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A B S T R A C T

Background: Bone loss is highly prevalent after gastrectomy in gastric cancer patients. Therefore, the efficacy of
medical treatment should be evaluated in patients undergoing gastrectomy.
Methods: We conducted an unblinded, randomized controlled trial of patients who underwent gastrectomy to
treat gastric cancer. The intention-to-treat participants (n=107) were randomly assigned to receive either
alendronate at a weekly dose of 70mg and daily elemental calcium (500mg) with cholecalciferol (1000 IU) or
daily elemental calcium (500mg) with cholecalciferol (1000 IU) only. The primary endpoint was defined by the
changes in bone mineral density of four measurement sites: the lumbar spine, femur neck, total hip, and tro-
chanter. Changes in bone turnover markers, osteocalcin and collagen I carboxyterminal telopeptide were also
observed.
Results: At baseline, there were no differences between the two groups in bone mineral density. In the lumbar
spine and trochanter, there were no significant percentage changes compared with the baseline in the alen-
dronate group, but a significant decrease was noted in the control group (p < 0.001 for both lumbar spine and
trochanter). In the femur neck and total hip, a larger decrease was observed compared with the baseline in the
control group (p < 0.001 for both femur neck and total hip). Significant percentage increases in serum os-
teocalcin compared with baseline were noted in the control group (p for trend<0.001), but there was no change
in the alendronate group (p for trend=0.713). Collagen I carboxyterminal telopeptide significantly declined in
the alendronate group over 12months (p for trend<0.001).
Conclusions: Prevention and treatment with bisphosphonate effectively reduces bone loss by suppressing bone
resorption in gastric cancer patients undergoing gastrectomy.

1. Introduction

Osteoporosis is a systemic skeletal disorder characterized by com-
promised bone density and bone quality with a consequent increase in
bone fragility [1,2]. Osteoporosis is classified as either primary or
secondary. Primary osteoporosis, the most common form of the disease,

includes Type 1 (postmenopausal osteoporosis) and Type 2 (senile os-
teoporosis). Osteoporosis that is caused by other medical disorders or
exposure to medication is referred to as secondary osteoporosis [3].

Gastric cancer is still the fourth most prevalent form of cancer
worldwide despite its declining incidence [4]. Although the overall
prognosis for recovery remains poor in patients with advanced gastric
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cancer [5], the survival rate for early gastric cancer patients in Korea
exceeds 90% as a result of aggressive surgical intervention [6]. Curative
treatment such as gastrectomy, can improve survival outcomes but may
result in malabsorption of calcium and vitamin D with consequent in-
creased parathyroid hormone, eventually leading to bone loss [7,8].
Gastrectomy is one of the major causes of secondary osteoporosis, and
significant bone loss occurs after both gastrectomy for gastric cancer
treatment and bariatric surgery for obesity, particularly in Roux-en-Y
bypass [9–11]. Previously, we performed a prospective study to de-
scribe short-term changes in bone mineral density and bone turnover
markers after gastrectomy for gastric cancer and found that a rapid
increase in bone resorption and bone loss occurred after gastrectomy
[7].

Calcium, vitamin D, and bisphosphonate have been used for the
treatment of osteoporosis after gastrectomy [12–15]. Among these
treatments, previous studies on the effects of bisphosphonates in the
treatment of osteoporosis after gastrectomy are noteworthy [14,15].
Bisphosphonates inhibit bone resorption by inhibiting osteoclast func-
tion and inducing osteoclast apoptosis [16]. Bisphosphonates represent
most of the prescriptions for osteoporosis treatment with proven anti-
fracture efficacy in patients with osteoporosis [17,18]. Based on the
mechanism of inhibiting bone resorption, bisphosphonates may impact
bone and mineral metabolism in gastric cancer patients with gas-
trectomy. Previously, our observations suggested that anti-resorptive
treatment could be effective, since bone resorption is prevalent im-
mediately after gastrectomy [7]. Therefore, we aimed to evaluate the
effects of bisphosphonate on bone and mineral metabolism after gas-
trectomy.

2. Patients and methods

2.1. Patients and sample collection

We conducted an unblinded randomized controlled trial to de-
termine the efficacy of alendronate in the prevention of bone loss in
gastric cancer patients. The intention-to-treat (ITT) subjects (n=107)
who were diagnosed with gastric adenocarcinoma were randomly as-
signed (1:1 ratio) to receive either alendronate at a dose of weekly
70mg and daily elemental calcium (500mg) as calcium carbonate with
cholecalciferol (1000 IU) (alendronate group) or daily elemental cal-
cium (500mg) as calcium carbonate with cholecalciferol (1000 IU) only
(control group) for 12months starting from 1week after the operation.
A study identification number generated from the web-based software
(Research Randomizer®) was used to randomly assign patients into two
groups. Patients with even study identification numbers were assigned
to the alendronate group, and those with odd study identification
numbers were assigned to the control group. Fifty-five patients were
included in the alendronate group, and 52 patients were included in the
control group (Fig. 1). The Entire ITT population has at least one
baseline and post-baseline efficacy assessment. In per-protocol set
analysis, 35 subjects were analyzed in each group. Fifty-five patients
were included in the alendronate group, and among these patients, 35
were eligible for the analysis. Of the 20 ineligible patients, those who
died (n=1), underwent incomplete gastrectomy (n= 4), were lost to
follow-up (n= 4), and withdrew their consent (n= 11) were excluded.
In the control group, 52 patients were included, and 35 patients were
eligible for the analysis. Among the 17 ineligible patients, those who
underwent incomplete gastrectomy (n=5), were lost to follow-up
(n=4), and withdrew their consent (n=8) were excluded. A total of
70 patients (35 patients in the alendronate group, 35 in the control
group) were eligible for the per-protocol set analysis. Blood was sam-
pled after overnight fasting for the evaluation of serum calcium,
phosphorus, creatinine, albumin, parathyroid hormone (PTH), 25-hy-
droxyvitamin D, and bone turnover marker levels (osteocalcin and
collagen I carboxyterminal telopeptide (CTx)) before gastrectomy and
at 1, 3, 6, 9 and 12months after gastrectomy. Serum calcium was

corrected for changes in serum albumin concentration according to the
following formula: corrected calcium (mg/dl)= actual cal-
cium+ (4− serum albumin)× 0.8. Bone Mineral Density (BMD) was
measured prior to and at 6 and 12months after gastrectomy. Body
weight was measured prior to and at 1, 3, 6, 9, and 12months after the
surgery. This study protocol was reviewed and approved by the In-
stitutional Review Board of Yeouido St. Mary's Hospital (Seoul, Korea)
and all patients signed an informed consent form before entering the
study (SCMC06MI104).

2.2. Assays

The serum calcium, phosphorus, albumin, and creatinine levels
were determined using an autoanalyzer (747 automatic analyzer,
Hitachi, Tokyo, Japan). The serum osteocalcin (Elecsys Osteocalcine,
Roche Diagnostics, Rotkreuz, Switzerland), CTx (Elecsys B-CrossLaps,
Roche Diagnostics, Rotkreuz, Switzerland), and PTH (intact PTH,
Elecsys PTH, Roche Diagnostics, Rotkreuz, Switzerland) concentrations
were determined in duplicate using an ECLIA (Cobas e 801, Roche
Diagnostics, Rotkreuz, Switzerland). 25-Hydroxyvitamin D (Access
25(OH) Vitamin D Total DXI reagent, Beckman Coulter, Inc., Brea, CA)
was measured using a UniCel DxI 800 Immunoassay Analyzer
(Beckman Coulter, Inc., Brea, CA). The maximum inter- and intra-assay
coefficients of variation (CV) for the range of concentrations evaluated
were 7.7% and 5.4% for osteocalcin and 10.7% and 3.6% for CTx, 4.4%
and 3.7% for PTH, and 4.6% and 2.8% for 25-hydroxyvitamin D, re-
spectively.

2.3. Bone densitometry

The BMD of the lumbar spine (lumbar vertebrae L1–L4) and the
BMD of the total hip, femoral neck, and trochanter were measured by
dual-energy X-ray absorptiometry using a Hologic Delphi W (Hologic
Inc., Bedford, MA) before gastrectomy and at 6 and 12months after
gastrectomy. The coefficient of variation was determined to be 1.2% at
the lumbar spine and 1.9% at the femoral neck.

2.4. Statistical analysis

All the data were analyzed using SPSS Version 20.0 for Windows
statistical software (SPSS, Inc., Chicago, IL). The data are presented as
the means± standard deviation, unless otherwise stated. Graphics
were produced using GraphPad Prism v 5.0 (GraphPad Software, Inc.,
San Diego, CA). In the evaluation of clinical features, the chi-square test
was used for the analysis of categorical variables, and Student's t-test
was used for the analysis of continuous variables. The mean percentage
changes for BMD and other biochemical markers from baseline were
analyzed by using a repeated measure analysis of variation (ANOVA)
and Dunnett's method, if appropriate. p-Values< 0.05 were considered
to represent statistically significant results for all of the comparisons.
For the ITT analysis, the latest available value of the outcome was
carried over to the missing value when an outcome measure was
missing due to loss to follow-up.

3. Results

3.1. Baseline characteristics

Clinical characteristics at baseline are summarized in Table 1. Most
of the patients were men (70.9% in the alendronate group and 71.2% in
the control group). Serum calcium was lower in the alendronate group
(8.4 ± 0.5 in the alendronate group vs. 8.7 ± 0.6 in the control
group, p= 0.037). Serum PTH was higher in the alendronate group
(61.9 ± 28.5 in the alendronate group vs. 53.3 ± 24.7 in the control
group, p= 0.072). Serum osteocalcin and CTx were not significantly
different between the two groups. There was no significant difference in
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baseline BMD for all four measurement sites between the two groups.

3.2. Percentage changes in bone turnover markers

Percentage changes in serum osteocalcin and serum CTx levels be-
fore and after 12months of treatment were analyzed (Table 2, Sup-
plement Fig. 1). Significant differences between the two groups were
maintained throughout the study period (Supplement Fig. 1). In the
within group analyses, significant percentage increases of serum os-
teocalcin compared with baseline were noted in the control group (p for
trend<0.001), but there was no change in the alendronate group (p
for trend=0.713). CTx increased until 3 months after gastrectomy
followed by a slight decrease in the control group, whereas it declined
rapidly during the study period in the alendronate group (p for
trend<0.001).

3.3. Changes in serum calcium and phosphorous level

The alendronate group maintained lower corrected serum calcium
and phosphorous levels throughout the study period. However, the
corrected serum calcium and phosphorous remained within the normal
range in both groups (Table 3).

3.4. Changes in serum PTH and 25-hydroxyvitamin D level

PTH showed reductions throughout the study period in both groups.
However, PTH remained higher in the alendronate group than in the
control group after gastrectomy (Table 3). 25-Hydroxyvitamin D was

Fig. 1. Enrollment, randomization, and follow-up of participants (ITT population).

Table 1
Baseline characteristics of patients (ITT population).

Alendronate group
(n= 55)

Control group
(n= 52)

p-Value

Age (yr) 57.1 ± 3.2 56.7 ± 2.9 0.361
Male, n (%) 39 (70.9%) 37 (71.2%) 0.427
BMI (kg/m2) 22.9 ± 2.5 23.1 ± 2.4 0.709
Type of surgery, n (%) 0.616
Total gastrectomy, n (%) 9 (16.4%) 8 (15.4%)
Subtotal gastrectomy, n
(%)

46 (83.6%) 44 (84.6%)

Serum calcium (mg/dl) 8.4 ± 0.5 8.7 ± 0.6 0.037
Serum phosphorous (mg/

dl)
3.6 ± 0.9 3.7 ± 0.7 0.713

Serum PTH (pg/mL) 61.9 ± 28.5 53.3 ± 24.7 0.072
Serum 25-hydroxyvitamin

D (ng/mL)
15.8 ± 5.4 16.3 ± 5.8 0.584

Serum osteocalcin (ng/ml) 16.2 ± 6.0 17.1 ± 5.6 0.391
Serum CTx (ng/ml) 0.55 ± 0.21 0.61 ± 0.26 0.216
Baseline BMD (g/cm2)
Lumbar spine 0.894 ± 0.161 0.881 ± 0.112 0.543
Femur neck 0.766 ± 0.111 0.770 ± 0.123 0.246
Total hip 0.886 ± 0.122 0.913 ± 0.114 0.198
Trochanter 0.651 ± 0.107 0.682 ± 0.130 0.251

Continuous variables are presented as mean ± standard deviation; categorical
variables are presented as number (percentage); ITT, intention-to-treat; BMI,
body mass index; PTH, parathyroid hormone; CTx, C-terminal telopeptide of
type 1 collagen; BMD, bone mineral density.

Table 2
Percentage changes in born turnover markers during the study period.

1month 3months 6months 9months 12months p for trend

(a) Alendronate group
OC −6.8 ± 24.4 −2.6 ± 25.9 −10.1 ± 44.5 −7.5 ± 48.1 −6.5 ± 46.0 0.713
CTx −39.7 ± 31.5⁎ −42.7 ± 38.0⁎ −55.9 ± 25.4⁎ −61.9 ± 21.7⁎ −62.6 ± 19.5⁎ <0.001

(b) Control group
OC 10.7 ± 24.7 50.7 ± 48.0⁎ 62.9 ± 61.4⁎ 90.3 ± 69.3⁎ 88.9 ± 68.2⁎ <0.001
CTx 17.4 ± 53.4 35.7 ± 62.8 14.0 ± 57.1 −7.9 ± 49.4 −6.8 ± 43.6 0.029

OC, osteocalcin; CTx, collagen I carboxyterminal telopeptide; p-value by one-way ANOVA and post-hoc analysis; Dunnett's method was applied for post-hoc analysis;
unit for OC (ng/ml) and CTx (ng/ml).

⁎
p < 0.05 compared with the baseline.
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continuously increased during the study period. However, there was no
significant difference between the two groups.

3.5. Percentage changes in BMD

Percentage changes in BMD from the baseline to 6 and 12months
after gastrectomy were analyzed. There were significant differences at
all measurement sites between the two groups at 6 and 12months
(Table 4). In the alendronate group, no significant changes were ob-
served in the lumbar spine or trochanter during the observation period.
However, the femur neck BMD decreased significantly from baseline
(Fig. 2a). Total hip BMD decreased at 6months and then recovered at
12months (Table 4, Fig. 2a). In the control group, it was confirmed that
percentage change of BMD at all measured sites had significantly de-
clined (Table 4, Fig. 2b). Lumbar spine was the largest site of decline
after gastrectomy in the control group (−6.88 ± 5.76% at 6months
and −8.39 ± 7.41% at 12months, p < 0.001 vs. baseline).

3.6. Adverse events and safety

There were no significant differences in rates of adverse events
between the two groups. In the alendronate group, dyspepsia, abdom-
inal pain, and acid reflux were reported in 3 (5.5%), 2 (3.6%), and 2
(3.6%) patients, respectively. Esophagitis confirmed by endoscopy was
reported in 1 (1.8%) patient. In the control group, dyspepsia and ab-
dominal pain were reported in 3 (5.8%) and 2 (3.8%) patients, re-
spectively. No serious adverse events were reported in both groups
during the study period. No fractures occurred in both groups during
the study.

4. Discussion

The current trial showed that weekly administration of alendronate

reduced bone loss and suppressed bone resorption in gastric cancer
patients after gastrectomy. This observation is in contrast to the control
group, which showed significant bone loss at all measurement sites
throughout the study period. For osteocalcin and CTx, two bone turn-
over markers, the differences between the two groups were more evi-
dent.

After gastrectomy, many patients develop dumping syndrome,
malnutrition, weight loss, anemia, or osteoporosis [19–21]. While
gastrectomy leads to increased patient's life expectancy, proper man-
agement of bone health in patients after gastrectomy has become in-
creasingly important. Studies on bone metabolism related to gas-
trectomy have been available since the 1950s and 1960s [22,23], but
full-scale studies have only been available since the introduction of
effective methods for evaluating bone metabolism. Atsumi et al. [24]
reported that alendronate and alendronate combined with active vi-
tamin D3 may prevent metabolic bone disease after an analysis of 14
gastrectomy patients. Another study by Lim et al. [14] evaluated the
efficacy of bisphosphonate for maintaining bone mineral density in
gastric cancer patients after gastrectomy. These authors concluded that
bisphosphonate may increase BMD and reduce fracture risk; however,
this study was limited because it was retrospective in design, and the
composition of bisphosphonate prescribed by gender was different. In
addition, the authors included subjects who underwent gastrectomy
several years ago. Our study differs in that bisphosphonate was ad-
ministered immediately after gastrectomy to confirm its efficacy.

Previously, we reported that a rapid increase in bone resorption and
bone loss occurred after gastrectomy [7]. In an analysis of 36 post-
gastrectomy patients, significant bone loss in the lumbar spine, femoral
neck, total hip, and trochanter were observed at 48 weeks compared
with the baseline. Significant elevation of PTH was also observed, and
we concluded that calcium and vitamin D supplementation would be
helpful to reduce bone loss by modulating secondary hyperparathyr-
oidism in gastrectomy patient [7]. It has also been suggested that the

Table 3
Changes in biochemical markers during the study period.

Baseline 1month 3months 6months 9months 12months p for trend

(a) Alendronate group
Calcium 8.4 ± 0.5 8.8 ± 0.4⁎ 8.8 ± 0.3⁎ 9.0 ± 0.5⁎ 9.1 ± 0.4⁎ 9.0 ± 0.4⁎ <0.001
Phosphorous 3.6 ± 0.9 3.2 ± 0.6 3.2 ± 0.6 3.4 ± 0.6 3.2 ± 0.6 3.3 ± 0.6 0.215
PTH 61.9 ± 28.5 44.9 ± 17.0 36.2 ± 13.6⁎ 32.7 ± 12.7⁎ 35.2 ± 13.0⁎ 33.0 ± 11.0⁎ <0.001
25(OH)D 15.8 ± 5.4 21.3 ± 4.9⁎ 25.1 ± 5.1⁎ 27.0 ± 4.3⁎ 28.6 ± 6.3⁎ 29.8 ± 6.9⁎ <0.001

(b) Control group
Calcium 8.7 ± 0.6 9.2 ± 0.4⁎ 9.2 ± 0.4⁎ 9.1 ± 0.6⁎ 9.3 ± 0.5⁎ 9.3 ± 0.3⁎ <0.001
Phosphorous 3.7 ± 0.7 3.6 ± 0.4 3.8 ± 0.5 3.7 ± 0.5 3.4 ± 0.6 3.6 ± 0.6 0.074
PTH 53.3 ± 24.7 26.3 ± 8.6⁎ 29.8 ± 12.3⁎ 28.5 ± 9.9⁎ 28.0 ± 11.4⁎ 24.8 ± 9.2⁎ <0.001
25(OH)D 16.3 ± 5.8 23.3 ± 4.2⁎ 26.1 ± 5.3⁎ 28.6 ± 7.2⁎ 31.0 ± 6.5⁎ 33.7 ± 6.4⁎ <0.001

PTH, parathyroid hormone; 25(OH)D, 25-hydroxyvitamin D; p-value by one-way ANOVA and post-hoc analysis; Dunnett's method was applied for post-hoc analysis;
unit for calcium (mg/dl), phosphorous (mg/dl), PTH (pg/mL), and 25(OH)D (ng/mL).

⁎
p < 0.05 compared with the baseline.

Table 4
Differences in the percentage change from baseline in BMD between groups.

6months 12months

Lumbar spine Femur neck Total hip Trochanter Lumbar spine Femur neck Total hip Trochanter

Alendronate 0.27 ± 4.27 −1.66 ± 3.95⁎ −1.32 ± 4.04 −0.44 ± 3.43 0.28 ± 5.20 −2.14 ± 4.15⁎ −0.39 ± 4.26 0.60 ± 3.84
Control −6.88 ± 5.76⁎ −3.83 ± 3.79⁎ −4.52 ± 8.53⁎ −4.03 ± 3.79⁎ −8.39 ± 7.41⁎ −7.48 ± 5.58⁎ −4.45 ± 3.78⁎ −4.86 ± 5.49⁎

p-Valuea < 0.001 0.018 0.041 <0.001 <0.001 <0.001 <0.001 <0.001

BMD, bone mineral density; mean ± standard deviation is presented; available number of subjects with at least one assessment (alendronate n=38, control
n= 37).

⁎
p < 0.05 compared with the baseline.

a Alendronate vs. control at each measurement site.
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absence of coupling between bone formation and resorption was the
cause of early bone loss in post-gastrectomy patients [7]. Based on our
previous research, we conducted a randomized controlled trial to de-
monstrate the efficacy of bisphosphonate on bone mineral density and
bone turnover markers in gastric cancer patients after gastrectomy. To
independently confirm the effect of bisphosphonate, calcium with vi-
tamin D supplementation was provided in both groups.

The pathogenesis of bone loss in gastric cancer patients who un-
dergo gastrectomy is not fully elucidated. Malabsorption is described as
a possible mechanism to explain bone loss after gastrectomy. Calcium is
primarily absorbed in the duodenum and is poorly absorbed after
physical alterations such as gastrectomy and anastomosis, which in turn
may have a negative effect on bone health [10,25]. However, in pre-
vious studies, serum calcium levels were reported to be maintained
within the normal range in patients after gastrectomy [25,26], which is
consistent with our results. Our previous data also supported the sup-
position that there was no significant change in calcium levels one year
after gastrectomy [7]. In the present study, calcium and vitamin D were
provided to both groups. There were no significant changes in serum
calcium level, but bone mass and bone turnover markers showed dif-
ferences between both groups. In the alendronate group, no significant
changes in BMD occurred at the lumbar spine and trochanter during the
study periods. There were significant decreases in the femur neck and
total hip BMD, but the rate of BMD decline in the femur neck was lower
than that of the control group. In the control group, the rate of bone loss
significantly increased at all measured sites. Lumbar spine exhibited the
highest rate of decline, but bone loss in the femur neck and total hip in
the control group was also prominent. A sustained PTH increase in-
duces osteoclast activity and inhibits osteoblast function [27]. In our
study, calcium with vitamin D supplementation appears to decrease
serum PTH level following gastrectomy. Because the use of bispho-
sphonate may cause transient hypocalcemia and secondary hyperpar-
athyroidism, PTH is maintained higher in the alendronate group than in
the control group. However, even with vitamin D supplementation
alone, PTH level would have remained above the baseline.

The compensatory increase in PTH is thought to result in a decrease
in the BMD of the cortical bone dominated femur neck, but bispho-
sphonate treatment seems to have overcome this decrease in BMD. High
PTH levels are associated with increased risk for fracture, in patients
with low vitamin D levels [28] and in patients with dialysis [29]. It is
necessary to further confirm whether the elevated PTH observed after
gastrectomy actually increases the risk of fracture.

We also confirmed that alterations in bone turnover markers may
provide important mechanistic clues for bone loss after gastrectomy. In
previous research on gastrectomy patients, urinary cross-linked N-
terminal peptide of type 1 collagen [15,30], serum tartrate-resistant
acid phosphatase [30], and serum carboxy-terminal telopeptide of type

I collagen [7] were assessed as bone resorption markers. We measured
CTx, which is currently recommended as the reference bone resorption
marker by the International Osteoporosis Foundation and the Interna-
tional Federation of Clinical Chemistry [31]. This measurement has
been well documented in the TRIO study, which compared the effects of
three oral bisphosphonates: alendronate, ibandronate, and risedronate
[32]. In the TRIO study, serum CTx decreased rapidly in the first
4 weeks of alendronate treatment [32]. Our study showed similar
changes in CTx after administration of alendronate, although the study
subjects were different from the TRIO, in which post-menopausal os-
teoporosis women were enrolled.

Roux-en-Y gastric bypass is a commonly performed procedure for
obesity [33]. Roux-en-Y gastric bypass is a restrictive and malabsorp-
tive procedure that directly connects a 15–30mL gastric pouch to the
jejunum [33]. Bariatric surgery has consistently shown efficacy in the
treatment of obesity [34], but it has an adverse effect on bone and
mineral metabolism [11,35,36]. Management guidelines recommend
bisphosphonate treatment for patients with osteoporosis undergoing
bariatric surgery [35], but there is insufficient evidence in regard to
methods to prevent the worsening of bone loss in patients without os-
teoporosis. Alendronate is a bisphosphonate that is widely used in the
treatment of osteoporosis. Current guidelines suggest that alendronate
has proven anti-fracture efficacy against vertebral, nonvertebral, and
hip fractures in post-menopausal osteoporosis and against vertebral
fractures in male osteoporosis [37]. Long-term data are required, but it
is expected that alendronate treatment could be applicable in patients
with bariatric surgery based on our finding that alendronate was ef-
fective in preventing bone loss after gastrectomy. However, there are
many differences between gastrectomy and bariatric surgery in patho-
physiology, surgical procedure, postoperative management, and mag-
nitude of bone loss. All of these issues should be clearly discussed and
studied before bisphosphonates are confidently applicable to patients
with bariatric surgery.

Some limitations of this study should be noted. First, calcium bi-
carbonate was administered as elemental calcium supplementation.
Calcium citrate is recommended to improve bioavailability in patients
with gastrectomy [38]. In Korea, calcium citrate became available in
clinical practice only relatively recently, and it was not available at the
time of this study. Second, bone turnover markers are affected by many
different factors [39–41]. Circadian rhythm, food intake, menstrual
cycle, season, exercise, and smoking status can affect the levels of bone
turnover markers, but they have not been considered in the present
analysis. This study has some notable limitations regarding the study
design and period. As previous studies conducted with similar design
were not available, the power analysis was limited, and the number of
subjects and dropout rate were not accurately estimated. Unblinded
studies can be biased by a physician knowing to which groups the

Fig. 2. Percentage change of BMD from the baseline to 6 and 12months after gastrectomy. (a) Alendronate group, (b) control group. *p < 0.05 compared with
baseline. †p < 0.05 compared with 6months.
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patients belong. However, we discussed the influence of unblinded
studies on research and reduced the bias as much as possible during the
research stage. A short study period of 12months is also a limitation. It
was difficult to confirm how the treatment influenced the prevention of
fractures because the study period was too short to identify any in-
cidence of fracture.

To our knowledge, this is the first randomized controlled trial with a
sufficient number of subjects to confirm the effect of alendronate on
bone mineral density and bone turnover markers in post-gastrectomy
patients. In addition, it is expected that prevention and treatment of
bone loss after gastrectomy is manageable with the use of bispho-
sphonate. In conclusion, the current trial showed that treatment with
bisphosphonate effectively reduced bone loss by suppressing bone re-
sorption in gastric cancer patients undergoing gastrectomy.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.bone.2019.115138.
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