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Abstract
Background: Alendronate has been used to prevent or treat glucocorticoid-induced osteoporosis (GIO), data regarding its
efficacy are inconsistent. We conducted the current systematic review and meta-analysis to evaluate both efficacy and safety of
alendronate in the treatment of GIO.

Methods: PubMed, Embase, the Cochrane Controlled Trials Registry, and the China Academic Journal Network Publishing
Databases were searched up through March 1, 2018. Randomized controlled trials (RCTs) involving patients which received
alendronate treatment were included. Outcome measures were bone mineral density (BMD) changes, bone fractures, and adverse
reactions. Data from the individual studies were pooled using random or fixed effect models based on heterogeneity. Effect size was
reported as standardizedmean differences (SMD) for continuous outcomes and pooled odds ratios (OR) for dichotomous outcomes,
with 95% confidence interval (CI).

Results:Overall, 10 studies involving 1002 patients were included in the present investigation. Alendronate treatment significantly
increased BMD of the lumbar spine and femoral neck during 6 to 24 months. These beneficial effects were apparent at 12 months
after treatment for the lumbar spine but not the femoral neck BMD. Alendronate treatment did not significantly change fracture risk
nor induce significant differences in adverse gastrointestinal effects.

Conclusion: Alendronate significantly increases BMD of the lumbar spine and femoral neck in patients with GIO, but does not
appear to reduce the risk of fractures. As relatively insufficient data regarding the GIO fracture incidence has been reported, more
RCTs need to be carried out to determine the efficacy of alendronate in the prevention of GIO fracture.

Abbreviations: BMD = bone mineral density, CI = confidence interval, GIO = glucocorticoid-induced osteoporosis, OR = odds
ratio, RCTs = randomized controlled trials, SMD = standardized mean differences, WMD = weighted mean difference.
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1. Introduction presumed glucocorticoid-induced osteoporosis (GIO),[3] among
Osteoporosis is a persistent public health problem caused by
aging, predominately in females. Osteoporosis is also a
debilitating complication of long-term glucocorticoid thera-
py.[1,2] As high as 26% of the patients taking glucocorticoid had
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which 30% to 50% of patients eventually suffer fractures.[4–6]

Common fracture sites include trabecular bone, predominantly in
the lumbar spine and the femoral neck, within months after
therapy initiation.[7,8] Because of the common use of glucocorti-
coids to treat diverse conditions such as rheumatoid arthritis,
polymyalgia rheumatica, inflammatory bowel disease, and
chronic obstructive pulmonary disease, GIO is a serious clinical
concern worldwide. Specifically, about 3% of patients over 50
years of age have been treated with glucocorticoids, and 5.2% of
patients over 80 years of age have used this therapy.[9]

Glucocorticoids inhibit bone development by decreasing
osteoblasts and hampering their function and increase the rate
of bone resorption by stimulating osteoclast formation and
activity.[10,11] Furthermore, glucocorticoids decrease intestinal
calcium absorption and increase renal calcium excretion.[12–14]

Oral prednisone (starting at 6.8mg/day) is associatedwith a dose-
dependent increase in fracture risk. Patients using prednisone for
<6 months do not experience this increased risk of fractures;
however, those with longer than 6 months therapy experience
this side effect[15] No significant fracture risk differences have
been observed between men and women.[9]

Bisphosphonates are widely used to prevent or to treat
osteoporosis via inducing osteoclast apoptosis and inhibiting
bone resorption.[11] In particular, alendronate has been reported
to be an effective and well-tolerated drug for prevention and
treatment of GIO, offering sustained treatment benefits up to
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2 years, especially with respect to increased BMD. Sawka’s
group previously described that alendronate can decrease the risk
of male vertebral fractures.[17] Katayama and Matsuno[18]

reported that it also could prevent the fractures of patients with
rheumatoid arthritis. Okada concluded that alendronate protects
premenopausal women from bone loss and fracture associated
with high-dose glucocorticoid therapy.[19] However, Comp-
ston[20] regarded alendronate as a drug which can increase BMD
but could not reduce new fractures along with GIO.
We, therefore, conducted the present systematic review and

meta-analysis to characterize the effects of alendronate on BMD
changes of the lumbar spine and femoral neck, and fracture risk.
We also assessed the risks of adverse reactions associated with
alendronate treatment.
Table 1

Jadad score.
Random allocation Cited +1 Described and appropriate +1 Nonappropriate -1
Double blind Cited +1 Described and appropriate +1 Nonappropriate -1
Dropouts and
withdrawals

Described +1
2. Materials and methods

2.1. Search strategy

RCTs involving alendronate treatment of individuals with GIO
were searched in PubMed, EMBASE, the Cochrane Controlled
Trials Registry and China Academic Journal Network Publishing
Database from inception to March 1, 2018, with the following
keywords: osteoporosis, alendronate, glucocorticoids/glucocor-
ticoid, and corticoids/corticosteroids.

2.2. Study selection

Studies were included according to the following criteria. Adult
patients with GIO taking alendronate for at least 6 months.
Included diseases were rheumatoid arthritis, systemic lupus
erythematous, or autoimmune disease. Any RCT, controlled
clinical trial, or open label trial (OLT) designed with a control
group providing calcium supplements and vitamin D3 (600–
1000 IU) simultaneously, and another group receiving alendr-
onate also with calcium supplements and vitamin D3. Data of
fracture rate and BMD clearly presented and side effects
observed. The language was limited to English and Chinese,
while there was no restriction by country in which the trial
occurred. Trials were excluded if they included children, patients
with fatal diseases, or organ transplant recipients. If other drugs
which could increase the BMD were used in addition to
alendronate, calcium and vitamin D3, these trials were excluded.
In total, 10 trials met our inclusion criteria. Corresponding
authors of RCTs with incomplete data presentation (e.g., missing
means, standard deviations of pretest and post-test data, or
standard deviations of change scores) were contacted when
necessary.

2.3. Outcome measurements

The primary outcome measures were BMD changes in lumbar
spine and femoral neck, bone fracture, and adverse effects. BMD
percent changes of the lumbar spine (L1–L4) and the femoral neck
during the RCT period were assessed. Subgroup analysis was
used to evaluate lumbar spine and femoral neck data at 6, 12, 24
months. The presence of a vertebral fracture or nonvertebral
fracture was used as another stratifying factor. Secondary
outcomes were adverse effects of alendronate, especially
gastrointestinal symptoms.

2.4. Data extraction

Data extraction and quality scoring were performed by two
independent researchers (CZ and JBG). When disagreements
2

occurred, a third author (YKW) was consulted to reach a
consensus. Mean values were measured from data tables or
figures, if no direct data were available from the paper or the
corresponding author. According to the handbook.cochrone.org,
standard deviations within a group were obtained using the
equation: SD ¼ SE � ffiffiffiffiffi

N
p

in treatment or placebo groups with
standard errors. Standard deviations between groups were
obtained according to the standard error of the mean differences
with the following formula:

SD ¼ SEffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

NE þ 1
NC

q :

As the t value is the ratio of the difference in means to the
standard error of the difference in means, the standard error of
the difference in means was obtained by dividing the difference in
means (MD) by the t value:

SE ¼ MD

t
:

2.5. Assessment of study quality

Jadad scores were used to determine methodological quality.[21]

Study quality evaluations were performed by 2 reviewers (SQQ
and TM) using these categories: “Was the study described as
randomized?”, “Was themethod used to generate the sequence of
randomization described and appropriate (random numbers,
computer-generated, etc.)?”, “Was the study described as double-
blind?”, “Was the method of double-blinding described and
appropriate (identical placebo, active placebo, dummy, etc.)?”,
and “Was there a description of withdrawals and drop-outs?”.
A score of 4 to 5 was considered to be a study of high
methodological quality (Table 1).
2.6. Statistical analysis

Effect sizes for the continuous outcome (i.e., change in BMD) was
quantified as standardized mean difference (SMD) with 95%
confidence interval (CI) while pooled odds ratio (OR) with 95%
CI were calculated for dichotomous outcomes (i.e., incidence of
bone fractures and adverse effects).
Heterogeneity was assessed using theQ-test. A random-effects

model was used to pool data if there was evidence of significant
heterogeneity (I2>50%). Otherwise, the fixed-effects model was
used. Publication bias was assessed with Funnel plots. Data were
analyzed using the Cochrane Collaboration software Review
Manager 5.2.
3. Results

The results of the present investigation revealed a total of 194
relevant articles. Two trials which were not double-blind studies
were included,[22,23] as they contained data of BMD and fracture



Figure 1. Flowchart of database search and selection process.
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rates. It has previously been reported that alendronate is
therapeutically equivalent at a dose of 70mg/week to a daily
dose of 10mg in the treatment of osteoporosis.[24,25] So three
additional trials were also included, even though in these studies
alendronate was administrated at a dose of 70mg/week.[22,26,27]

Dual energy x-ray absorptiometry was used in all trials. Overall,
9 trials in 10 papers met the inclusion criteria and were assessed
(Fig. 1).[16,22,23,26–32]Table 2 depicts characteristics of the
included studies. Quality appraisal of the studies based on the
Jadad score are shown in Table 1. For evaluation of publication
bias, one study[32] showed evidence of bias towards positive
results at the lumbar spine, another study[23] showed evidence of
bias towards positive results at the femoral neck, both suggesting
selective reporting (Fig. 2).
We first evaluated the percentage change in the lumbar BMD in

patients receiving alendronate for 6 to 24 months using a
random-effects model (Fig. 3). The pooled estimates showed that
alendronate treatment significantly increased lumbar spine BMD
of patients with GIO. However, there was significant heteroge-
neity between studies. In subgroup analysis, the increase in BMD
after alendronate treatment was statistically significant at 12, and
3

24 months, but not at 6 months after alendronate administration
(Fig. 3).
In the present investigation, a total of eight studies evaluated

changes in femoral neck BMD.[16,22,23,26,28–30,32] The pooled
data demonstrated a statistically significant increase in femoral
neck BMD (Fig. 4). Subgroup analysis for this outcome showed
significant differences at 6 and 24 months but not at 12 months
after alendronate administration (Fig. 4).
The effect of alendronate on bone fracture in patients with GIO

after alendronate treatment from 6 to 24 months was reported in
5 studies.[16,23,26–28,31] The pooled data showed no statistically
significant difference in vertebral and nonvertebral fractures in
patients treated with alendronate (Fig. 5).
Gastrointestinal adverse effects were reported in 6 tri-

als.[16,23,26–29] Pooled data from a fixed-effect model revealed
no statistically significant differences with alendronate treatment
(Fig. 6).
For the regions and demographics heterogeneity of BMD, we

conducted a further regional subgroup analysis of bone density
changes, which was divided into American[16,26,28] and
Asian populations.[22,27,29,30,32] We found that alendronate

http://www.md-journal.com


Figure 2. Publication bias was assessed with Funnel plots.

Table 2

Characteristics of the trials of alendronate in the treatment of glucocorticoid-induced osteoporosis.

Study Design Type of population studied Sex (male/female)
Calcium,
mg/d

Alendronate,
mg/d

Age,
years

Duration,
months

Jadad
scores

Adachi 2000 RCT United States and multinational, at least 7.5 mg/day of prednisone
or equivalent

∗
(34/23)

800–1000 10 21–78 24 5

Chavassieux
2000

RCT United States and multinational, at least 7.5 mg/day of prednisone
or equivalent

∗
(13/18)

800–1000 10 22–75 12 3

Ding 2009 RCT Chinese, at least 5 mg/day of prednisone or equivalent
∗
(13/18) 600 70/week 47–66 6 3

Saag 1998 RCT United States and multinational, at least 7.5 mg/day of prednisone
or equivalent

∗
(90/197)

800–1000 10 21–78 12 5

Sambrook 2003 RCT† Four Australian centers, starting glucocorticoids (≥5mg
prednisone)‡ (40/88)

600 10‡ 20–80 24 3

Stoch 2009 RCT 23 sites in the US, include Asian, White, Black and other, ≥ 7.5
mg/day of oral prednisone (or equivalent)x (72/101)

1000 70/week 18–80 12 5

Tee 2012 RCT a tertiary dermatology center in Singapore, was given the standard
dosage according to their symptomjj (25/19)

720 10 24–80 12 5

Wang 2008 RCT Chinese, at least 20 mg/day of prednisone or equivalent¶ (12/130) 600 10 18–51 6 3
Yeap 2008 RCT† outpatient clinics in 2 teaching hospitals in Malaysia taking at

least 7.5mg prednisolone daily# (0/65)
1000 70/week# 18–51 24 3

Yilmaz 2001 RCT Ankara, Turkey, start 7.5mg prednisolone daily
∗∗

(0/44) 1000 10
∗∗

22–63 6 4

RCT= randomized controlled trial.
∗
All patients continued to receive 250–500 IU of vitamin D supplements daily.

† Not double blind.
‡ The control patients continued to receive ergocalciferol (Ostelin) 0.25mg three times per week; the alendronate plus 600mg calcium carbonate daily (Caltrate).
x All patients was supplied 400 IU of vitamin D in 2 daily doses.
jj The patients were assessed on the requirement for prednisolone therapy and given, as standard therapy. Besides, 400 IU of vitamin D in 2 daily doses was taken.
¶ All patients continued to receive Caltrate With Vitamin D600 Tablets which contains 600mg calcium and 125 IU Vitamin D supplements daily.
# The alendronate group also plus 500mg calcium carbonate twice daily.
∗∗
The alendronate group also plus 1000mg calcium carbonate daily.

Wang et al. Medicine (2018) 97:42 Medicine

4



Figure 3. Pooled effect size of treatment group (alendronate) compared to controls (calcium) on lumbar spine BMD in all patients receiving an average daily dose of
at least 7.5mg of prednisone. BMD=bone mineral density.
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significantly increased BMD in the spine and the femoral neck of
the Asia region, except of the United States (Fig. 7). For fractures
and adverse reactions, we can see from Figures 5 and 6 that there
is no obvious heterogeneity, and we also performed subgroup
analysis by the review manage 5 software, and found no regional
difference and I2 value are all <50%.

4. Discussion

In our meta-analysis of 9 randomized controlled trials, the
efficacy of alendronate in treating GIO was evaluated among
individuals over 18 years at different time points during
treatment. With a random effect model, meta-analysis was
performed and showed that alendronate treatment significantly
increased lumbar spine BMD when compared with treatment
with calcium during 6 to 24 months. As statistical heterogeneity
was observed, the subgroup analyses were used to obtain more
robust estimates at 6, 12, 24 months, respectively. The results
indicate that alendronate administration significantly increased
BMD of the lumbar spine. In addition, fixed effects model
analysis was carried out to evaluate the effects of alendronate
after 24 months administration. The same positive result was
identified: pooled SMD was: 0.82 (95% CI 0.58 to 1.05,
P< .00001, I2=38%). The femoral neck BMD increased
significantly when the alendronate was taken for 6 months but
no statistical difference was observed after alendronate adminis-
tration for 12 or 24 month. As for nonvertebral fracture or
5

vertebral fracture rate, no statistical differences were observed
between alendronate and calcium treatments. There were also no
significant differences in terms of gastrointestinal or other side
effects. To our knowledge, this investigation is the first systematic
analysis to evaluate the effect of alendronate on GIO as well as its
side effects.
Alendronate, a second generation bisphosphonate, inhibits

osteoclast activity, reduces bone resorption, and maintains the
balance of bone resorption and formation.[33,34] Alendronate
may also stimulate osteoblast differentiation, and prevent or
mitigate bone cell and osteoblast apoptosis.[35–37] Previous
studies have shown that, in postmenopausal women with or
without established osteoporosis, alendronate administration
over 2 to 3 years could increase bone density, while reducing
vertebral fracture rate. Further, nonvertebral fractures rates were
significantly reduced when treated with alendronate among
postmenopausal women without prevalent fractures and have
BMD levels below the World Health Organization threshold for
osteoporosis.[38]

Glucocorticoid use for more than 3months can cause bone loss
and decrease BMD.[7] However, the efficacy of alendronate on
the BMD as well as the relative risk of fracture in GIO patients
has been reported from several studies with varying magnitude. A
48-week research study carried out by Saag et al[28] indicated that
10mg of alendronate administration daily significantly increased
the BMD of the lumbar spine (2.9±0.3[28]) and the femoral-neck
(1.0±0.4%) in patients who were receiving glucocorticoid

http://www.md-journal.com


Figure 4. Pooled effect size of treatment group (alendronate) compared to controls (calcium) on femoral neck BMD in all patients receiving an average daily dose of
at least 7.5mg of prednisone. BMD=bone mineral density.
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therapy, while in the placebo group, BMD of both lumbar spine
and femoral-neck were significantly decreased. A previous meta-
analysis assessed the effects of bisphosphonates of any type in
the prevention and treatment of glucocorticoid induced osteo-
porosis.[39] Compared with placebo groups, treatment with
bisphosphonates for 6 to 12 months significantly improved the
BMD both at the lumbar spine and the femoral neck. However, it
should be noted that after 12 months of treatment, no significant
differences were observed for femoral neck BMD. Patients who
used alendronate for 6 to 24 months had greater femoral neck
BMD and these studies were heterogeneous, but subgroup
analysis suggested that these increases were not statistically
significant. These results indicate that improvement of BMD of
the femoral-neck was not as significant as that of the lumbar
spine.[20,28] The reason for this phenomenon may be that the
lumbar spine contains more trabecular bone and corticosteroid
associated bone loss is greater in bones with higher trabecular
bone ratio.[32] To some extent, similar results were obtained in
our study compared with Kan’s study. However, Kan’s paper
focuses on the population of rheumatoid patients with long-term
glucocoticoid-induced osteoporosis, while we included other
patients who suffered rheumatoid arthritis, systemic lupus
erythematous, or autoimmune disease. Alendronate has a
significant effect on the increase in bone mineral density in the
spine and femoral neck, but there is no significant difference on
the fracture and the adverse reaction compared with the control
group.[40] In Allen’s paper, the meta-analysis aimed at Bisphos-
phonate effects, including not only alendronate, but also
pamidronate, etidronate, and other drug was summarized and
analyzed. At the lumbar spine, there is an absolute increase in
6

BMD of 3.5% with bisphosphonates. At the femoral neck, the
absolute difference in BMD is 2.06% higher in the bisphospho-
nate group compared to the control group. There was high-
certainty evidence that bisphosphonates are beneficial in reducing
the risk of vertebral fractures with data extending to 24months of
use. There was low-certainty evidence that bisphosphonates may
make little or no difference in preventing nonvertebral fractures,
which was different with our results.[41]

It is important to evaluate the effects of alendronate on fracture
prevention. In postmenopausal women, previous system review
studies have indicated that alendronate administration could
reduce vertebral and nonvertebral fractures.[38,42] The same
meta-analysis found that in GIO patients, although there was a
24% reduction in odds of spinal fractures after treatment with
bisphosphonate, the results were not statistically significant.[39]

Although all the meta-analysis of bone density results are
relatively robust, the number of fractures in the prevention trials
were very small and the CIs very wide. As a result, our analysis
had very little power to detect differences in relative risk
reduction of fracture with alendronate.[38,39] Whether alendro-
nate administration can reduce the rate of both vertebral and
nonvertebral fractures in GIO patients, due to a dearth of large
number RCT evidence, this conclusion requires further investi-
gation in the future.
Although there were no differences in serious adverse effects,

such as requiring hospitalization, life-threatening events or
mortality among placebo, 5 or 10mg alendronate treated GIO
patients, a small but significant increase in nonserious upper
gastrointestinal effects was found in the 10mg treated group.[28]

More patients receiving bisphosphonate treatment withdrew



Figure 5. Pooled estimate of the OR for fracture incidence: treatment group (alendronate) compared to controls (calcium) in all patients receiving an average daily
dose of at least 7.5mg of prednisone. OR=odds ratio.
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because of adverse effects (OR: 6.01, 95% CI 1.58–22.93,
P= .0087), and there was a statistical significance.[39] As
gastrointestinal adverse effects are one of the main adverse
effects of alendronate, our investigation mainly focused on
gastrointestinal adverse effects, as well as other serious adverse
effects. There were no significant differences observed between
alendronate and placebo treated GIO patients. As for other
bisphosphonate agents, such as ibandronate and pamidronate,
their side effects in treating GIO patients require further
investigation. It should be noted that some patients were
Figure 6. Pooled estimate of the OR for adverse effects, treatment group (alendr
dose of at least 7.5mg of prednisone. OR=odds ratio.

7

excluded in RCTs if they had a certain disease history, and
therefore, the participants tended to be healthier with fewer co-
morbid diseases, and the evaluated adverse effects may not be
generalized to clinical practice.[38]
4.1. Limitations of study

Although our results do provide evidence of an association
between alendronate and the BMD of lumbar spine and femoral
neck, some limitations of our meta-analysis need to be addressed.
onate) compared to controls (calcium) in all patients receiving an average daily

http://www.md-journal.com


Figure 7. Treatment group (alendronate) versus controls (calcium) for lumbar spine BMD (A) and femoral neck BMD (B): Subgroup analyses stratified by regions.
BMD=bone mineral density.
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All adults of GIO were incorporated into our meta-analysis, but
they were not selectively included and no stratified analysis based
on sex, ethics and comorbidity was performed. However, all
these stratifying factors may result in selective bias on the analysis
of BMD. Additionally, some of the included data were extracted
by measurements extracted from figures; therefore information
bias may be a limitation in this investigation.
In general, when alendronate is taken for more than 6 months

or 1 year, many adverse reactions may potentially occur,
including nausea, vomiting, abdominal pain, diarrhea, peptic
ulcer, esophagitis, upper digestive symptoms and calcium
hyperlipidemia or other complications. Because adverse reactions
caused by the digestive system are the main adverse reactions of
the drug, this likely would result in many patients potentially
ceasing their medication. There have been previous data and
8

summarizes about these GI related adverse effects in the
literature, and therefore, our meta-analysis was mainly focused
on digestive symptoms. As for the control group, our investiga-
tion did not study in a separate analysis whether calcium or
vitamin D has any significant side effects.
5. Conclusions

In summary, for patients with GIO, alendronate treatment can
significantly increase BMD of the lumbar spine and femoral neck
compared with calcium treatment, but did not show superiority
over calcium in reducing vertebral fracture or nonvertebral
fracture incidences or related to adverse effects. The efficacy and
safety of long-term alendronate in treating GIO should be further
investigated in carefully designed future trials.
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