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Background: The purpose of this prospective, open-label, observational study was to
assess the fracture preventing effect of Maxmarvil® tablets (alendronate 5 mg + calcitriol
0.5 μg) in patients with osteoporosis and to evaluate the change in bone mineral density
(BMD) at the minimum 1-year follow-up. Methods: In this multicenter observational
study, 691 patients with osteoporosis (aged 50 years or older) were treated with alendronate 5 mg + calcitriol 0.5 μg/day during their normal course of care. Patients were assessed at baseline and at 6 and 12 months. Baseline characteristics (including age, gender, concomitant disease, and baseline fractures) were evaluated. Results: From among
the 848 participants, 149 individuals were lost to follow-up at the time of the study and
8 people had died. The 691 participants (54 men and 637 women) finished the followup study and completed the questionnaire. The mean age of the participants was 71.5
years (range, 50-92 years; mean age, 72.3 years for men and 71.4 years for women). Osteoporotic fracture occurred in 19 patients (2.7%). BMD of the lumbar spine and hip was
improved by 5% and 1.5% at the latest follow-up. At the latest follow-up, 24 patients
(3.5%) complained of drug-related complications such as dyspepsia, constipation, and
nausea. Conclusions: This prospective observational study demonstrated that alendronate 5 mg + calcitriol 0.5 μg/day had a preventive effect on osteoporotic fracture and it
increased the BMD of the lumbar spine by 5% at the latest follow-up.
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INTRODUCTION
Osteoporosis is an increasing concern for older adults as painful fragility fractures
can significantly affect the overall health and quality of life.[1-4] In South Korea,
the lifetime risk of fracture at the age of 50 is estimated to be 59.6% for women
and 23.5% for men.[5]
Anti-osteoporosis medication is important for preventing osteoporotic fracture
and for decreasing mortality and morbidity.[6-8] Among them, bisphosphonates
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(BPs) are considered first-line therapy for the prevention
and treatment of osteoporosis and they have demonstrated efficacy in the prevention of osteoporotic fractures at a
variety of skeletal sites.[9,10] Clinical trials of each agent
have demonstrated statistically significant reductions in
the risk of nonvertebral fractures.[9-11]
Since 2004, a combination drug containing alendronate
5 mg plus calcitriol 0.5 μg (Maxmarvil®; Yuyu Co., Seoul, Korea) has been introduced and are available.[12] This combination drug is quite effective in maintaining the bone
mass in Asian osteoporotic postmenopausal women, even
though the daily dosage of alendronate approved by the
U.S. Food and Drug Administration is 10 mg.[12] However,
there is only one study assessing the fracture preventing
effects and bone mineral density (BMD) change after using
this combination drug.[12] The purpose of this prospective,
open-label, observational study was to assess the preventive effect on osteoporotic fracture using Maxmarvil® tablets (alendronate 5 mg + calcitriol 0.5 μg) in patients with
osteoporosis and to evaluate the change in BMD at the minimum 1-year follow-up.

METHODS
1. Study design
The design and protocol of this prospective, open-label,
observational multicenter study were approved by the Institutional Review Board of each hospital. Patients who were
diagnosed with osteoporosis from January 2011 to December 2014 were eligible for this study. All patients were evaluated for age, gender, body mass index (BMI), BMD, concomitant disease, and baseline fractures.
Inclusion criteria were age 50 years and over, diagnosis
of osteoporosis (T-score≤-2.5) using central dual energy
X-ray Absorptiometry (DXA), and no history of cancer or
infection. Exclusion criteria were use of antiosteoporotic
medication prior to 3 months, contraindication for using
BP, renal stone, and refusal to participate. Enrollment and
exclusion decisions were made by an investigator who did
not otherwise participate in the study.
The study, for which the data were collected during four
patient visits, was designed to evaluate the prevalence of
osteoporotic fracture and BMD change. At baseline (visit 1),
all patients signed an Institutional Review Board-approved
informed consent document, were evaluated for inclusion
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in the study, were questioned about their medical history
and demographics, and were prescribed Maxmarvil® tablets as daily medication by their physicians. At visit 2 (12
weeks) and visit 3 (6 months), data were collected. At visit
4 (endpoint; 54 weeks from baseline), additional data were
collected and the BMD was evaluated after 12 months of
treatment.

2. BMD measurements
Lumbar spine or/ and hip BMD was measured using DXA
at each hospital. The BMD of the lumbar spine (L2-L4) or/
and total hip and femur neck was measured at the commen
cement of the study and after 12 months of treatment. A
statistically significant increase in BMD was defined as a
change exceeding the least significant change (LSC).

3. A new osteoporotic fracture
Patients were asked to report new fractures occurring
after the baseline visit, and information on the fracture site
was collected (spine, hip, wrist, proximal humerus). All information regarding the fracture was self-reported by the
patient and confirmed by X-ray assessments.

4. Outcome measurements
The primary outcome variables were incidence of osteoporotic fractures including the spine, hip, wrist, and humerus, and change in BMD at the minimal one-year follow-up
period. The secondary outcome was prevalence of adverse
events during the follow-up period.

5. Statistical analyses
The chi-square test or Fisher exact test used to analyze
descriptive variables and the t-test was used to analyze numeric variables, as appropriate. Two-sided P-values<0.05
were considered statistically significant. Statistical analyses
were performed using SPSS software version 19.0; IBM Corp.,
Armonk, NY, USA).

RESULTS
A total of 848 patients with osteoporosis (79 men and
769 women) were enrolled in this study. The mean age was
71.9 years (range, 50-97 years). Of these 848 patients, 691
patients (54 men and 637 women) finished the minimum
12-month follow-up (Fig. 1). The mean age of patients was
https://doi.org/10.11005/jbm.2017.24.2.91
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71.5 years (range, 50-92 years). Three hundred patients (306
cases) had a previous history of osteoporotic fracture including the spine (72 cases), hip (123 cases), distal radius (39
cases), proximal humerus (11 cases), and other sites (61 cases). Other concomitant comorbidities are described in Table 1.

Table 1. Demographic characteristics

1. Osteoporotic fracture

Height (cm)
Men
Women

154.4±8.9 (range,130-180)
163.3±14.8
152.0±71.95

Weight (kg)
Men
Women

54.7±9.7 (range, 35-85)
62.4±8.8
52.3±8.6

BMI (kg/m2)
Men
Women

22.9±3.1 (range, 16-36)
23.1±2.9
22.9±3.1

During the follow-up period, 19 of the 691 patients (2
men and 17 women) (2.7%) developed an osteoporotic
fracture (0.6% spinal fractures and 2.1% nonspinal fractures). Eighteen patients (6%) of 300 patients with previous osteoporotic fracture developed secondary osteoporotic fractures and 17 patients experienced fractures at the

848 patients (79 in men and 769 in women)
agreed to enroll the study
157 Excluded
Loss of follow-up (n=149)
Death (n=8)
691 Follow-up and included in the
safety analysis

Variables

No. of participants (n=691)

Gender
Men
Women

54
637

Age (yr)
Men
Women

71.5±8.2 (range, 50-92)
72.3±9.1
71.4±8.2

Previous osteoporotic fracture
Spine
Hip
Distal radius
Proximal humerus
Others

306 (44.3%)
72 (10.4%)
123 (17.8%)
39 (5.6%)
11 (1.6%)
61 (8.8%)

Underlying disease
Asthma
Stroke
Hypertension
Heart disease
Diabetes

22 (3.2%)
33 (4.8%)
306 (44.3%)
76 (11.0%)
115 (16.6%)

The data is presented as mean±standard deviation or number (%).
BMI, body mass index.

Fig. 1. Flow of patients through the study.
Table 2. Demographic characteristics of osteoporotic fractures
Case
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Sex

Age (yr)

Pre-existing fracture

Fracture at 6 months

Woman
Woman
Woman
Woman
Man
Woman
Man
Woman
Woman
Woman
Woman
Woman
Woman
Woman
Woman
Woman
Woman
Woman
Woman

80
74
85
87
87
68
66
58
75
82
70
72
68
70
79
61
75
70
82

Hip
Hip
Hip
Hip
Hip
Distal radius
Hip
Distal radius
Spine
Hip
Distal radius
NF
Spine
Distal radius
Distal radius
Distal radius
Hip, distal radius
Proximal humerus
Distal radius

Hip
Hip
Hip
Hip
Hip
Distal radius
Hip
Distal radius
NF
NF
Distal radius
Spine
Spine
Distal radius
Distal radius
Distal radius
Distal radius
Proximal humerus
Distal radius

Fracture at 12 months

Spine
Spine

NF, no fracture.
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P<0.001

0.85

P=0.006

0.838

0.84

0.69

0.82

BMD (g/cm2)

BMD (g/cm2)

0.83

0.81
0.80

Pre-treatment BMD
Post-treatment BMD

0.70

0.798

0.79

0.677

0.68
0.667

0.67
0.66

0.78
0.77

Pre-treatment BMD
N=848

Post-treatment BMD
N=691

Lumber spine

0.65

A

Pre-treatment BMD
N=848

Post-treatment BMD
N=691

Hip

B

Fig. 2. (A) Mean lumbar spine bone mineral density (BMD; g/cm2) and (B) mean hip BMD (g/cm2) after one year treatment with Maxmarvil®.

same anatomic site. Only one of the 391 patients without
osteoporotic fracture (0.3%) developed a spinal fracture.
Most of the osteoporotic fractures (17/19 patients, 89.5%)
occurred at the 6-month follow-up (Table 2).

2. BMD change
At the 12-month follow-up, in 57 patients, lumbar spine
BMD could not be assessed, and in 47 patients, hip BMD
could not be assessed, due to measurement error, instrumentation, or only one site (hip or lumbar spine) measurement. The pre-treatment average lumbar and hip BMD
was 0.798±0.155 g/cm2 and 0.667±0.138 g/cm2, and the
post-treatment average lumbar and hip BMD was 0.838±
0.162 g/cm2 and 0.677±0.132 g/cm2, respectively (P<0.001
and P=0.006). The average improvements in lumbar and
hip BMD were 5% and 1.5%, respectively (P<0.001) (Fig.
2A, B).

3. Adverse events
Forty adverse events in 34 patients were reported at the
3-month follow-up and 27 adverse events in 24 patients
were reported at the 12-month follow-up. During the follow-up period, the incidence of adverse events decreased
and the common type of adverse events changed at each
visit. At the latest follow-up, dyspepsia was the most common adverse event and then upper gastric pain was reported (Table 3).
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Table 3. Adverse events following Maxmarvil® treatment at each follow-up period
3 months
(n=34)
Vomiting

6 months
(n=30)

12 months
(n=24)

2

4

2

Reflux

2 (1)a)

1 (1)a)

1

Chest discomfort

1 (1)

3

Stomach

6

3

3 (1)a)

Anorexia

4

4

1

a)

Continuous cough

2

0

1

Dizziness

1 (1)a)

1

1

Constipation

3 (3)a)

4 (1)a)

2

Dyspepsia

4

1

8

Nausea

6

6

2 (1)a)

Esophagitis

0

0

1 (1)a)

Others

3

3

2

( ): concomitant adverse event.

a)

DISCUSSION
Although combination therapies of BP with vitamin D
are popular and generalized, Maxmarvil® (5 mg alendronate with active vitamin D) is the only anti-osteoporosis
medication combining alendronate and calcitriol. This study
demonstrated that the incidence of osteoporotic fracture
was 2.7% at the 12-month follow-up and lumbar spine and
total hip BMD was increased by 5% and 1.5%, respectively.
Overall incidence of osteoporotic fracture in this study
was 2.7% (0.6% spinal fractures, 2.1% non-spinal fractures).
https://doi.org/10.11005/jbm.2017.24.2.91
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This finding is comparable with that in other studies. Watts
et al. [13] retrospectively analysed 5,507 patients taking
alendronate medications using administrative claims database, and they reported that 2.4% of non-spinal fractures
occurred at the 12-month follow-up. Foster et al. [14] reported that the one-year incidence of spinal and non-spinal fractures was 0.3% and 2.2%, respectively after evaluating 172,939 patients taking alendronate using claims database. Modi et al. [15] evaluated the fracture rates among
26,852 women who were adherent to BP therapy for a minimum of 12 months using claims database, and they report
ed that the rate of fragility fractures was 3.9%. However, in
this study, most of the osteoporotic fractures occurred at
the 6-month follow-up.
At the 12-month follow-up, the mean improvement in
lumbar and hip BMD was 5% and 1.5% in this study. This
finding is similar to that in other previous studies. Rhee et
al. [12] reported that an increase in BMD of 2.4%±0.5%
after 24 weeks of 5 mg/day of alendronate with alfacalciferol. Iwamoto et al. [16] performed a prospective observational study in 105 postmenopausal women with 5 mg/
alendronate, and they reported that the improvement in
lumbar BMD was 8.2% at 12 months. In general, a dose of
alendronate of 10 mg/day or 70 mg/week is most popular
worldwide. Bonnick et al. [17] performed a randomized control study in 1053 women, and they reported that lumbar
and hip BMD were improved by 5.2% and 3.0% at 2 years
after using 70 mg/week alendronate. Tan et al. [18] reported that lumbar and hip BMD were improved by 5.8% and
3.6% at 1 year after using 70 mg/week alendronate. Althou
gh an improvement in BMD has been consistently reported in several studies, amount of improvement in BMD is
slightly different. The most important reason for this discrepancy might be related to the patient’s demographic
characteristics and different amounts of alendronate.
The overall adverse event rate at 12 months was 3.5%.
Suh et al. [19] evaluated the efficacy and safety in 568 patients treated with 5 mg/day alendronate along with 0.5 μg
calcitriol, and they reported that the rate of adverse events
was 5.6%. They reported abdominal pain and dyspepsia as
the most common adverse events. These adverse events
are commonly experienced by patients who are prescribed
BPs, including those in this study.
In conclusion, this prospective observational study demonstrated that alendronate 5 mg + calcitriol 0.5 μg/day had
https://doi.org/10.11005/jbm.2017.24.2.91

a preventive effect on osteoporotic fracture and increased
the lumbar BMD by 5% at the latest follow-up.
This study has several limitations. Firstly, this prospective
observational study did not include a control group and it
lacked randomization. Therefore, direct comparison of the
effect using 5 mg/day alendronate with 0.5 μg calcitriol
was not possible. However, we could observe a similar incidence of fracture and improvement in lumbar BMD. Secon
dly, there could be errors in the measured values because
the DXA machines used in the patient group were different
from those used in the control group. Finally, of the 848 patients, 157 patients were excluded due to several reasons.
Although considering the dropout rate in similar studies
using BP, a dropout rate of 17.7% might be acceptable, and
this rate can possibly affect the outcomes.
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