protecting eect of SERMs in this study is consistent 
with the results of some studies, which point out that raloxifene can 
reduce the risk of vertebral fractures by 30% and the risk of non-
vertebral fractures by 10% (29). In this study, there is no significant 
dierence in the fracture risk in the tamoxifen group (P = 0.06), 
which is controversial with the view of some early studies that 
tamoxifen can slightly reduce the fracture risk. This dierence may 
be related to the study design. In addition, this study does not 
distinguish between vertebral fractures and non-vertebral fractures, 
and AIs may have a more significant impact on vertebral fractures. 
For example, the study by Goss et al. (30) in 2005 found that AIs 

increased the risk of vertebral fractures by 45% and the risk of non-
vertebral fractures by only 20%. Therefore, future studies need to 
further subdivide fracture types to more accurately evaluate the 
impact of dierent endocrine treatment regimens on fracture risk. 

The clinical implications of this study are multifaceted. First, 
it highlights the critical need to integrate bone health assessment 
into the treatment planning for postmenopausal breast cancer 
patients. The significantly increased fracture risk associated with 
aromatase inhibitors necessitates proactive monitoring of bone 
mineral density and timely intervention with bone-protective 
agents (e.g., denosumab or bisphosphonates) to mitigate this risk. 
Second, the potential bone-protective trend of SERMs suggests they 
may be a preferred option for patients with pre-existing osteopenia 
or high fracture risk, provided their oncologic eÿcacy is suitable. 
Finally, the neutral bone eects of tamoxifen support its role as a 
viable alternative when balancing anticancer eÿcacy and skeletal 
safety. Ultimately, these findings advocate for a personalized 
treatment approach where endocrine therapy selection is guided by 
both cancer recurrence risk and individual bone health profile. 

However, this study has certain limitations. The uneven 
distribution of studies across endocrine therapies necessitated 
class-eect assumptions that may obscure drug-specific variations. 
Heterogeneous follow-up durations (2–5 years) may aect long-
term bone safety assessments. Unreported concomitant use of 
bone-protective agents (e.g., bisphosphonates) in some studies 
could introduce confounding. Some studies do not report in 
detail whether patients use bone—protecting drugs such as 
bisphosphonates, which may confound the treatment eect. In 
response to these limitations, future research directions should 
include conducting subgroup analyses, stratifying according to 
patient age, baseline BMD (such as T-value < −2.5 vs. −1.0 to 
−2.5), and treatment duration (< 5 years vs. ≥ 5 years) to identify 
high-risk populations; subdividing fracture types, distinguishing 
between vertebral, hip, and other site fractures to evaluate the 
impact of dierent drugs on fractures at specific sites; exploring 
whether the combination of AIs with bone—protecting drugs (such 
as zoledronic acid) can reduce the fracture risk without aecting 
the anti-tumor eÿcacy and including new endocrine drugs such 
as selective estrogen receptor down-regulators to evaluate their 
impact on bone metabolism. Through these studies, we can more 
deeply understand the impact of dierent endocrine treatment 
regimens on the BMD and fracture risk of post-menopausal breast 
cancer patients and provide stronger evidence support for clinical 
decision-making. 

Conclusion 

This systematic review and meta-analysis showed that dierent 
endocrine treatments exert distinct eects on BMD and fracture 
risk in post-menopausal breast cancer patients. However, regarding 
BMD, since only two studies have been considered, further 
verification will be required in the future. AIs accelerated bone 
loss and were associated with a statistically significant increase 
in fracture risk compared to controls (Tamoxifen), necessitating 
regular BMD monitoring and consideration of bone-protecting 
therapies. SERMs demonstrated a trend toward bone protection 
and may be considered appropriate in patients with high fracture 
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risk, provided that their oncologic eÿcacy was adequate for the 
individual patient. Tamoxifen appears to preserve BMD in the short 
term but shows no significant dierence in fracture risk compared 
to controls in the analyzed studies, indicating its bone eects were 
context-dependent. Thus, the selection of endocrine therapy should 
be individualized, carefully balancing oncologic benefits against 
bone health risks. 

Data availability statement 

The original contributions presented in the study are included 
in the article/supplementary material, further inquiries can be 
directed to the corresponding author. 

Ethics statement 

Ethical approval was not required for the study involving 
humans in accordance with the local legislation and institutional 
requirements. Written informed consent to participate in this study 
was not required from the participants or the participant’s legal 
guardians/next of kin in accordance with the national legislation 
and the institutional requirements. 

Author contributions 

HQ: Conceptualization, Data curation, Formal analysis, 
Methodology, Resources, Software, Validation, Visualization, 
Writing – original draft. JW: Data curation, Methodology, 
Resources, Software, Supervision, Validation, Writing – review 
& editing. ZW: Software, Supervision, Validation, Visualization, 
Writing – review & editing. BG: Software, Supervision, Validation, 
Visualization, Writing – review & editing. YZ: Conceptualization, 
Funding acquisition, Methodology, Project administration, 
Resources, Software, Supervision, Writing – review & editing. 

Funding 

The author(s) declare financial support was received for the 
research and/or publication of this article. This study was supported 
by the National Project for the Inheritance and Innovation of 
Traditional Chinese Medicine Talents—the “Qihuang Project.” 

Conflict of interest 

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest. 

Generative AI statement 

The authors declare that no Generative AI was used in the 
creation of this manuscript. 

Any alternative text (alt text) provided alongside figures in 
this article has been generated by Frontiers with the support of 
artificial intelligence and reasonable eorts have been made to 
ensure accuracy, including review by the authors wherever possible. 
If you identify any issues, please contact us. 

Publisher’s note 

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their aÿliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher. 

References 

1. Ahn S, Park JH, Grimm SL, Piyarathna DWB, Samanta T, Putluri V, et al. 
Metabolomic rewiring promotes endocrine therapy resistance in breast cancer. Cancer 
Res. (2024) 84:291–304. doi: 10.1158/0008-5472.CAN-23-0184 

2. Bidard FC, Kaklamani VG, Neven P, Streich G, Montero AJ, Forget F, et al. 
Elacestrant (oral selective estrogen receptor degrader) versus standard endocrine 
therapy for Estrogen receptor-positive, human epidermal growth factor receptor 2-
negative advanced breast cancer: results from the randomized phase III emerald Trial. 
J Clin Oncol. (2022) 40:3246–56. doi: 10.1200/JCO.22.00338 

3. Johnston SRD, Toi M, O’Shaughnessy J, Rastogi P, Campone M, Neven P, et al. 
Abemaciclib plus endocrine therapy for hormone receptor-positive, HER2-negative, 
node-positive, high-risk early breast cancer (monarchE): results from a preplanned 
interim analysis of a randomised, open-label, phase 3 trial. Lancet Oncol. (2023) 
24:77–90. doi: 10.1016/S1470-2045(22)00694-5 

4. Laws A, Punglia RS. Endocrine therapy for primary and secondary prevention 
after diagnosis of high-risk breast lesions or preinvasive breast cancer. J Clin Oncol. 
(2023) 41:3092–9. doi: 10.1200/JCO.23.00455 

5. Lu YS, Im SA, Colleoni M, Franke F, Bardia A, Cardoso F, et al. Updated 
overall survival of ribociclib plus endocrine therapy versus endocrine therapy alone 
in pre- and perimenopausal patients with HR+/HER2- advanced breast cancer in 
MONALEESA-7: a Phase III Randomized Clinical Trial. Clin Cancer Res. (2022) 
28:851–9. doi: 10.1158/1078-0432.CCR-21-3032 

6. Goetz MP, Toi M, Huober J, Sohn J, Trédan O, Park IH, et al. Abemaciclib plus 
a nonsteroidal aromatase inhibitor as initial therapy for HR+, HER2- advanced breast 
cancer: final overall survival results of MONARCH 3. Ann Oncol. (2024) 35:718–27. 
doi: 10.1016/j.annonc.2024.04.013 

7. Cucciniello L, Garufi G, Di Rienzo R, Martinelli C, Pavone G, Giuliano M, et al. 
Estrogen deprivation eects of endocrine therapy in breast cancer patients: incidence, 
management and outcome. Cancer Treat Rev. (2023) 120:102624. doi: 10.1016/j.ctrv. 
2023.102624 

8. Guglielmi G, Del Re M, Gol LS, Bengala C, Danesi R, Fogli S. Pharmacological 
insights on novel oral selective estrogen receptor degraders in breast cancer. Eur J 
Pharmacol. (2024) 969:176424. doi: 10.1016/j.ejphar.2024.176424 

9. Gaudio A, Xourafa A, Rapisarda R, Castellino P. Therapeutic options for the 
management of aromatase inhibitor- associated bone loss. Endocr Metab Immune 
Disord Drug Targets. (2022) 22:259–73. doi: 10.2174/1871530321666210809153152 

10. Peng BQ, Wu J, Tian S, Qu XQ, Liang XY, Feng JH, et al. Eect of chemotherapy 
and dierent chemotherapy regimens on bone health among Chinese breast cancer 
women in dierent menstrual status: a self-control study. Support Care Cancer. (2023) 
31:540. doi: 10.1007/s00520-023-07960-8 

11. Mouridsen H, Giobbie-Hurder A, Goldhirsch A, Thürlimann B, Paridaens R, 
et al. Letrozole therapy alone or in sequence with tamoxifen in women with breast 
cancer. N Engl J Med. (2009) 361:766–76. doi: 10.1056/NEJMoa0810818 

Frontiers in Medicine 08 frontiersin.org 

https://doi.org/10.3389/fmed.2025.1665389
https://doi.org/10.1158/0008-5472.CAN-23-0184
https://doi.org/10.1200/JCO.22.00338
https://doi.org/10.1016/S1470-2045(22)00694-5
https://doi.org/10.1200/JCO.23.00455
https://doi.org/10.1158/1078-0432.CCR-21-3032
https://doi.org/10.1016/j.annonc.2024.04.013
https://doi.org/10.1016/j.ctrv.2023.102624
https://doi.org/10.1016/j.ctrv.2023.102624
https://doi.org/10.1016/j.ejphar.2024.176424
https://doi.org/10.2174/1871530321666210809153152
https://doi.org/10.1007/s00520-023-07960-8
https://doi.org/10.1056/NEJMoa0810818
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-12-1665389 November 26, 2025 Time: 18:51 # 9

Qu et al. 10.3389/fmed.2025.1665389 

12. Kaufmann M, Jonat W, Hilfrich J, Eidtmann H, Gademann G, Zuna I, 
et al. Improved overall survival in postmenopausal women with early breast cancer 
after anastrozole initiated after treatment with tamoxifen compared with continued 
tamoxifen: the ARNO 95 Study. J Clin Oncol. (2007) 25:2664–70. doi: 10.1200/JCO. 
2006.08.8054 

13. Rabaglio M, Sun Z, Price KN, Castiglione-Gertsch M, Hawle H, Thürlimann B, 
et al. Bone fractures among postmenopausal patients with endocrine-responsive early 
breast cancer treated with 5 years of letrozole or tamoxifen in the BIG 1-98 trial. Ann 
Oncol. (2009) 20:1489–98. doi: 10.1093/annonc/mdp033 

14. Ruhstaller T, Giobbie-Hurder A, Colleoni M, Jensen MB, Ejlertsen B, de 
Azambuja E, et al. Adjuvant letrozole and tamoxifen alone or sequentially for 
postmenopausal women with hormone receptor-positive breast cancer: long-term 
follow-up of the BIG 1-98 Trial. J Clin Oncol. (2019) 37:105–14. doi: 10.1200/JCO.18. 
00440 

15. Regan MM, Price KN, Giobbie-Hurder A, Thürlimann B, Gelber RD, 
International Breast Cancer Study Group and Big 1-98 Collaborative Group. 
Interpreting Breast International Group (BIG) 1-98: a randomized, double-blind, 
phase III trial comparing letrozole and tamoxifen as adjuvant endocrine therapy for 
postmenopausal women with hormone receptor-positive, early breast cancer. Breast 
Cancer Res. (2011) 13:209. doi: 10.1186/bcr2837 

16. Honda S, Tominaga Y, Espadaler-Mazo J, Huedo P, Aguiló M, Perez M, et al. 
Supplementation with a probiotic formula having β-glucuronidase activity modulates 
serum estrogen levels in healthy peri- and postmenopausal women. J Med Food. (2024) 
27:720–7. doi: 10.1089/jmf.2023.k.0320 

17. Choong GM, Hoskin TL, Boughey JC, Ingle JN, Goetz MP. Endocrine therapy 
omission in estrogen receptor-low (1%-10%) Early-Stage Breast Cancer. J Clin Oncol. 
(2025) 43:1875–85. doi: 10.1200/JCO-24-02263 

18. Kwan ML, Lo JC, Laurent CA, Roh JM, Tang L, Ambrosone CB, et al. A 
prospective study of lifestyle factors and bone health in breast cancer patients who 
received aromatase inhibitors in an integrated healthcare setting. J Cancer Surviv. 
(2023) 17:139–49. doi: 10.1007/s11764-021-00993-0 

19. Antonini S, Pedersini R, Birtolo MF, Baruch NL, Carrone F, Jaafar S, et al. 
Denosumab improves trabecular bone score in relationship with decrease in fracture 
risk of women exposed to aromatase inhibitors. J Endocrinol Invest. (2024) 47:433–42. 
doi: 10.1007/s40618-023-02174-5 

20. Li X, Hou X, Hernández-Wolters B, Prabahar K, Kord-Varkaneh H, Mei B. The 
eect of tamoxifen on estradiol, SHBG, IGF-1, and CRP in women with breast cancer 
or at risk of developing breast cancer: a meta-analysis of randomized controlled trials. 
. Exp Gerontol. (2024) 191:112431. doi: 10.1016/j.exger.2024.112431 

21. Qian Z, Velu P, Prabahar K, Hernández-Wolters B, Zhi QD. The Eect of 
17β-estradiol plus norethisterone acetate on estradiol, testosterone, IGF-1 and SHBG 
in postmenopausal women: a meta-analysis of randomized controlled trials. Horm 
Metab Res. (2025) 57:189–98. doi: 10.1055/a-2531-9363 

22. Wu D, Cline-Smith A, Goering D, Choudhary A, Veis D, Aurora R. Estrogen 
loss activates memory T-cells to compromise bone integrity through distinct cortical 
compartments in mice. J Bone Miner Res. (2025) 40:1087–99. doi: 10.1093/jbmr/ 
zjaf089 

23. Nishida M, Yagi M, Suzuki S, Takahashi Y, Nori S, Tsuji O, et al. Persistent low 
bone mineral density in adolescent idiopathic scoliosis: a longitudinal study. J Orthop 
Sci. (2023) 28:1099–104. doi: 10.1016/j.jos.2022.07.005 

24. Moshi MR, Nicolopoulos K, Stringer D, Ma N, Jenal M, Vreugdenburg 
T. The Clinical Eectiveness of Denosumab (Prolia R ) for the treatment of 
osteoporosis in postmenopausal women, compared to bisphosphonates, selective 
estrogen receptor modulators (SERM), and placebo: a systematic review and network 
meta-analysis. Calcif Tissue Int. (2023) 112:631–46. doi: 10.1007/s00223-023-01 
078-z 

25. Kim H, Whitman AA, Wisniewska K, Kakati RT, Garcia-Recio S, Calhoun BC, 
et al. Tamoxifen response at single-cell resolution in estrogen receptor-positive primary 
human breast tumors. Clin Cancer Res. (2023) 29:4894–907. doi: 10.1158/1078-0432. 
CCR-23-1248 

26. Altundag K. Not all patients with premenopausal breast cancer will experience 
the negative eects of tamoxifen treatment on their bone mineral density. Breast 
Cancer. (2024) 31:997.doi: 10.1007/s12282-024-01595-1 

27. Rugo HS. Addressing unmet need in the management of patients with ER+/ 
HER2-, ESR1-mutated metastatic breast cancer: clinician’s perspective. Clin Adv 
Hematol Oncol. (2023) 21:623–32. 

28. Early Breast Cancer Trialists’ Collaborative Group (EBCTCG). Adjuvant 
bisphosphonate treatment in early breast cancer: meta-analyses of individual patient 
data from randomised trials. Lancet. (2015) 386:1353–61. doi: 10.1016/S0140-6736(15) 
60908-4 

29. Kim KJ, Ahn SH, Park SY, Choi J, Bae GH, Kim HY, et al. Impact of antiresorptive 
agents on mortality risk in postmenopausal women with osteoporosis: insights from 
a nationwide cohort study. Eur J Endocrinol. (2024) 191:361–9. doi: 10.1093/ejendo/ 
lvae111 

30. Goss PE, Ingle JN, Martino S, Robert NJ, Muss HB, Piccart MJ, et al. Randomized 
trial of letrozole following tamoxifen as extended adjuvant therapy in receptor-positive 
breast cancer: updated findings from NCIC CTG MA.17. J Natl Cancer Inst. (2005) 
97:1262–71. doi: 10.1093/jnci/dji250 

Frontiers in Medicine 09 frontiersin.org 

https://doi.org/10.3389/fmed.2025.1665389
https://doi.org/10.1200/JCO.2006.08.8054
https://doi.org/10.1200/JCO.2006.08.8054
https://doi.org/10.1093/annonc/mdp033
https://doi.org/10.1200/JCO.18.00440
https://doi.org/10.1200/JCO.18.00440
https://doi.org/10.1186/bcr2837
https://doi.org/10.1089/jmf.2023.k.0320
https://doi.org/10.1200/JCO-24-02263
https://doi.org/10.1007/s11764-021-00993-0
https://doi.org/10.1007/s40618-023-02174-5
https://doi.org/10.1016/j.exger.2024.112431
https://doi.org/10.1055/a-2531-9363
https://doi.org/10.1093/jbmr/zjaf089
https://doi.org/10.1093/jbmr/zjaf089
https://doi.org/10.1016/j.jos.2022.07.005
https://doi.org/10.1007/s00223-023-01078-z
https://doi.org/10.1007/s00223-023-01078-z
https://doi.org/10.1158/1078-0432.CCR-23-1248
https://doi.org/10.1158/1078-0432.CCR-23-1248
https://doi.org/10.1007/s12282-024-01595-1
https://doi.org/10.1016/S0140-6736(15)60908-4
https://doi.org/10.1016/S0140-6736(15)60908-4
https://doi.org/10.1093/ejendo/lvae111
https://doi.org/10.1093/ejendo/lvae111
https://doi.org/10.1093/jnci/dji250
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

	Impact of different endocrine therapies on bone mineral density and fracture risk in postmenopausal breast cancer patients: a meta-analysis
	Introduction
	Materials and methods
	Inclusion and exclusion criteria
	Inclusion criteria
	Exclusion criteria

	Search strategy
	Database selection
	Keywords and subject terms
	Time frame
	Manual search and reference tracking
	Literature screening and quality assessment

	Statistical analysis

	Results
	Literature search results
	Characteristics of included studies
	Quality assessment of included studies
	Incidence of osteoporosis
	Fracture risk
	Subgroup analysis

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


