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INTRODUCTION

Hormone receptor-positive (HR+) breast cancer is the most prev-
alent subtype of breast cancer [1,2]. Estrogen exposure has an im-
pact on risk factors for HR+ breast cancer, including hormone re-

placement therapy, early menarche, and late menopause [3-5]. 
Furthermore, as estrogen controls bone turnover, increased bone 
mineral density (BMD) has been thought to be a sign of persistent 
estrogen exposure [3,4,6-8]. Therefore, it has been hypothesized 
that high BMD is associated with a worse prognosis for breast can-
cer. A previous study has shown that postmenopausal breast can-
cer patients with low BMD have lower rates of local and distant re-
currences than patients with normal BMD [9]. The subtype of 
breast cancer was not classified in that study, making it difficult to 
apply its results to all postmenopausal patients with breast cancer. 
Due to widespread use of aromatase inhibitors, postmenopausal 
breast cancer patients are especially susceptible to bone density 
loss. Several studies have demonstrated that aromatase inhibitor- 
treated breast cancer patients experience an elevated incidence of 
osteoporotic fractures [10-12]. Therefore, bone density reduction 
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should not be neglected, as previous research has shown that in-
creased bone density is a poor prognostic factor for breast cancer. 
The objective of the present study was to examine the associations 
between BMD and breast cancer recurrences among postmeno-
pausal patients with luminal A breast cancer. Associations of breast 
cancer recurrences with BMD changes during the follow-up peri-
od were also evaluated. 

METHODS

Patients
This retrospective analysis evaluated 348 postmenopausal patients 
with luminal A breast cancer who were treated at Pusan National 
University Yangsan Hospital from 2012 to 2016. Luminal A breast 
cancer was defined if the following criteria were met: (1) HR posi-
tivity; (2) human epidermal growth factor receptor 2 negativity; 
and (3) Ki-67 percentage less than 15%. Menopause was defined as 
the absence of menstruation for more than a year combined with 
elevated follicle-stimulating hormone ( > 25 IU/mL) levels in the 
blood. Dual energy X-ray absorptiometry was used to measure 
BMDs of the lumbar spine, total femur, and femoral neck. Accord-
ing to measured BMD and World Health Organization (WHO) 
criteria, those with T scores ≥ –1.0, –2.5 to –1.0, and ≤ –2.5 were 
defined as normal, osteopenia, and osteoporosis patients, respec-
tively. Patients were divided into two groups in the preoperative 
examination: those with normal BMD and those with low BMD 
(including osteopenia and osteoporosis). Changes in BMD over 
the course of the follow-up period were also analyzed according to 
WHO criteria. The bone density of patients was measured every 
year after surgery, and it decreased when the change in bone densi-
ty was lower than before surgery, increased when it improved, and 
remained unchanged if there was no change. Patients with osteo-
penia were given calcium medications, while those with osteopo-
rosis were given denosumab. Data such as age at diagnosis, body 
mass index (kg/m2), histology, tumor size, tumor grade, lymph 
node status, stage, the type of surgery, chemotherapy, radiation 
therapy, and endocrine therapy were collected. 

Cancers were staged according to the breast cancer anatomic 
stage guidelines of the 8th American Joint Committee on Cancer. 
Patient status was monitored every 3 to 6 months for the first 5 years 
following the initial treatment and then annually thereafter. This 
study was approved by the Institutional Review Board of Pusan 
National University, Korea (IRB No. 05-2022-154). Informed con-
sent is not needed in this study.

Statistical analysis
Means of continuous data were compared between those with 

normal BMD and those with low BMD using the t-test and Mann- 
Whitney test. Categorical data between two groups were analyzed 
using the Pearson chi-square test. Events were defined as recurrence 
in the ipsilateral breast, chest wall or axillary, supraclavicular, infra-
clavicular, or internal mammary nodes, occurrences of contralat-
eral breast cancer, and metastasis to any other organ. Disease-free 
survival was calculated from the date of surgery to the date of event. 
Kaplan-Meier survival function and log-rank test were used to 
confirm difference in survival rates between the two groups (nor-
mal BMD and low BMD). All data were analyzed using SPSS ver-
sion 23 (SPSS Inc.).

Table 1. Patient’s characteristics and pathology according to bone 
mineral density

Variable
Bone mineral density

P-value
Normal (n=129) Low (n=219)

Age (yr) 55.82± 6.86 61.76± 7.95 < 0.001

Body mass index (kg/m2) 24.72± 3.38 24.47± 3.37 0.502

Bone mineral density change < 0.001

   Decrease 46 (35.7) 22 (10.0)

   No change 83 (64.3) 160 (73.1)

   Increase 0 37 (16.9)

Tumor histology 0.160

   Invasive ductal carcinoma 105 (81.4) 194 (88.6)

   Invasive lobular carcinoma  13 (10.1) 12 (5.5)

   Others 11 (8.5) 13 (5.9)

pT 0.005

   1 86 (66.7) 128 (58.5)

   2 35 (27.1) 84 (38.4)

   3 7 (5.4) 4 (1.8)

   4 1 (0.8) 3 (1.4)

pN 0.385

   0 93 (72.0) 153 (69.8)

   1 25 (19.4) 49 (22.4)

   2 6 (4.7) 14 (6.4)

   3 5 (3.9) 3 (1.4)

Stage 0.322

   I 74 (57.4) 106 (48.4)

   IIA 28 (21.7) 66 (30.1)

   IIB 14 (10.9) 26 (11.9)

   III 13 (10.1) 21 (9.6)

Grade 0.748

   1 52 (40.3) 80 (36.5)

   2 70 (54.3) 128 (58.5)

   3 7 (5.4) 11 (5.0)

Lymphovascular invasion 0.280

   Yes 21 (16.3)  46 (21.0)

   No 108 (83.7) 173 (79.0)

Values are presented as mean± standard deviation or number (%).
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those with BMD improvement, and 98.4% for those with BMD 
deterioration (P = 0.79) (Fig. 2).

DISCUSSION

Estrogen is known to affect bone turnover, and continuous estro-
gen exposure has been linked to breast cancer [3,4,6]. Thus, it has 
been hypothesized that high BMD is associated with breast cancer. 
High BMD has been regarded as a negative prognostic factor for 
breast cancer. Several studies have found that postmenopausal 
women with a high BMD have an increased risk of developing 

RESULTS

Among 348 patients diagnosed with postmenopausal luminal A 
type breast cancer, preoperative examination confirmed normal 
BMD in 129 patients and low BMD in 219 patients. Table 1 sum-
marizes patient and tumor characteristics of the two groups. The 
normal BMD group had younger patients (55.82 ± 6.86 years) than 
the low BMD group (61.76 ± 7.95 years) (P < 0.001) (Table 1). Body 
mass index did not differ significantly between the two groups 
(Table 1). During the treatment and follow-up period, 46 patients 
in the normal BMD group (35.7%) and 22 patients in the low 
BMD group (10.0%) showed decrease in BMD (Table 1). All pa-
tients received endocrine therapy. In the low BMD group, 47 pa-
tients (21.5%) switched from aromatase inhibitor to tamoxifen. In 
the normal BMD group, only 15 patients (11.6%) made the switch 
(Table 2). During a median follow-up period of 78 months, only 
14 patients (4.0%) had recurrences, distant metastases, or occur-
rences of contralateral breast cancer. Four patients experienced re-
currences: one in the normal BMD group and three in the low 
BMD group. Six patients were found to have distant metastases: 
four in the normal BMD group and two in the low BMD group. 
Contralateral breast cancer was detected in five patients: four in 
the normal BMD group and one in the low BMD group. Disease- 
free survival rate at 5 years was 98.2% for 219 patients with low 
BMD and 95.0% for 129 patients with normal BMD (P = 0.33) 
(Fig. 1). In addition, disease-free survival at 5 years was 97.0% for 
those whose BMD did not change during treatment, 94.6% for 

Table 2. Treatments of patients according to bone mineral density

Variable 
Bone mineral density

P-value
Normal (n=129) Low (n=219)

Operation 0.063

   Breast-conserving surgery 104 (80.6) 157 (71.7)

   Mastectomy 25 (19.4) 62 (28.3)

Radiation therapy 0.007

   Yes 114 (88.4) 168 (76.7)

   No 15 (11.6) 51 (23.3)

Chemotherapy 0.001

   Yes 102 (79.1) 137 (62.6)

   No 27 (20.9) 82 (37.4)

Endocrine therapy 0.007

   Aromatase inhibitor 74 (57.4) 135 (61.6)

   Tamoxifen 35 (27.1) 33 (15.1)

   Aromatase inhibitor →  
   tamoxifen

15 (11.6) 47 (21.5)

   Tamoxifen → aromatase  
   inhibitor

5 (3.9) 4 (1.8)

Values are presented as number (%).

Fig. 1. Disease-free survival rates in normal bone mineral density 
(BMD) and low bone mineral density groups. 
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Fig. 2. Disease-free survival rate according to bone mineral density 
(BMD) change during treatment. 
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breast cancer [3,7,8,13,14]. However, such results could not be ap-
plied to all postmenopausal women because previous studies in-
cluded patients who voluntarily underwent routine health exam-
inations. In addition, because they did not classify subtypes of 
breast cancer, it was difficult to apply their findings to all patients 
with breast cancer. In a prospective cohort study, Fraenkel et al. [8] 
have hypothesized that BMD could serve as a biomarker for breast 
cancer risk. However, other studies have indicated that there is no 
correlation between breast cancer and BMD [15-19]. Consequent-
ly, although numerous studies have been conducted to clarify this 
issue, there are no conclusive results. A systemic review has also 
found that the association between BMD and breast cancer risk is 
still debatable [20]. 

This study found no association between BMD and breast can-
cer recurrence or metastasis (Fig. 1). It also found that bone density 
change during the follow-up period was unrelated to the prognosis 
of patients (Fig. 2). Additionally, there were more young women in 
the normal BMD group than in the low BMD group (Table 1). 
Therefore, patients with normal BMD are more likely to undergo 
breast-conserving surgery with radiation therapy than mastecto-
my. In addition, chemotherapy was administered more frequently 
in the group with normal BMD. In the low BMD group, there was 
a higher rate of switching to tamoxifen than in the normal BMD 
group (Table 2). This might be due to progression of bone density 
loss and aromatase inhibitor-related side effects such as musculo-
skeletal pain. After treatment with an aromatase inhibitor, 35.7% of 
patients in the normal BMD group experienced a decrease in 
BMD. Moreover, only a few patients showed an increase in BMD 
during the follow-up period. This decrease in BMD can cause os-
teoporotic fractures as suggested in previous studies [10-12]. In 
this study, seven patients with osteoporosis had fractures despite 
receiving treatment for bone density reduction. Therefore, patients 
confirmed to have low bone density should be actively treated to 
prevent fractures. 

Due to the small number of patients with events, it was difficult 
to achieve statistical significance in this study, which exclusively fo-
cused on luminal A breast cancer. In addition, when determining 
how BMD changes affected prognosis, bias was introduced be-
cause patients with low BMD were treated with calcium medica-
tions to increase BMD. It would be preferred to examine the asso-
ciation between bone density and breast cancer prognosis using 
multicenter data with a more extended follow-up period. 

In conclusion, BMD had no statistically significant associations 
on recurrences, metastases, or incidences of contralateral breast 
cancer in postmenopausal patients with luminal A breast cancer. 
In addition, BMD change during treatment showed no statistically 
significant associations with breast cancer recurrences, metastases, 

or contralateral occurrences. 
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