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Background: The impact of osteopenia as a risk factor for fractures is underrecognized. 
Moreover, the efficacy of selective estrogen receptor modulators (SERMs) in postmeno-
pausal women with osteopenia is limited. This study aimed to evaluate the efficacy of 
SERMs in postmenopausal women with osteopenia. Methods: Thirty-two postmeno-
pausal women with osteopenia were treated with 3 types of SERMs medication: raloxi-
fene (group I, N=15), bazedoxifene (group II, N=8), and raloxifene with cholecalciferol 
(group III, N=9). Bone mineral density (BMD) was measured using dual energy X-ray ab-
sorptiometry scans before treatment to after 3 years of treatment once a year. Results: 
Patients in group I showed significant increases in hip BMD, -1.93 to -1.73 and spine 
BMD, -1.85 to -1.67. In addition, patients in groups II and III showed significant increases 
in hip BMD, -1.93 to -1.69 and -2.22 to -1.86, respectively and spine BMD, -2.1 to -1.3 and 
-2.22 to -1.37, respectively. The BMD increased in the hip and spine by 9.7% and 10.3%, 
respectively in group I, 38.0% and 12.4%, respectively in group II, and 38.2% and 16.2%, 
respectively in group III. Conclusions: In this study, we found that SERMs could improve 
spine and hip BMD. In conclusion, preemptive treatment using SERMs is necessary for 
postmenopausal women with osteopenia. None of the patients experienced fractures 
during the follow-up period. 
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INTRODUCTION

Osteoporosis is a systemic and progressive skeletal disease characterized by re-
duced bone density, with a consequent increase in bone fragility and long-term 
fracture risk.[1] Due to the increase in mortality rate after osteoporotic fractures, 
those are emerging as a socioeconomic problem.[2] Osteopenia is a precursor of 
osteoporosis and is defined as a bone mineral density (BMD) between 1.0 and 2.5 
standard deviations below the mean of peak bone mass in healthy, young normal 
people (T-score between -1.0 and -2.5).[3] The prevalence of osteopenia ranges 
from 27.1% to 51.6%, with a reportedly high prevalence among postmenopausal 
women in Asian countries, where the population is aging rapidly.[4-6] Compared 
with osteoporosis, the impact of osteopenia as a risk factor for fractures is under-
recognized. A recent study suggests that osteopenia is also a significant risk factor 
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for fragility fractures in older women.[7] Moreover, a large 
community-based study in the U.S. reported that about 
half of all fragility fractures occur in women who were di-
agnosed osteopenia.[8,9] For osteoporosis patients, selec-
tive estrogen receptor modulators (SERMs) are widely used 
and their efficacy has been proven.[10-12] However, medi-
cation efficacy of SERMs for postmenopausal women with 
osteopenia is limited. The purpose of this study is to evalu-
ate the efficacy of SERMs in postmenopausal women with 
osteopenia.

METHODS

This retrospective study was approved by the Institution-
al Review Board (IRB) at our hospital (IRB no. 2022-07-003). 
From January 2012 to May 2019, 97 postmenopausal os-
teopenia women patients were enrolled. Women with BMD 
between 1.0 and 2.5 standard deviations below peak bone 
mass for healthy premenopausal women were included, 
regardless of the presence of prevalent vertebral fractures. 
Among them with following conditions were excluded, (1) 
current bone disorders other than postmenopausal osteo-
porosis; (2) history of endometrial hyperplasia or gyneco-
logical diseases that could be adversely affected by SERMs; 
(3) history of cancer in the last 5 years; (4) active venous 
thromboembolic disease, and endocrine disorders requir-
ing pharmacologic therapy, except type II diabetes. 

Thirty-two postmenopausal women, who were diag-
nosed with osteopenia, were allocated to one of 3 treat-
ment groups and monitored for 3 years. All patients were 
treated by SERMs and 3 types of medication were used: 
raloxifene (60 mg/day; group I, N=15), bazedoxifene (20 
mg/day; group II, N=8) and raloxifene (60 mg/day) with 
cholecalciferol (8 mg/day; group III, N=9). BMD was mea-
sured by dual energy X-ray absorptiometry (DXA) scan (Ho-
rizon DXA system; Hologic Inc., Marlborough, MA, USA), from 
before treatment to after 3 years of treatment once a year. 

The Kolmogorov-Smirnov test was used for the determi-
nation of data normality. Comparisons of variables between 
time points within each group were performed using a Wil-
coxon signed rank test according to the number of com-
parisons. All statistical analyses were performed using SPSS 
version 26.0 (IBM Corp., Armonk, NY, USA), and statistical 
significance was set at P value less than 0.05. 

RESULTS

The average follow-up duration was 40.1 months (range, 
36-78). The mean age of the patients was 60.3 years (range, 
48-72) with a mean body mass index of 23.1±4.1 kg/m2. 
The time from menopause was a mean of 7.3 years (range, 
3.3-11.3). The mean period of treatment was 3.7 years (range, 
3-5). The drug adherence rate for group I was 87.3% (stan-
dard deviation [SD], 11.0) the rate for group II was 88.7% 
(SD, 5.7) and the rate for group III was 85.3% (SD, 7.4). There 
was no significant difference between the 3 groups (Table 1).

Patients in group I showed significant increases in hip 
BMD, -1.93 to -1.73 and spine BMD, -1.85 to -1.67. Also, pa-
tients in group II and group III showed significant increases 
in hip BMD, -1.93 to -1.69, -2.22 to -1.86 and spine BMD, 
-2.1 to -1.3, -2.22 to -1.37 (Table 2). In group I, BMD increa-
sed in the hip and spine by 9.7% (P=0.035) and 10.3% 

Table 1. Demographic data for participants

Group I 
(N=15)

Group II 
(N=8)

Group III 
(N=9) P-value

Age (yr) 60.8±5.4 52.2±4.3 67±6.2 0.611

BMI (kg/m2) 19.9±1.1 19.8±1.3 19.4±0.9 0.642

Drug adherence  
   rate (%)

87.3±11.0 88.7±5.7 85.3±7.4 0.211

BMI, body mass index.

Table 2. Changes in BMD during treatment

Baseline 3 years after P-value

Hip BMD

   Group I -1.93±0.25 -1.73±0.33 0.018

   Group II -1.93±0.32 -1.69±0.20 0.034

   Group III -2.22±0.19 -1.86±0.17 0.042

Spine BMD

   Group I -1.85±0.31 -1.67±0.22 <0.001

   Group II -2.10±0.22 -1.30±0.27 0.023

   Group III -2.22±0.20 -1.37±0.24 0.031

BMD, bone mineral density.

Table 3. Percentage changes in BMD from baseline at 3 years

Characteristics Group I Group II Group III

Hip BMD 9.7±1.0 38.0±4.2 38.2±4.5

   P-value 0.035 0.046 0.048

Spine BMD 10.3±1.1 12.4±1.2 16.2±1.3

   P-value 0.021 0.032 0.002

BMD, bone mineral density.
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(P=0.021). In group II, were increased 38.0% (P=0.046) 
and 12.4% (P=0.032), in group III, were increased 38.2% 
(P=0.048) and 16.2% (P=0.002) in hip and spine, respec-
tively. In group III, BMD was increased the larger than other 
groups (Table 3). All patients did not have any fractures dur-
ing the follow-up period. 

DISCUSSION

Fractures are a major complication of osteopenia and 
osteoporosis. The 10-year cumulative incidence of fragility 
fractures was 44.3% in women with osteoporosis.[7] More-
over, according to the 2020 report of the Korean Society 
for Bone and Mineral Research, osteoporotic fractures are 
associated with functional limitation and excess mortality 
of 17%.[13] Osteopenia can progress to osteoporosis if left 
untreated. Baek et al. [7] reported that the 10-year cumula-
tive incidence of fragility fractures was 37.5% in women 
with osteopenia. And more, they emphasized the risk of 
fracture in osteopenia as well as osteoporosis and the need 
for its treatment. 

Estrogen deficiency can accelerate the loss of bone mass 
and cause deterioration of bone quality.[14] Hence, proper 
treatment is needed for postmenopausal women, who are 
more likely to develop osteopenia or osteoporosis.[14] SERMs 
provide the beneficial effects of estrogen on skeletal tissue 
without negative effects on other organs.[15] In an in vitro 
study, raloxifene, the SERMs used in treating osteoporosis, 
decreased the rate of bone remodeling and attenuated os-
teoclast activity but maintained osteoblast activity.[16] More-
over, some studies revealed that raloxifene was proven ef-
fective in reducing vertebral fractures in postmenopausal 
women with osteoporosis.[17,18] 

In this study, we could find that the SERMs can signifi-
cantly improve the BMD in postmenopausal women with 
osteopenia. Hence, we assumed that SERMs treatment is 
decreased the risk of fractures in patients with osteopenia. 
However, in Korea, access to pharmaceutical intervention 
to prevent osteoporosis in patients with T-score in the os-
teopenic range is limited because the National Health In-
surance (NHI) does not provide coverage for these patients. 
Postmenopausal women with osteopenia, had a 1.31-fold 
increased risk of overall fracture compared with women 
with normal BMD.[7] In a recent study, it was projected 
that if the NHI expanded its coverage to include drug ther-

apy for osteopenic patients at high risk of fractures, the cu-
mulative number of fractures that would have been pre-
vented between 2011 and 2015 would have increased 2.3 
times.[19] Moreover, in a societal perspective, the estimat-
ed incremental cost-effectiveness ratios for the base cases 
that had T-scores between -2.0 and -2.4 and began drug 
therapy at the age of 55, 60, or 65 years were $16,472, $6,741, 
and -$13,982 per quality-adjusted life year gained, respec-
tively.[20] Hence, the prescription of SERMs in osteopenia 
patients through the expansion of Korean National Health 
Insurance coverage would help reduce the prevalence of 
fractures and save socioeconomic costs. 

This study has several limitations. First, this study had a 
small sample size, and the study results need to be gener-
alized with caution. Second, this study did not check bone 
turnover markers. Bjarnason et al. [11] reported that chang-
es in bone turnover were related to fracture risk during 3 
years of raloxifene therapy. Although bone quantity, as mea-
sured by DXA, is an important factor contributing to bone 
strength, bone quality is another component that is po-
tentially important for bone strength and fracture risk. If 
bone turnover markers had been included in this study, ef-
ficacy of SERMs could have been more accurately assessed. 
Third, we may have selection bias. The baseline BMD of 
group III was relatively lower than other groups. It can be 
assumed that patients with relatively lower BMD were pre-
scribed additional vitamin D based on the examiner’s pref-
erence. Fourth, low adherence to drugs are not only limit-
ed to SERMs therapy but it is also observed in other osteo-
porotic medications.[21-24] Ringe et al. [25] reported the 
rate of patients’ compliance with raloxifene as 80%. Simi-
larly, we found that of medication was 87%. Kripalani et al. 
[26] suggested behavioral or informative interventions which 
were aimed to increase the adherence to drugs. In that 
study, Interventions could increase adherence. However, it 
did not change significantly the related clinical outcomes. 
If compliance can be increased through effective strate-
gies, the effect of medication can be further maximized. 
Fifth, studies are conflicting regarding effect of vitamin D 
on BMD. Reid et al. [27] insisted that the benefit of using 
vitamin D to improve BMD is questionable. However, Liu et 
al. [28] suggested that the SERMs with vitamin D may have 
some additive effect on improving BMD. However, there 
are a few reports that assess the effect of SERMs with vita-
min D. In this study, SERMs with vitamin D tended to have 
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a larger increase of BMD than SERMs monotherapies. Hence, 
additional studies need to assess the effect of SERMs with 
vitamin D on BMD.

CONCLUSION 

Osteopenia can progress to osteoporosis if left untreat-
ed. Moreover, osteopenia itself may increase the risk of over-
all fractures. In thais study, we could find that the SERMs 
improved spine and hip BMD. In conclusion, preemptive 
treatment using SERMs in postmenopausal women with 
osteopenia could be necessary.
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