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Background: In a randomized controlled trial, we compared the bone mineral densities 
(BMDs) and blood markers of bone turnover during short-term treatment of osteopo-
rotic women with bisphosphonate alendronate or bazedoxifene, a selective estrogen re-
ceptor modulator. Methods: Ten and eleven patients were randomized to the alendro-
nate and bazedoxifene groups, respectively. BMDs were measured before and after 6 
months of treatment. Blood tests were used to measure the levels of osteocalcin (OC), C-
terminal telopeptide of type I collagen (CTX), vitamin D3, and parathyroid hormone pre-
treatment and after 3 and 6 months of treatment. The variables were compared statisti-
cally. Results: The alendronate group showed decreases in blood levels of both OC and 
CTX during the study period (P<0.001 and P=0.002, respectively), while the bazedoxi-
fene group had a decrease only in OC levels (P=0.012). After 6 months of treatment, 
BMDs significantly increased in the alendronate group at multiple bone sites, including 
the L1–4 lumbar vertebrae, femur trochanter, and total femur. However, there was no 
significant increase in BMD in the bazedoxifene group. BMDs were not significantly dif-
ferent between the 2 groups. Conclusions: Patients treated with alendronate showed 
more rapid suppression of markers of bone turnover and higher BMD than those treated 
with bazedoxifene during a short-term regime. Considering the effects and complica-
tions of each medication, the relationship between bone turnover rate and bone quality 
will need to be investigated in future studies.
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INTRODUCTION 

The structure and function of the bone are achieved by a constant dynamic 
process and equilibrium between bone formation and resorption, and the quality 
and quantity of bone tissues are balanced by this equilibrium.[1] Osteoporosis is a 
systemic disease characterized by decreased bone mass and microstructural dete-
rioration of bone tissue that increases fragility and susceptibility to fracture.[2] Al-
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though the measurement of bone mineral density (BMD) 
performed using dual energy X-ray absorptiometry (DXA) 
is the current gold standard for the diagnosis of osteopo-
rosis, it is only useful for detecting structural changes that 
are greater than 30% of normal.[3]

Bone metabolism can be measured by biochemical mark-
ers that can detect structural changes earlier than a DXA 
scan. Markers for bone resorption reflect the activity of os-
teoclasts and include the N-terminal telopeptide and C-
terminal telopeptide (CTX) of type 1 collagen. Osteocalcin 
(OC), alkaline phosphatase, C-terminal propeptide, and N-
terminal propeptide are markers of bone formation which 
reflect osteoblastic activity. Furthermore, blood levels of 
parathyroid hormone (PTH) and 25‐dihydroxy-vitamin D3 
are useful for evaluating the status of bone turnover.[4]

Therapeutics that modify bone turnover equilibrium are 
used to treat osteoporosis. Anti-resorptive agents are ef-
fective and widely used. Out of many medication options, 
anti-resorptive agents are commonly prescribed to post-
menopausal women. Two of the most common anti-re-
sorptive agents are oral bisphosphonates such as alendro-
nate, risedronate, and ibandronate, and selective estrogen 
receptor modulators (SERMs).[5] Anti-resorptive agents 
decrease the number, activity, and life span of osteoclasts. 
However, it should be noted that not all anti-resorptive 
drugs act similarly that can lead to different treatment re-
sults and complications.[6] This is the first study that di-
rectly compared the effects of alendronate and bazedoxi-
fene on bone turnover markers. 

The objective of this study was to compare the efficacy 
of alendronate and bazedoxifene in osteoporotic women 
during 6 months of treatment using DXA scans to detect 
changes in BMD and measurements of blood markers for 
bone turnover. 

METHODS

1. Study participants
This prospective study from October 2014 to April 2016 

was approved by the Institutional Review Board at our 
hospital. Informed consent was obtained from each partic-
ipant after a detailed explanation of the study. The inclu-
sion criteria were (1) female gender; (2) T-score ≤-2.5 us-
ing DXA; (3) age from 50 to 80 years; and (4) naive to os-
teoporosis medication. Exclusion criteria were (1) women 

with endometrial hyperplasia or gynecological diseases 
that could be adversely affected by SERMs; (2) history of 
deep vein thrombosis or pulmonary embolism; (3) women 
who were unable to take bisphosphonate due to gastro-
esophageal reflux or gastrointestinal diseases; (4) women 
who were taking medication for osteoporosis; and (5) wom-
en who were taking medications that affected bone me-
tabolism, such as steroids. Screening the inclusion and ex-
clusion criteria were based on the patients’ medical history 
and medical records. 

2. Randomization, treatment group 
assignment, and data collection

For each study participant, the age, height, and weight 
were recorded prior to treatment, and the body mass in-
dex (BMI) was calculated from the height and weight mea-
surements. Participants were randomly assigned to the 
alendronate or bazedoxifene group by block randomiza-
tion method. Those in the alendronate group ingested a 
Fosamax Plus D® tablet (91.37 mg sodium alendronate + 
26.67 mg cholecalciferol) once a week, and subjects in the 
bazedoxifene group ingested a Viviant tablet (20 mg baze-
doxifene) every morning. All participants underwent a DXA 
scan (Lunar iDXA; GE Healthcare lunar, Madison, WI, USA) 
prior to and at the end of the 6-month treatment period. 
The DXA scans were performed by only one expert in the 
radiology department to reduce errors, and DXA reports 
were prepared by an experienced radiologist. The least sig-
nificant change value of DXA scan in our hospital was 1.2%. 
Markers for bone turnover were measured at the begin-
ning of the study, at 3 months, and the end of the 6-month 
treatment period and included serum OC, vitamin D3, PTH, 
and CTX. Each blood sample was obtained at approximate-
ly 10 AM after overnight fasting to exclude diurnal varia-
tion of the markers. Rates for medication adherence was 
analyzed via unannounced pill counts, and the survey was 
performed at the outpatient clinic. All participants were in-
structed to report any adverse side effects during the treat-
ment period.

3. Statistical analysis
Descriptive statistics that included means and standard 

deviations (SDs) were conducted for all datasets. The Kol-
mogorov-Smirnov test was used for the determination of 
data normality. Continuous variables were compared be-
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tween the alendronate and bazedoxifene groups using a 
Mann-Whitney test, and comparisons of variables between 
time points within each group were performed using a Wil-
coxon sign rank or Friedman test according to the number 
of comparisons. All statistical analyses were performed us-
ing SPSS version 20.0 (IBM Corp., Armonk, NY, USA), and 
statistical significance was set at P less than 0.05.

RESULTS

This study initially included 27 women with osteoporosis 
(T score ≤-2.5 on DXA), with 14 and 13 women assigned 
to the alendronate and bazedoxifene groups, respectively. 
There were 4 drop-outs in the alendronate group and 2 in 
the bazedoxifene group during the trial. Therefore, 21 wom-
en completed the study (Fig. 1). There were no significant 
differences between the 2 groups in terms of age, BMI, mar-
kers of bone turnover, and BMD prior to treatment. The 
drug adherence rate for alendronate group was 93.3% (SD, 
11.0%) and the rate for bazedoxifene group was 88.7% (SD, 
5.7%). There was no significant difference between the 2 
groups (Table 1). No fracture occurred during follow-up.

1. Changes in the markers of bone turnover 
during treatment

The participants in the alendronate group showed sig-
nificant decreases in the serum levels of OC, 27.8 to 12.7 

(P<0.001) and CTX, 0.43 to 0.20 (P=0.002) during the 6 
months of treatment, while the bazedoxifene group showed 
a significant decrease only in serum OC levels, 22.5 to 16.1 
(P=0.012) (Table 2). At the 3-month timepoint, the CTX 
levels were less in the alendronate group than the baze-
doxifene group. At the 6-month treatment timepoint, the 

Fig. 1. Flow chart of participant recruitment for the randomized controlled trial to compare alendronate and bazedoxifene treatments.

27 Participants eligible for trial

Randomized assignment

4 Discontinued due to 
low adherence

2 Discontinued due to 
low adherence

Aldendronate group (N=14)  
- DEXA, bone turnover markers

Bazedoxifene group (N=13) 
- DEXA, bone turnover markersInitial

Aldendronate group (N=10)
- Bone turnover markers

Bazedoxifene group (N=11)
- Bone turnover markers3 Months

Aldendronate group (N=10) 
- DEXA, bone turnover markers

Bazedoxifene group (N=11) 
- DEXA, bone turnover markers6 Months

Table 1. Demographic data and measurements for participants prior 
to treatment with alendronate or bazedoxifene

Alendronate 
group (N=10)

Bazedoxifene 
group (N=11) P-value

Age (yr) 64.2±8.0 61.8±5.6 0.435

Height (cm) 154.6±5.3 153.4±4.5 0.571

Weight (kg) 55.7±6.9 61.5±11.1 0.167

BMI (kg/m2) 23.3±2.8 26.2±4.6 0.107

Drug adherence rate (%) 93.3±11.0 88.7±5.7 0.202

BTM

   Osteocalcin (ng/mL) 27.8±9.0 22.5±8.0 0.223

   C-telopeptide (ng/mL) 0.43±0.22 0.32±0.16 0.314

   25(OH)D3 (ng/mL) 45.5±10.5 48.3±8.7 0.605

   PTH (pg/mL) 45.5±12.0 38.4±5.5 0.173

BMD (g/cm2)

   L1-4 0.836±0.056 0.884±0.086 0.153

   Femur neck 0.731±0.074 0.751±0.058 0.223

   Femur trochanter 0.597±0.075 0.637±0.073 0.282

   Total femur 0.780±0.069 0.816±0.071 0.282

The data is presented as mean±standard deviation.
BMI, body mass index; BTM, bone turnover marker; 25(OH)D3, 25-hydroxy-
vitamin D3; PTH, parathyroid hormone; BMD, bone mineral density.
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serum levels of OC and CTX were less in the alendronate 
group than in the bazedoxifene group. There were no chang-
es in serum levels of PTH and vitamin D3 observed during 
the treatments. 

2. Changes in BMD during treatment
The majority of bone sites examined by DXA showed 

significant increases in BMD after 6 months of alendronate 
treatment from 0.836 to 0.871 in L1-4 average, while the 
bazedoxifene group did not show any significant increase 

Table 2. Changes in markers of bone turnover during treatment 

Baseline 3 months 6 months P-valuea)

Osteocalcin (ng/mL)

   Alendronate 27.8±9.0 (100.0%) 17.0±4.0 (61.2%) 12.7±4.2 (45.7%) <0.001

   Bazedoxifene 22.5±8.0 (100.0%) 18.3±6.6 (81.3%) 16.1±3.7 (71.6%) 0.012

   P-valueb) 0.223 0.705 0.020

C-telopeptide (ng/mL)

   Alendronate 0.43±0.22 (100.0%) 0.15±0.11 (34.9%) 0.20±0.23 (46.5%) 0.002

   Bazedoxifene 0.32±0.16 (100.0%) 0.27±0.14 (84.4%) 0.34±0.15 (106.3%) 0.695

   P-valueb) 0.314 0.006 0.020

25(OH)D3 (ng/mL)

   Alendronate 45.5±10.5 (100.0%) 56.5±10.0 (124.2%) 51.4±14.6 (123.0%) 0.301

   Bazedoxifene 48.3±8.7 (100.0%) 52.8±11.6 (109.3%) 42.6±13.6 (88.2%) 0.148

   P-valueb) 0.605 0.654 0.197

PTH (pg/mL)

   Alendronate 45.5±12.0 (100.0%) 43.0±14.8 (94.5%) 39.2±13.7 (86.2%) 0.301

   Bazedoxifene 38.4±5.5 (100.0%) 42.2±7.8 (109.9%) 43.3±15.2 (112.8%) 0.184

   P-valueb) 0.173 0.863 0.468

The data is presented as mean±standard deviation.
a)P-value were calculated using Mann-Whitney test. b)P-value were calculated using Friedman test. 
25(OH)D3, 25-hydroxy-vitamin D3; PTH, parathyroid hormone.

Table 3. Changes in bone mineral density during treatment

Baseline 6 months P-valuea)

L1-4 BMD (g/cm2)

   Alendronate 0.836±0.056 (100.0%) 0.871±0.071 (104.2%) 0.003

   Bazedoxifene 0.884±0.086 (100.0%) 0.891±0.083 (100.8%) 0.504

   P-valueb) 0.153 0.564

Femur neck BMD (g/cm2)

   Alendronate 0.731±0.074 (100.0%) 0.736±0.070 (100.7%) 0.610

   Bazedoxifene 0.751±0.058 (100.0%) 0.744±0.065 (99.1%) 0.167

   P-valueb) 0.223 0.739

Femur trochanter BMD (g/cm2)

   Alendronate 0.597±0.075 (100.0%) 0.620±0.078 (107.1%) 0.007

   Bazedoxifene 0.637±0.073 (100.0%) 0.631±0.075 (99.1%) 0.241

   P-valueb) 0.282 0.684

Total femur BMD (g/cm2)

   Alendronate 0.780±0.069 (100.0%) 0.792±0.067 (101.5%) 0.028

   Bazedoxifene 0.816±0.071 (100.0%) 0.811±0.075 (99.4%) 0.314

   P-valueb) 0.282 0.436

The data is presented as mean±standard deviation.
a)P-value were calculated using Mann-Whitney test. b)P-value were calculated using Wilcoxon sign rank test. 
BMD, bone mineral density.
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in BMD from 0.884 to 0.891 (Table 3). However, there was 
no significant increase in BMD in the bazedoxifene group. 
There were no significant differences observed in BMDs 
between the 2 groups at the pretreatment and 6-month 
timepoints for the body sites examined. 

DISCUSSION 

The aim of this study was to evaluate the short-term 
changes in osteogenic and osteoclastic biomarkers and 
BMD after administration of 2 different types of medica-
tions, alendronate and bazedoxifene, for osteoporosis. Ba-
zedoxifene showed slower suppression of bone metabo-
lism compared to alendronate. After 6 months of treatment, 
the alendronate treatment group showed a significant de-
crease in bone resorption and formation markers. The ba-
zedoxifene treatment group showed a significant decrease 
only in a bone formation marker. The alendronate group 
showed significant increases in BMD, as observed by DXA 
scan, at multiple bone sites after 6 months of treatment, 
while the bazedoxifene group did not. However, the BMDs 
between the 2 groups were not significantly different at 
pre- or post-treatment timepoints. This was the first clini-
cal study to compare the efficacy of alendronate and baze-
doxifene on osteoporosis by measuring BMD and bone 
turnover markers during a short-term follow-up.

In the alendronate group, levels of serum OC decreased 
by 6 months of treatment, while CTX levels decreased by a 
significant amount in the first 3 months and then by a small-
er amount in the next 3 months, forming almost a nadir. 
This finding is consistent with a previous study that report-
ed a decrease in bone resorption markers within 6 weeks 
to 3 months after the initiation of anti-resorptive therapy, 
while the nadir in bone formation markers was delayed 
until 6 months.[7] The rapid reduction in serum levels of 
CTX compared with OC after alendronate treatment dem-
onstrated the rapid suppression of bone resorption as the 
primary action of this drug. Reflecting this rapid change of 
bone turnover markers, BMD significantly increased only 
after 6 months of treatment in the alendronate group. In 
addition to a previous study that reported the effect of alen-
dronate on BMD at a median follow-up of 4 years,[8] our 
study showed that this drug significantly increased BMD 
during short-term administration. 

In the bazedoxifene treatment group, the serum levels 

of OC decreased after 6 months of treatment, while CTX 
levels did not show a significant change. Furthermore, 6 
months of bazedoxifene treatment did not induce signifi-
cant changes in BMD. Our study period may have been too 
short to evaluate the clinical effects of bazedoxifene on os-
teoporosis considering that a previous study reported that 
bazedoxifene significantly increased BMD and reduced bone 
turnover after 5 years of treatment to those observed in 
the placebo group.[9] 

Bjarnason et al. [10] reported that changes in bone turn-
over were related to fracture risk during 3 years of raloxifene 
therapy; however, changes in BMD were not associated with 
fracture risk. Although bone quantity, as measured by DXA, 
is an important factor contributing to bone strength, bone 
quality is another component that is potentially important 
for bone strength and fracture risk. Determination of bone 
quality can be performed by examining trabecular bone 
score and micro computed tomography, but they are not 
widely used. The disparity between bone turnover rate, frac-
ture risk, and bone quantity leads us to focus on the poten-
tial role of currently unknown bone quality measurements.

Bone is a complex connective tissue whose homeostasis 
is maintained by an equilibrium between bone formation 
and resorption. Rapid and strong suppression of bone turn-
over by bisphosphonates is considered beneficial in pre-
serving or increasing BMD.[11] However, excessive suppres-
sion of bone turnover may cause accumulation of bone 
with inappropriate quality, which may result in atypical 
fractures in spite of increased BMD.[12] Bazedoxifene treat-
ment has not been shown to cause atypical fractures. Fur-
thermore, previous network meta-analysis showed baze-
doxifene showed higher efficiency in preventing vertebral 
fractures than bisphosphonates in groups of individuals at 
high risk for osteoporotic fractures who had Fracture Risk 
Assessment Tool scores >20%.[13] Therefore, bazedoxifene 
may be more beneficial for preserving bone quality than 
alendronate. In this context, the different bone turnover 
patterns between alendronate and bazedoxifene shown in 
our study prompt the clinical question of what the optimal 
bone turnover rate should be for better bone quality. Fur-
ther study is required to determine whether bazedoxifene’s 
slower suppression of bone turnover may be a factor in de-
termining better bone quality.

Drug adherence in the alendronate group and the baze-
doxifene group were not significantly different. There were 
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4 dropouts in the alendronate group and 2 dropouts in the 
bazedoxifene group. In the alendronate group, 2 partici-
pants dropped out owing to possible side effects and the 
other 2 due to concurrent treatment of other diseases. In 
the bazedoxifene group, the participants dropped out due 
to concurrent treatment of other diseases. They were both 
oral tablets, but the frequency of the medication was dif-
ferent, with alendronate being administered daily and ba-
zedoxifene once a week. Despite the small number of par-
ticipants in the study, the frequency of the tablets did not 
affect the drug adherence rate.

Limitations of the study need to be considered while in-
terpreting the study results. First, this study had a small 
sample size, and the study results need to be generalized 
with caution. Second, bone turnover markers are subject 
to circadian variability. Although the blood samples were 
obtained at approximately 10 AM to reduce the diurnal 
variation, there may have been an unknown bias measur-
ing these markers. Third, the study was conducted over a 
short period. Six months are not sufficient to monitor change 
in BMD and long-term effect of osteoporotic medication. 
Long-term study is needed in the future.

In conclusion, during 6 months of treatment, alendro-
nate showed a more rapid suppression of bone turnover 
than bazedoxifene, and this likely caused significant incre-
ases in BMDs in the alendronate group. Considering the 
long-term clinical effects of both drugs on BMD and frac-
ture rate, the relationship between the bone turnover rate 
and bone quality needs to be investigated in future studies.
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