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Abstract. It has been indicated that proton pump inhibitor (PPI) 
use is associated with a loss of the anti‑fracture efficacy of alen-
dronate (AD). However, there are few prospective studies that 
have investigated the efficacy of AD on lumbar bone mineral 
density (BMD) in osteoporotic patients who are using PPIs. 
Thus, the aim of the present study was to investigate the efficacy 
of alfacalcidol (AC) and AD on lumbar BMD in osteoporotic 
patients using PPIs. A prospective, randomized, active control 
study enrolled such osteoporotic patients (age, ≥50 years). The 
patients were randomly assigned to receive AC (1 µg/day) or 
AD (35 mg/week) and were followed up for one year. Patient 
profiles were maintained, and lumbar BMD, bone‑specific 
alkaline‑phosphatase (BAP) and collagen type‑I cross‑linked 
N‑telopeptide (NTX), upper gastrointestinal endoscopy results, 
and the frequency scale for the symptoms of gastroesophageal 
reflux disease (FSSG) were evaluated. Percentage changes in 
lumbar BMD, NTX, BAP, and change in FSSG score from base-
line to the end of one year of treatment were investigated. Sixteen 
patients were eligible for analysis (eight assigned to receive AC, 
eight assigned to receive AD). The percentage change in lumbar 
BMD from baseline to the end of treatment was ‑0.4±4.0% for 
the AC group vs. 6.8±6.3% for the AD group (P=0.015). No 
significant percentage change of BAP and NTX between the two 
groups was observed. Subsequent to one year of treatment, the 
FSSG score did not change from the baseline values for either 
study group, and no new bone fractures or esophagitis were 
observed in either group of patients. The findings demonstrated 
that in osteoporotic patients using concomitant PPIs, there was 
a greater increase in lumbar BMD after one year of treatment 
with AD compared with AC. However, the number of study 

subjects was small; thus, further, large prospective studies are 
required to determine the effect of AD in osteoporotic patients 
using concomitant PPIs.

Introduction

With a rapidly aging population, osteoporosis is a significant 
concern in Japan. While it is asymptomatic, osteoporosis 
progresses gradually, leading to hip and lumbar fractures, which 
may require extended nursing care and threaten life expec-
tancy (1). Therefore, prevention of osteoporosis is important and 
the efficacy of bisphosphonates in osteoporosis treatment has 
been supported by previous studies (2). However, side effects of 
bisphosphonate use are gastrointestinal (GI) disorders (3,4). In 
the ‘super‑aging’ Japanese society, consumption of non‑steroidal 
anti‑inflammatory drugs (NSAIDs) and aspirin increases with 
the greater incidence of joint, ischemic heart and cerebrovas-
cular diseases, with NSAID‑induced GI disorders becoming an 
increasing concern (5,6). In addition, gastric acid secretion in 
Japanese patients has gradually increased due to a trend towards 
Westernized eating habits (7) and a decrease in Helicobacter 
pylori infections, with the number of gastroesophageal reflux 
disease (GERD) patients also increasing rapidly (8). Proton 
pump inhibitors (PPIs) are key first‑line therapeutic strategies for 
the treatment of NSAID‑induced ulcers and GERD (9). PPIs are 
often administered as a long‑term treatment, and it is common 
for PPIs to be used concomitantly with bisphosphonates. A 
previous study suggested that PPI use was associated with a 
dose‑dependent loss of the anti‑fracture efficacy of alendronate 
(AD)  (10). However, there are few prospective studies that 
investigate the efficacy of AD on lumbar bone mineral density 
(BMD) in osteoporotic patients using concomitant PPIs. The 
aim of the present study was to investigate the efficacy of AD on 
lumbar BMD in osteoporotic patients using concomitant PPIs, 
comparing the effects versus alfacalcidol (AC) in a prospective, 
randomized, open‑label, comparative study.

Materials and methods

Study design. The present study was conducted as a prospec-
tive, randomized, open‑label, active control, comparative, 
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single‑center study. From  2009 until  2013 at Juntendo 
University Hospital (Tokyo, Japan), osteoporotic patients (age, 
≥50 years) who were using PPIs were enrolled in the study. 
After assignment to the AC (1 µg/day) or AD (35 mg/week) 
groups, the patients were followed up for one year of treat-
ment. The AD group patients took the medication in the early 
morning (after an overnight fast) with a glass of plain water, 
and were instructed to remain upright for ≥30 min before 
consuming the first food of the day. Patients from the two 
groups were prohibited from taking any other medication 
affecting bone or calcium metabolism during the treatment 
period. Patient profiles [age, gender, body mass index (BMI), 
alcohol consumption, smoking, comorbidities (type 2 diabetes 
mellitus and hypertension)] and ongoing concomitant medi-
cations [calcium channel blockers (CCBs), low‑dose aspirin 
(LDAA), and 3‑hydroxy‑3‑methylglutaryl‑coenzyme  A 
(HMG‑CoA) reductase inhibitors] were evaluated. BMI was 
calculated as body weight divided by the square of body 
height in meters (kg/m2). Patients that had used standard 
doses of CCBs, LDAA, or HMG‑CoA reductase inhibitors 
for >6 months were identified as users of that specific therapy. 
We defined the cases that used the usual dose of PPIs (10 mg 
rabeprazole or 20 mg omeprazole or 30 mg lansoprazole) for 
>6 months as users of that specific therapeutic strategy. The 
study was conducted in accordance with the Declaration of 
Helsinki. The Juntendo University Ethics Committee approved 
this study protocol (reference no. 207‑028) and patients signed 
an Ethics Committee‑approved informed consent document.

Exclusion criteria. Patients with osteoporosis were selected 
for the present study, however, certain individuals were 
excluded according to the following criteria: Patients who 
were currently or previously being treated with glucocor-
ticoids, hormone replacement therapy, thyroid/parathyroid 
medication, psychotropic medication, anticonvulsants, selec-
tive estrogen receptor modulators or calcium were excluded. 
Patients with the following conditions were also excluded: 
Gastrectomy, inf lammatory bowel disease, malignant 
disease (gastric, esophageal, colon, lung, pancreatic, liver, 
bile duct, gallbladder, breast, uterine, ovarian, prostate, and 
bladder cancer, malignant lymphoma, leukemia and multiple 
myeloma), chronic kidney disease, type 1 diabetes mellitus, 
hypo/hyper‑thyroidism, hypo/hyper‑parathyroid disorder, 
rheumatoid arthritis (including other collagen diseases), and 
those female patients who were premenopausal.

Measurement of lumbar BMD. BMD at lumbar vertebrae 2 
through 4 (L2‑4) was measured by dual‑energy X‑ray absorp-
tiometry using a Discovery DXA® system (Hologic; Bedford, 
MA, USA) and the presence of fragility fractures were inves-
tigated in the chest and lumbar spine using lateral vertebral 
X‑rays. The diagnosis of osteoporosis was performed in 
accordance with the 2000 version of the Japanese Diagnostic 
Criteria of the Japanese Society for Bone and Mineral 
Research (11). Degenerative lesions of the vertebrae were ruled 
out on diagnosing osteoporosis. An osteoporotic patient was 
defined as one having lumbar BMD values <70% of the young 
adult mean (YAM) in those without any prevalent fragility 
fracture. Osteoporosis was also defined as the presence of 
fragility fractures of any bone in a person with a BMD of 

<80% of the YAM. Percentage change of lumbar BMD was 
evaluated from baseline to the end of one year of treatment in 
the AC and AD groups.

Measurement of bone turnover markers. Serum bone‑specific 
alkaline‑phosphatase (BAP; a biomarker of bone formation) 
and serum collagen type I cross‑linked N‑telopeptide (NTX; 
a biomarker of bone resorption) were examined. Percentage 
changes of NTX and BAP from baseline to the end of one year 
of treatment were investigated in the AC and AD groups.

Upper GI findings and frequency scale for the symptoms of 
GERD (FSSG). The prevalence rate of upper GI endoscopy 
findings were analyzed, including reflux esophagitis (RE), 
hiatal hernia (HH) and peptic ulcer disease (PUD). RE was 
defined as grade A, B, C, or D according to the Los Angeles 
Classification (12), and PUD as a gastric and/or duodenal ulcer 
or ulcer scar. HH was defined as an apparent separation of the 
esophagogastric junction and diaphragm impression by >2 cm 
at endoscopy. The FSSG score was established via question-
naire (13). Changes in the FSSG score from the baseline to 
the end of one year of treatment, and findings of upper GI 
endoscopy (RE, HH and PUD) at baseline and the end of one 
year of treatment were evaluated.

Endpoint. In addition, the safety of use of the two therapeutic 
agents over time was evaluated by assessing the side effects 
experienced by patients in each group.

Statistical analysis. The baseline characteristics were 
compared between the AC and AD groups by paired t‑test or 
Fisher's exact test. The percentage change from baseline to 
the end of one year of treatment for lumbar BMD, NTX, and 
BAP was investigated by paired t‑test. The change of FSSG 
score from baseline to the end of one year of treatment in each 
group was also investigated by paired t‑test and P<0.05 was 
considered to indicate a statistically significant difference.

Results

Baseline characteristics. Of the 22 patients enrolled in the 
present study, six were excluded from evaluation [three 
patients in the AC group (one was excluded due to medica-
tion side effects, one due to other disease, and one dropped 
out of the study) and three patients in the AD group (one due 
to medication side effects and two dropped out of the study)].

The baseline characteristics are summarized in Table I. Of 
the 16 eligible patients, eight received AC treatment and eight 
received AD treatment. In the AC and AD groups, respec-
tively, 1 case vs. 3 cases received rabeprazole; 5 cases vs. 
1 case received omeprazole; and 2 cases vs. 4 cases received 
lansoprazole. As shown in Table I, there were no significant 
differences in baseline characteristics between the two treat-
ment groups. There were no patients with fractures at the 
beginning of the study.

Lumbar BMD. Baseline values of lumbar BMD were 
0.62±0.14 g/cm2 for the AC group and 0.70±010 g/cm2 for the 
AD group (P=0.182). Following one year of treatment, the 
lumbar BMD values were 0.61±0.12 g/cm2 for the AC group 
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Table I. Patient baseline characteristics.

Patient profile	 Total (n=16)	 Alfacalcidol (n=8)	 Alendronate (n=8)	 P-value

Age, years	 64.1±9.0	  64.9±10.1	 63.3±8.4	 0.730
Gender, n (%)				    1.000
  Male	 4 (25.0)	 2 (25.0)	 2 (25.0)	
  Female	 12 (75.0)	 6 (75.0)	 6 (75.0)	
Body mass index (kg/m2)	 20.8±3.8	 19.6±3.0	 21.9±4.3	 0.230
Alcohol consumption, n (%)				    1.000
  Non-drinker	 15 (93.8)	 7 (87.5)	 8 (100.0)	
  Drinker	 1 (6.2)	 1 (12.5)	 0 (0.0)	
Smoking, n (%)					     0.569
  Non-smoker	 12 (75.0)	 7 (87.5)	 5 (62.5)	
  Smoker	 4 (25.0)	 1 (12.5)	 3 (37.5)	
Comorbidities				  
  Diabetes mellitus, n (%)					     1.000
    No	 15 (93.8)	 7 (87.5)	 8 (100.0)	
    Yes	 1 (6.2)	 1 (12.5)	 0 (0.0)	
  Hypertension, n (%)					     0.569
    No	 12 (75.0)	 7 (87.5)	 5 (62.5)	
    Yes	 4 (25.0)	 1 (12.5)	 3 (37.5)	
Concomitant medications				  
  Calcium channel blocker, n (%)					     1.000
    Non-user	 13 (81.3)	 7 (87.5)	 6 (75.0)	
    User	 3 (18.7)	 1 (12.5)	 2 (25.0)	
  Low dose aspirin, n (%)					     1.000
    Non-user	 10 (62.3)	 5 (62.5)	 5 (62.5)	
    User	 6 (37.6)	 3 (37.5)	 3 (37.5)	
  3-hydroxy-3-methylglutaryl-coenzyme A					     1.000
  reductase inhib-itors, n (%)	
    Non-user	 11 (68.8)	 6 (75.0)	 5 (62.5)	
    User	 5 (31.2)	 2 (25.0)	 3 (37.5)	
Bone turnover marker				  
  Bone-specific alkaline phos-phatase, U/l	 25.4±7.8	 27.4±8.4	 23.5±7.1	 0.338
  Collagen type I cross-linked	 14.0±6.0	 12.4±1.9	 15.6±8.3	 0.302
  N telopeptide, nnmol BCE/l
Lumber dual-energy X-ray				  
absorptiometry
  Bone mineral density, g/cm2	   0.66±0.12	  0.62±0.14	  0.70±0.10	 0.182
Upper gastrointestinal find-ings				  
  Reflux esophagitis, n (%)				    1.000
    No	 16 (100.0)	 8 (100.0)	 8 (100.0)	
    Yes	 0 (0.0)	 0 (0.0)	 0 (0.0)	
  Hiatal hernia, n (%)				    0.608
    No	 10 (62.3)	 4 (50.0)	 6 (75.0)	
    Yes	 6 (37.6)	 4 (50.0)	 2 (25.0)	
  Peptic ulcer disease, n (%)				    0.569
    No	 12 (75.0)	 5 (62.5)	 7 (87.5)	
    Yes	 4 (25.0)	 3 (37.5)	 1 (12.5)	
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and 0.75±010 g/cm2 for the AD group. The percentage changes 
in lumbar BMD from baseline to the end of one year of therapy 
were ‑0.4±4.0% for the AC group and 6.8±6.3% for the AD 
group, with significantly effective lumbar BMD findings iden-
tified in the AD group (P=0.015; Fig. 1).

Bone turnover markers. The baseline values of bone turnover 
markers in the AC and AD groups, respectively were as 
follows: BAP (U/l), 27.4±8.4 vs. 23.5±7.1 (P=0.338); NTX 
(nmol BCE/l), 12.4±1.9 vs. 15.6±8.3 (P=0.302). After one year 
of treatment, the values of bone turnover markers in the AC and 
AD groups, respectively were as follows: BAP (U/l), 23.6±7.3 
vs. 15.1±4.1; NTX (nmol BCE/l), 12.8±4.5 vs. 12.6±8.7. When 
comparing the percentage change between baseline and the 
end of one year of treatment, the AC group demonstrated less 
of a change over time in BAP (‑12.1±25.5%) compared with 
the AD group (‑32.7±21.7%) (P=0.103), and less of a change 
over time in NTX (+2.4±25.7%) compared with the AD group 
(‑15.9±21.3%) (P=0.143); although the difference was not 
statistically significant (Figs. 2 and 3).

Upper GI findings. Baseline findings of the upper GI endoscopy 
(Table I) indicated no RE in either treatment group, HH in 50.0% 
of the AC group vs. 25.0% of the AD group (P=0.608), PUD 
in 37.5% of the AC group vs. 12.5% of the AD group (P=0.569). 
No novel findings of RE or PUD were observed from baseline 
to the end of one year of treatment in either group.

FSSG score. The mean baseline values for FSSG were 3.6±3.0 
for the AC group vs. 9.4±7.2 for the AD group (P=0.056). After 
one year of treatment, the mean FSSG values were 4.5±2.8 for 
the AC group and 8.3±5.1 for the AD group. The change from 
baseline FSSG scores to the end of one year of treatment was 
not significantly different in either group (AC group, P=0.556; 
AD group, P=0.723), respectively (Fig. 4).

Safety analysis. Of the 22 patients that participated in this 
study, six patients were excluded as mentioned above. In each 
group, the side effect was mild nausea and the frequency of side 
effects was the same between the two study groups (one case 
in each group). New bone fractures were not observed from 
baseline to the end of one year of treatment in either group.

Discussion

To the best of our knowledge, this is the first prospective, 
randomized, open‑label study to investigate the therapeutic 
efficacy of AC and AD, as estimated by lumbar BMD changes 

in osteoporotic patients using concomitant PPIs. Although a 
recent prospective study comparing AD and AC indicated 
that AD was more efficacious than AC in increasing lumber 
BMD (14), the current study of osteoporotic patients using 
PPIs demonstrated that lumbar BMD change following a 
one‑year treatment with AD was greater than that observed 
with AC treatment. Furthermore, a previous report indicated 
that PPI use was associated with a dose‑dependent loss of 
AD anti‑fracture efficacy (10). According to certain Japanese 
prospective studies, the lumbar BMD increase at one year 
after AD treatment was ~6% (14,15) and in the current study, 

Figure 1. Percentage change of lumbar BMD from baseline to one year after 
treatment in the AC and AD groups. The percentage change in lumbar BMD 
from baseline to the end of one year of therapy was ‑0.4±4.0% for the AC 
group and 6.8±6.3% for the AD group (P=0.015). Thus, there was a greater 
increase in lumbar BMD after one year of treatment with AD compared with 
AC. BMD, bone mineral density; AC, alfacalcidol; AD, alendronate.

Figure 2. Percentage change of NTX from baseline to one year after treatment 
in the AC and AD groups. In the AC and AD groups, the percentage change 
of NTX was 2.4±25.7% vs. ‑15.9±21.3% (P=0.143), with no significant differ-
ence in percentage change of NTX between the two groups. NTX, collagen 
type‑I cross‑linked N‑telopeptide; AC, alfacalcidol; AD, alendronate.

Table I. Continued.

Patient profile	 Total (n=16)	 Alfacalcidol (n=8)	 Alendronate (n=8)	 P-value

Questionnaire				  
  Frequency scale for the symptoms	   6.5±6.1	  3.6±3.0	 9.4±7.2	 0.056
  of gastroesopha-geal reflux disease score

Values are presented as means ± standard deviation.
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the lumbar BMD increase after one year of AD treatment 
in osteoporotic patients using PPIs (6.8%) was similar to a 
previous study. However, a limitation of the present study was 
that the number of study subjects was small; thus, further large 
prospective studies are required to determine the effect of AD 
in osteoporotic patients using concomitant PPIs.

It is hypothesized that PPIs attenuate the therapeutic 
effect of bisphosphonate as follows: PPIs may decrease the 

absorption of calcium; the dissolution of calcium carbonate is 
a pH‑dependent process and gastric pH is particularly impor-
tant for calcium absorption (16). As PPIs strongly suppress 
gastric acid secretion, the dissolution of calcium carbonate 
is inhibited by gastric juice with a high pH and, as a result, 
calcium absorption may decrease. Similarly, an association 
between PPI use and bone fracture is suggested in western 
countries  (17); however, certain studies did not report any 
association between PPI use and bone fracture (18) and there 
are few prospective studies regarding the association between 
PPI use and bone fracture.

It was reported that the occurrence of GI adverse events was 
an independent determinant of persistence with bisphospho-
nate therapy (19) and adherence to bisphosphonate treatment 
may decrease due to GI adverse events. However adherence to 
the bisphosphonate treatment schedule was good in the present 
study (data not shown).

It was reported that PPIs suppress bone resorption adversely 
by inhibiting the vacuolar proton pump of the osteoclast (20). 
However, it was reported that the concentrations of PPIs 
required for the inhibition of the osteoclast proton pump are 
markedly higher than the tolerable physiological concentra-
tions (21). Gertz et al (22) reported that increasing gastric pH 
by infusion of ranitidine was associated with a doubling of AD 
bioavailability. Recently, Itoh et al (23) reported that risedro-
nate administration in combination with a PPI may be more 
effective for treating osteoporosis and for improving physical 
fitness than treatment with risedronate alone, although they 
evaluated the BMD of the trabecular bone using quantitative 
computer tomography (23).

According to previous reports, the lumbar BMD increase 
following one year of AC treatment was ~1% (24,25), while 
the current study indicated a lumbar BMD change of ‑0.4% 
after one year of AC treatment. It was previously reported that 
bisphosphonates reduce ~50% of bone turnover markers (15); 
however, no significant difference in bone turnover markers 
was identified in the present study. A limitation of the current 
investigation was that the number of study subjects was small; 
therefore, the effect of AD on bone turnover markers may not 
have been apparent.

It was suggested that osteoporotic patients exhibiting lumbar 
pressure fractures or kyphosis are at risk of GERD (26,27). 
Miyakoshi et al (28) also reported that increases in the angle 
of lumbar kyphosis and the number of lumbar vertebral frac-
tures may represent very important risk factors for GERD in 
osteoporotic patients. However, there are few reports about 
the association between GERD symptoms using FSSG and 
bisphosphonates. In the current study, the FSSG score did not 
change after the one‑year treatment with AD; therefore, the 
increase in GERD symptoms triggered by long‑term use was 
not observed.

Since there were no significant changes in frequency or 
severity of side effects in the two treatment groups in this 
study, concomitant PPI use with AD may present as a safe 
therapeutic strategy. Furthermore, no increased findings of RE 
or PUD were observed over the one year of treatment with 
either AD or AC. As the residence time in the esophagus of 
the medication was considered a mechanism of the risk for 
esophagitis (4), the patients in the current study were instructed 
comprehensively about the appropriate dosing regimen (taking 

Figure 3. Percentage change of BAP from baseline to one year after treat-
ment in the AC and AD groups. In the AC and AD groups, the percentage 
change of BAP was ‑12.1±25.5% vs. ‑32.7±21.7% (P=0.103), with no signifi-
cant difference in percentage change of BAP between the two groups. BAP, 
bone‑specific alkaline‑phosphatase; AC, alfacalcidol; AD, alendronate.

Figure 4. Change of FSSG from baseline to one year after treatment in the 
AC and AD groups. (A) The mean baseline value for FSSG was 3.6±3.0, and 
the mean value after one year of treatment was 4.5±2.8 in the AC group. The 
change from baseline FSSG scores to the end of one year of treatment was 
not significantly different in the AC group (P=0.556). (B) The mean baseline 
value for FSSG was 9.4±7.2, and the mean value after one year of treatment 
was 8.3±5.1 in the AD group. The change from baseline FSSG scores to the 
end of one year of treatment was not significantly different in the AD group 
(P=0.723). FSSG, frequency scale for the symptoms of gastroesophageal 
reflux disease score; AC, alfacalcidol; AD, alendronate.
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a tablet with enough water and remaining upright for ≥30 min 
before the first food of the day).

There were certain limitations of the current study. 
The study was not a double‑blind trial, but an open‑labeled 
study. The number of study subjects was particularly small; 
therefore, a large prospective multicenter trial is required. 
Furthermore, patients used different PPIs, which may have 
influenced certain results, such as lumbar BMD and the FSSG 
score. Family histories of osteoporosis or certain other impor-
tant risk factors, such as exercise, sunlight exposure, dietary 
calcium intake, or the use of over‑the‑counter medication and 
other nutrients were not investigated.

In conclusion, the present study demonstrated via lumbar 
BMD change that a one‑year treatment with AD was more 
efficacious than with AC in osteoporotic patients using PPIs. 
Furthermore, as with previous reports, the percentage change 
in lumbar BMD following one year of AD treatment was 
similar (6.8%) in osteoporotic patients using PPIs. However, 
additional, large prospective multicenter trials are required to 
further clarify the efficacy of bisphosphonate administration 
with PPIs in osteoporosis treatment.
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