
Review Article
Alendronate versus Raloxifene for
Postmenopausal Women: A Meta-Analysis of Seven
Head-to-Head Randomized Controlled Trials

Tiao Lin,1,2 Shi-Gui Yan,1 Xun-Zi Cai,1 Zhi-Min Ying,1 Fu-Zhen Yuan,1 and Xi Zuo3

1 Department of Orthopaedic Surgery, Second Affiliated Hospital, School of Medicine, Zhejiang University,
Hangzhou, Zhejiang 310009, China

2Department of Orthopaedic Surgery, Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA 19014, USA
3Department of Epidemiology and Biostatistics, School of Public Health, Drexel University, Philadelphia, PA 19102, USA

Correspondence should be addressed to Xun-Zi Cai; emilcai@hotmail.com

Received 14 May 2013; Accepted 31 October 2013; Published 5 May 2014

Academic Editor: Faustino R. Pérez-López
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Purpose. The aim of this study was to directly compare the efficacy and the safety of the two agents for postmenopausal women.
Methods/Principal Findings. Electronic databaseswere searched for relevant articles thatmet our predefined inclusion criteria. Seven
randomized controlled trials (RCTs) involving 4054 women were identified and included. Although Aln was more effective than
Rlx in increasing bone mineral density (BMD), no statistical differences were observed in reducing the risk of neither vertebral
fractures (𝑃 = 0.45) nor nonvertebral fractures (𝑃 = 0.87) up to two-year followup. Aln reduced the risk of vasomotor (𝑃 = 0.006)
but increased the risk of diarrhea compared to Rlx (𝑃 = 0.01). Our subgroup analysis further indicated the difference between Aln
and Rlx in fracture risk and was not materially altered by the administration pattern, the age. The weekly strategy of Aln would
further reduce the upper gastrointestinal (GI) disorders andmight gainmore bonemass increment at lumbar spine compared to its
daily treatment.Conclusion.There was no evidence of difference of fracture risk reduction betweenAln and Rlx. In addition, age did
not obviously influence their relative antifracture efficacy. For Aln the weekly strategy would further reduce the upper GI disorders
and gainmore bonemass increment compared to the daily treatment. During clinical decisionmaking, the patients’ adherence and
the related side-effects associated with both drugs should also be taken into account.

1. Introduction

Osteoporotic fracture is a world-wide concern in the current
aged society. It is estimated that annually there are 180,000
people encountering osteoporosis-related fractures in Eng-
land and Wales. Postmenopausal women with bone loss
were considered at high risk of bone fractures, which greatly
impaired their life quality and led to mortality [1]. An appro-
priate and timely management for preventing osteoporotic
fracture is extremely important. At present, antiresorptive
agents are still the major treatments. Besides the novel
Denosumab, which is a human monoclonal antibody of
receptor activator of NF-𝜅B ligand (RANKL) and potently
suppresses osteoclastic bone resorption, alendronate (Aln),
the most widely prescribed bisphosphonates, and raloxifene

(Rlx), the only Food and Drug Administration approved
selective estrogen receptormodulators (SERMs), are themost
evident antiresorptive agents for prevention and treatment of
postmenopausal osteoporosis [2, 3].

For deciding the therapeutic strategy, it is highly imper-
ative to know an estimate of the difference in fracture risk
reduction between Aln and Rlx [4, 5]. Although both ther-
apies have established efficacy from randomized controlled
trials (RCTs), Rlx was suggested to be less effective compared
to Aln, mainly in preventing nonvertebral fractures [3, 6–8]
and was therefore not recommended as a first-line treatment
option for this population or considered as an alternative for
young women with lower nonvertebral risk [3, 9].

However, so far the efficacy inferiority of Rlx under Aln
for postmenopausal women, especially the most relevant
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outcome fractures prevention, was still inconclusive. (a) The
evidence was mainly derived from the indirect compari-
son with placebo, of which the inherent defects should be
respected [10, 11]. With the statistical methods of indirect
comparison such as the Bayesian method and the network
meta-analysis [6, 12, 13], therewere significant inconsistencies
in patient characteristics across the included studies. In
particular, the population of the previous systematic reviews
andmeta-analyseswere consisted of elderly osteoporoticmen
and patients with glucocorticosteroid-induced osteoporosis
apart from postmenopausal women [6, 8, 12]. In addition,
the adverse effects (AEs) of two agents, which would highly
provide reference during clinical decision making, were
not thoroughly compared in previous meta-analyses. (b)
Recently, a large-scaled retrospective study conducted by
Foster et al. [14] emphasized that after adherent treatment
there was a similar risk reduction for the both drugs in
both vertebral and nonvertebral fractures of women up to 8
years, which was inconsistent with the previous prospective
evidence [6, 12, 13]. (c) There were emerging head-to-head
RCTs to evaluate the comparative effectiveness of the two
agents, the results of which were mainly limited by the small
sample size but those available comparative data should be
well summarized and taken into consideration [15–21].

Taken together, this meta-analysis with all the avail-
able 7 head-to-head RCTs involving 4054 participants was
conducted to summarize the comparative efficacy of bone
mass increment and fracture prevention between Aln and
Rlx for postmenopausal women [15–21]. Their safety profiles
were also reviewed in a head-to-head comparative manner.
Besides, we aimed to evaluate clinically-related and design-
related factors which might contribute to the difference in
efficacy and AEs.

2. Methods

2.1. Literature Search. Electronic databases (PubMed, Med-
line, EMBASE, Clinical Trial Registry and the Cochrane
Data Base of Systematic Reviews, and the Cochrane Central
Register of Controlled Trials) were searched without limit by
two independent investigators (Lin and Ying), which were
last updated on October, 2013. The search used terms and
Boolean operators as follows: “(alendronate OR bisphospho-
nate) AND (raloxifene OR selective estrogen receptor mod-
ulators) AND postmenopausal women AND (osteoporosis
OR fracture).” Reference lists of all the selected articles were
hand-searched for any additional trials.

2.2. Identification of Eligible Studies. The trials were reviewed
in which (a) the target population were consisted of post-
menopausal women with low bone mass, (b) the interven-
tions at least included both Aln and Rlx therapies, (c) the
outcomes at least comprised one of the following assessments:
fracture incidence, BMD, or safety profile, and (d) the trials
were randomized controlled trials (RCTs). The trials were
excluded if (a) patients had a prior history of metastatic
bone disease, (b) phase-I or observational studies, case

reports, and reviews, and (c) the same RCTs were reanalyzed.
Disagreements were resolved through discussions.

2.3. Assessment of Study Quality. Two reviewers (Lin
and Ying) independently assessed the study validity with
Cochrane Collaboration’s tool for assessing the risk of bias,
which addresses six specific domains such as sequence
generation, allocation concealment, blinding, incomplete
outcome data, and selective outcome reporting. Whether
the included trials were similar in baseline, adopting similar
cointerventions, and applying intention-to-treat (ITT)
analysis was also evaluated. Disagreement was evaluated by
means of kappa (𝜅) test and resolved by discussion [22].

2.4. Data Abstraction, Conversion, and Analysis. For each eli-
gible trial, two of us (Lin and Ying) independently extracted
the relevant data and checked the accuracy. In particular, we
abstracted study design, sample size, demographic data (age,
body mass index, and baseline BMD), intervention protocol,
duration of the trial, loss to followup, trial outcomes (fracture
incidence, BMD, and incidence of adverse events), and indus-
trial funding. We contacted the first or the corresponding
author of each eligible trial to verify the accuracy of the data
abstraction as well as our methodological assessment.

The overall incidences of vertebral or nonvertebral
fractures (hip, upper leg, lower leg, pelvis, hummers,
wrist/forearm, clavicle/rib, and other) in the two groups were
our primary outcome.We also evaluated the BMDpercentage
changes from the baseline at lumbar spine (LS), femoral
neck (FN), and total hip (TH) in both groups. BMD was
measured by dual-energy X-ray absorptiometry (DXA). The
safety profile comprised the reported discontinuations due
to AEs, AEs probably related to Aln (upper gastrointestinal
disorders (GI) and diarrhea), and AEs probably related to Rlx
(vasomotor events and venous thrombosis).

We took fracture risk reduction, LS BMD, and risk of
upper gastrointestinal (GI) disorders at the end of follow-up
as ourmainmeta-analysis on basis of their sufficient trials for
subgroup analysis.

We preferentially used the ITT data from the trials
whenever possible. If the data were not reported in the
original article, we extrapolated them from the accompanying
graphs. To maximize data availability, we applied percentage
change data for BMD and serum lipid outcome. If percentage
change data were unavailable in BMD outcome, we imputed
the percentage change data using (endpoint data, baseline
data) divided by baseline data thenmultiplying 100 times. For
themissing standard errors (SEs) of BMDdata, themaximum
SEs extracted from Muscoso et al. [18] were conservatively
chosen for all BMD percentage change SEs. The sensitivity
analysis was performed through omitting trials with imputed
SEs to assess the variation in overall effect [22].

The fracture incidence and the safety profile outcomes
were presented as risk ratio (RR) with 95% confidence inter-
vals (CI) and combined using the Mantel-Haenszel method.
BMDwere pooled with the inverse variancemethod and pre-
sented as weightedmean differences (WMD) and 95%CI.We
calculated the statistical heterogeneity using a Chi-squared
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Figure 1: Flow chart for the meta-analysis.

(𝜒2) test with the significance at 0.1. We also assessed the
inconsistency 𝐼2 to describe the percentage of the variability
in effect estimates due to the heterogeneity. We considered a
value greater than 50% as the substantial heterogeneity. Fixed
effects model would be applied if there were no statistical
heterogeneity among the studies; otherwise, we used the
random effects model. If substantial heterogeneities across
studies (𝐼2 > 50%) were detected in the index five main
meta-analysis, we performed post hoc sensitivity analysis
by omitting the outlier studies to determine the sources of
Cochran’s heterogeneity [22]. The outliers were detected as
the studies with confidence interval of the estimated effect
size were not well overlapping with the pooled overall effect
size [23].

The subgroup analyses in the main meta-analysis were
performed by baseline characteristics of the studies: patterns
of treatments in Aln groups (daily or weekly), mean age
of participants (>65 or ≦65), methodological quality, sam-
ple size (≧400 or <400), and industrial funding. BMI of
participants and dose of agents could not be analyzed in
subgroup analysis due to the difficulties in determining cut-
off values. To determine the influence of outlier studies, after
omitting the two detected outliers, the pooled-analysis and
the subgroup analyseswere repeated in themain analysis with
statistical heterogeneities. Results of subgroup analysis were
presented only if each subgroup comprised at least two trials.

To comprehensively identify the clinical-related modi-
fiers, metaregression with covariates (age, BMI of partici-
pants, patterns of Aln administration) were carried out in
the fracture (vertebral fracture analysis was not performed as
only 3 trials included) and GI disorder analysis.

To evaluate the publication bias, we used Begg’s test
and Egger’s test with trials from fracture outcomes analysis,

including 6 trials in total fractures, 3 trials in vertebral
fractures, and 4 trials in nonvertebral fractures [22].

Meta-analysis was conducted using Review Manager 5.1
software. Metaregression analysis, Begg’s test, and Egger’s test
were performed through STATA 11.0 (Stata Corp, College
Station, TX, USA).The criteria of the Grading of Recommen-
dations Assessment, Development, and Evaluation (GRADE)
were used to evaluate the quality of evidence by each outcome
[24].

3. Results

3.1. Study Identification. Literature search initially yielded 731
relevant articles; of which 224 overlapped publications were
excluded. From the remaining 507 articles, 497were excluded
since they did not fulfill the selection criteria based on their
titles and abstracts. After full-text checking of the rest of 10
RCTs [15–21, 25–27], 3 RCTs were excluded as their outcomes
did not meet the inclusion criteria [25–27]. Finally, 7 studies
with usable information were included in our meta-analysis
[15–21] (Figure 1). The weighted kappa for the agreement on
eligibility between reviewers was 0.81 (95% CI: 0.72–0.90).

3.2. Study Characteristics. The characteristics of the included
7 trials were shown in Table 1 [15–21]. Four of the trials
were double blinded and placebo-used, multicenter RCTs
[16, 17, 19, 20].There were two studies designed with fractures
as endpoint in a two-year followup [18, 19]. Other five
studies [15–17, 20, 21] with one-year followup used BMD
as surrogates for antifracture assessment, and the fractures
was reported as AEs [16, 17, 20] or secondary outcomes
[15, 18]. Four studies only comprised Aln and Rlx treatments
[15, 17, 19, 20]. The other three studies contained combined
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Figure 2: Relative risk of total fractures, vertebral fractures, and nonvertebral fractures for postmenopausal women between the alendronate
group and the raloxifene group. NV: nonvertebral.

treatment [16, 21] or other therapies aswell [18]. Only one trial
was considered to have substantial loss to follow-up (more
than 20%) [21], while the rates were acceptable among the
other studies (range, 1.7% to 19.7%). Two studies were funded
by Aln Company (Merck &Co.) [17, 20] and twowere funded
by Rlx Company (Eli Lilly & Co.) [16, 19], while the left three
did not involve any industrial funding [15, 18, 21]. In terms
of the patterns of administrations in Aln groups, four studies
treated women once daily [15, 16, 18, 19], while the other
three adopted once weekly strategy [17, 20, 21]. Patients in the
both groups took calcium and vitaminD as supplementations
equally in all eligible studies.

3.3. Study Quality. The methodological quality was evalu-
ated independently by two reviewers (Lin and Ying) with
Cochrane Collaboration’s tool for assessing the risk of bias
and showed in Table 2 [22]. Four trials [6, 7, 9, 10] described

explicit adequately randomization, concealment of allocation
assignment, proper blinding, and applying intention to treat
analysis, which were low risk of bias [16, 17, 19, 20], while
the other three trials with inexplicit randomization and
inadequate blinding were considered moderate risk of bias
[15, 18, 21]. The weighted kappa for the agreement on the
trial quality between reviewers was 0.84 95% CI: (0.75–
0.93).

3.4. Effect of Interventions. No differences in total, verte-
bral or nonvertebral fracture incidences were demonstrated
between the Aln groups and Rlx groups. (Total: 6 studies,
fixed-effects RR (95% CI): 1.19 (0.75, 1.68), 𝑃 = 0.58, 𝐼2 = 0%;
vertebral: 3 studies, fixed-effects RR (95% CI): 1.30 (0.66 to
2.54), 𝑃 = 0.45, and 𝐼2 = 0%; nonvertebral: 4 studies, fixed-
effects RR (95% CI): 0.95 (0.54, 1.68), 𝑃 = 0.87, and 𝐼2 =
0%, Figure 2). Our meta-analysis indicated moderate quality



6 International Journal of Endocrinology

Ta
bl
e
2:
M
et
ho

do
lo
gi
ca
lq
ua
lit
y
of

eli
gi
bl
er

an
do

m
ise

d
co
nt
ro
lle
d
tr
ia
ls.

St
ud

y
Ra

nd
om

iz
ed

ad
eq
ua
te
ly

a
A
llo

ca
tio

n
co
nc
ea
le
db

Bl
in
di
ng

c
Ba

la
nc
e

in
ba
se
lin

e

Ad
vo
id
in
g

se
le
ct
iv
e

re
po

rt
in
g

Si
m
ila
r

co
fa
ct
or
sd

(%
)L

os
st
o

fo
llo

w
up

(A
ln
/R
lx
)e

IT
T
an
al
ys
isf

Q
ua
lit
yg

Iw
am

ot
o
et
al
.,

20
08

[1
5]

U
nc
le
ar

N
o

N
o

Ye
s

Ye
s

Ye
s

18
%
/14

.8
%

N
o

M
od

er
at
e

Jo
hn

el
le
ta
l.,
20
02

[1
6]

Ad
eq
ua
te
ly

Ye
s

D
ou

bl
e

Bl
in
de
d

Ye
s

Ye
s

Ye
s

to
ta
l:
17.
2%

Ye
s

H
ig
h

Lu
ck
ey

et
al
.,

20
04

[1
7]

Ad
eq
ua
te
ly

Ye
s

D
ou

bl
e

Bl
in
de
d

Ye
s

Ye
s

Ye
s

19
.7
%
/17
.2
%

Ye
s

H
ig
h

M
us
co
so

et
al
.,

20
04

[1
8]

U
nc
le
ar

N
o

N
o

Ye
s

Ye
s

Ye
s

0
Ye
s

M
od

er
at
e

Re
ck
er

et
al
.,

20
07

[1
9]

Ad
eq
ua
te
ly

Ye
s

D
ou

bl
e

Bl
in
de
d

Ye
s

Ye
s

Ye
s

2.
2%

/1.
7%

Ye
s

H
ig
h

Sa
m
br
oo

k
et
al
.,

20
04

[2
0]

Ad
eq
ua
te
ly

Ye
s

D
ou

bl
e

Bl
in
de
d

Ye
s

Ye
s

Ye
s

12
%
/14

%
Ye
s

H
ig
h

Sa
na
d
et
al
.,

20
11
[2
1]

U
nc
le
ar

N
o

U
nc
le
ar

Ye
s

Ye
s

Ye
s

23
.9
%
/2
9.5

%
N
o

M
od

er
at
e

a Th
et
ria

ls
co
ul
d
ge
ta
n
“Y
es
”i
ft
he
ir
ra
nd

om
iz
at
io
n
sc
he
du

le
sw

er
ee

xp
lic
itl
y
de
sc
rib

ed
.

b O
nl
y
th
et
ria

ls
w
hi
ch

m
en
tio

ne
d
th
at
th
ey

co
nc
ea
le
d
th
ep

ro
ce
ss
of

pa
tie
nt
sa

ss
ig
nm

en
tc
ou

ld
ge
ta

“Y
es
.”

c Th
et
ria

ls
w
er
ec

on
sid

er
ed

as
“D

ou
bl
eB

lin
de
d”

if
ap

la
ce
bo

w
as

ad
eq
ua
te
ly
ad
op

te
d
to

bl
in
d
bo

th
pa
tie
nt
sa

nd
in
ve
sti
ga
to
rs
.

d I
n
al
lt
he

in
clu

de
d
stu

di
es
,p
at
ie
nt
si
n
bo

th
gr
ou

ps
to
ok

ca
lc
iu
m

an
d
vi
ta
m
in
eD

as
su
pp

le
m
en
ta
tio

ns
eq
ua
lly
.

e L
es
st
ha
n
20
%
lo
ss
to

fo
llo

w
-u
p
ra
te
w
as

co
ns
id
er
ed

ac
ce
pt
ab
le.

f IT
T:

in
te
nt
io
n
to

tre
at
.E

xp
lic
it
de
sc
rip

tio
n
of

th
el
os
st
o
fo
llo

w
up

w
as

pr
ov
id
ed

in
al
lt
he

in
clu

de
d
tr
ia
ls,

bu
to

nl
y
w
hi
ch

m
en
tio

ne
d
IT
T
an
al
ys
is
of

th
em

iss
in
g
da
ta
co
ul
d
ge
ta

“Y
es
.”

g Th
ef
re
qu

en
ce
so

fp
os
iti
ve

re
sp
on

se
s>

5
m
ea
ns

“H
ig
h”
;4

or
5
m
ea
ns

“M
od

er
at
e”
;≦

3
m
ea
ns

“L
ow

.”



International Journal of Endocrinology 7

Table 3: $GRADE evidence profile: randomized controlled trials of comparison between Aln and Rlx for postmenopausal women.

No. of trials
(No. of women)

Summary of
finding

Quality of evidence

Magnitude of
effect (95% CI)

Risk of
bias

Inconsistency Indirectness Imprecision Publication
bias

Quality

Efficacy profile

Antifracture evaluation

Total fractures risk

6 trials (3742) RR: 1.12
(0.75 to 168) Low No Direct Yesc Unlikely Moderate

Vertebral fractures risk

3 trials (2634) RR: 1.30
(0.66 to 2.54) Low No Direct Yesc Unlikely Moderate

Nonvertebral fractures risk

4 trials (3455) RR: 0.95
(0.54 to 1.68) Low No Direct Yesc Unlikely Moderate

Surrogate anti-fracture evaluation

LS BMD at 12 months

6 trials (2396) WMD: 2.92
(2.23 to 3.62) Low Inconsistencyb Direct No Unlikely Moderate

5 trials (2274)∗ WMD: 2.37
(2.17 to 2.58) Low No Direct No Unlikely High

FN BMD at 12 months

4 trials (1174) WMD: 0.84
(0.32, 1.36) Low Inconsistencyb Direct No Unlikely Moderate

TH BMD at 12 months

3 trials (1009) WMD: 1.25
(1.02, 1.49) Low Inconsistencyb Direct No Unlikely Moderate

Safety profile

Risk of upper GI events

6 trials (2708) RR: 1.10
(0.77 to 1.58) Low Inconsistencyb No Yesc Unlikely Low

5 trials (2221)# RR: 1.30
(1.04 to 1.63) Low No No No Unlikely High

Risk of discontinuations

5 trials (2642) RR: 1.03
(0.77 to 1.36) Low No No Yesc Unlikely Moderate

Risk of VT events

3 trials (1934) RR: 0.52
(0.10 to 2.86) Low No No Yesc Unlikely Moderate

Risk of diarrhea events

3 trials (1600) RR: 2.33
(1.21 to 4.49) Higha No No No Unlikely Moderate
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Table 3: Continued.

No. of trials
(No. of women)

Summary of
finding

Quality of evidence

Magnitude of
effect (95% CI)

Risk of
bias

Inconsistency Indirectness Imprecision Publication
bias

Quality

Risk of vasomotor events

2 trials (943) RR: 0.47
(0.27 to 0.81) Low No No No Unlikely High

Risk of vasodilatation events

3 trials (1643) RR: 0.74
(0.54 to 1.01) Low No No Yesc Unlikely Moderate

Aln: Alendronate; Rlx: Raloxifene; LS: lumbar spine; FN: femoral neck; TH: total hip; BMD: bone mineral density; WMD: weighted mean differences; RR: risk
ratios; CI: confidence interval.
aOnly 2 or 3 trials are included, of which 2 trials are with high risk of bias; then evidence was rated down.
bStatistical heterogeneities (𝐼2 > 50%) across studies are detected; therefore quality was decreased.
c95% confidence interval included both important superiority and inferiority; then quality was downgraded.
∗After excluding Iwamoto’s study (the eldest women involved).
#After excluding Sambrook’s study (the youngest women involved).
$GRADEWorking Group grades of evidence: high quality: further research very unlikely to change confidence in estimate of effect; moderate quality: further
research likely to have important impact on confidence in estimate of effect andmay change estimate; low quality: further research very likely to have important
impact on confidence in estimate of effect and likely to change estimate; very low quality: very uncertain about estimate.

evidence of equivalent efficacies between the twomedications
in fractures prevention (Table 3).

All of the included studies reported BMD data measured
by DXA at least at one skeleton site. Both Aln and Rlx
increased BMD significantly at LS, FN, and TH after 6, 12,
and 24 months related to the baseline. Aln obtained bone
mass increment to a greater extent than Rlx (Table 4), and the
differences were widening as the treatment continued. The
evidence quality was moderate (Table 3).

Both Aln and Rlx were well tolerated, no fatal AEs
related to treatment were reported. It was similar in drop
out due to AEs, upper GI disorders, venous thrombosis, and
vasodilatation in the both groups: (Aln versus Rlx: drop out
due to AEs: 5 studies, RR: 1.03 (0.77 to 1.36), 𝑃 = 0.85, and
𝐼
2
= 0%; upper GI disorders: 6 studies, RR: 1.10 (0.77 to 1.58),
𝑃 = 0.60, and 𝐼2 = 52%; venous thrombosis: 3 studies, RR:
0.52 (0.10 to 2.86), 𝑃 = 0.45, and 𝐼2 = 0%; vasodilatation:
3 studies, RR: 0.74 (0.54 to 1.01), 𝑃 = 0.06, and 𝐼2 = 0%,
Figure 3). And the evidence quality for the differences among
those AEs risks was moderate to high with the exception for
Aln increase greater risks of upper GI disorders than Rlx,
which was supported by low quality evidence (the quality of
evidence turned out to be high if excluding the outlier study
[20]) (Table 3).

Moderate to high quality evidence showed that Alnwould
increase 133% risks of diarrhea while avoid 57% risks of
vasomotor events compared to Rlx (Aln versus Rlx: diarrhea:
3 studies, RR: 2.33 (1.21 to 4.49), 𝑃 = 0.01, and 𝐼2 = 0%;
vasomotor: 2 studies, RR: 0.47 (0.27 to 0.81), 𝑃 = 0.006, and
𝐼
2
= 0%, Figure 3).

3.5. Heterogeneity and Outlier. Of the main meta-analysis,
substantial heterogeneities were detected in outcomes of LS
BMD (at 12 months: 𝑃 < 0.01, 𝐼2 = 95%) and upper GI
disorders (𝑃 = 0.60, 𝐼2 = 52%). In LS BMD comparison

(at 12 months), Iwamoto’ study was found as an outlier [15].
After omitting this study, the results showed insignificant
heterogeneities across studies (𝑃 = 0.19, 𝐼2 = 35%)
and the estimate effect size (WMD) in LS BMD was only
reduced from 2.92 (95% CI: 2.23 to 3.62) to 2.37 (2.17 to
2.58). Sambrook’s research turned out to be an outlier in the
GI disorders [20]. The heterogeneities in GI disorders were
simultaneously reduced to be minimal (𝑃 = 0.83, 𝐼2 = 0%)
after excluding this study while the differences between Aln
and Rlx in risks of GI disorders turned out to be statistical
(Aln versus Rlx: RR: 1.30 (1.04, 1.63), 𝑃 = 0.02). Since the
twooutlier studieswere identified, the subgroup analysiswere
repeated after excludion of them in LS BMD at 12months and
GI disorders respectively.

3.6. Sensitivity Analysis and Subgroup Analysis. The overall
results of main meta-analysis were not significantly altered
by omitting trials with imputed SEs. Our subgroup analysis
suggested that patterns of administrations in Aln groups,
participants’ age, methodological quality, sample size, or
industrial funding of included studies were not associated
with the overall effect size of the differences in fracture
reduction. The outlier studies did not alter the results of the
subgroup analysis in incidences of GI disorders [15, 20].

The higher risk of Aln in upper GI disorders compared
to Rlx was detected in the subgroups containing studies with
daily administrated Aln (Aln versus Rlx: RR: 1.34 (1.04, 1.72),
𝑃 = 0.02) and with participants over 65 years old (Aln
versus Rlx: RR: 1.32 (1.01, 1.73), 𝑃 = 0.04), which remained
unchanged either including or excluding Sambrook et al.
[20]. Notwithstanding, after excluding Iwamoto’s study [15],
the studies involving weekly treated Aln groups contributed
to a greater difference in LS bone gain between Aln and
Rlx groups compared to those which adopted daily strategies
in Aln groups (weekly versus daily: WMD difference: 0.36,
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Figure 3: Continued.
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Figure 3: Relative risk of discontinuations due to adverse events, upper gastrointestinal disorders related to treatment, diarrhea events,
venous thrombosis events, vasomotor events, and vasodilatation events for postmenopausal women assigned to alendronate compared with
raloxifene.

𝑃 = 0.01), while the difference was not statistical (𝑃 = 0.26)
under the presence of Iwamoto’s study [15] (Table 5).

3.7. Meta-Regression Analysis. Women’s age, BMI, and pat-
tern of Aln administration have no obvious impacts on the
results of fracture (total and nonvertebral fractures) analysis
in our metaregression analysis. Though it was insignificant,
a widening difference was observed that Aln had more
upper GI disorders over Rlx when women’s propensity to
adopt daily Aln administration or participants’ age increased
(Supplementary file 1 in the SupplementaryMaterial available
online at http://dx.doi.org/10.1155/2013/796510).

3.8. Publication Bias. We found no evidence for publication
bias both in vertebral fractures (3 trials) and nonvertebral
fractures (4 trials), according to both Begg’s test and Egger’s
test [28]. Although the Begg’s test funnel plot indicated a
potential absence of small size studies which favored Rlx
groups in total fractures (6 trials), a trim and fill analysis
suggested there were probably 2 missed small trials and the
effect size (RR) would be more close to 1 by including them
(Supplementary file 2).

4. Discussion

Ourmeta-analysis suggested no superiority of Aln over Rlx in
reducing the risk of both vertebral fractures and nonvertebral
fractures within a followup of 12–24 months. Aln was more
effective in increasing BMD than Rlx. Aln reduced the risk of
vasomotor by 57% but increased the risk of diarrhea by 133%
compared to Rlx. Our subgroup analysis further indicated
that the difference between Aln and Rlx in fracture reduction
was not materially altered by administration pattern, age,
methodological quality, sample size, or industrial funding.
The weekly strategy of Aln would further reduce the upper
GI disorders and might gain more bone mass increment
compared to its daily treatment.

4.1. Strength and Evidence Quality. Our meta-analysis was
the first to exclusively comprise head-to-head RCTs, target
postmenopausal women and comprehensively evaluate the

fracture risk, BMD, and the adverse effects.The previous sys-
tematic reviews and the networkmeta-analyses had indirectly
compared the two agents within theirmultiple agents [2, 6, 8].
Based on the data of the individual agent compared with
the placebo, however, their results had poor consistency and
great bias due to the variation in the baseline characteristics
of participants and the administration pattern of drugs
among the trials [10, 11]. The validity of our findings was
further strengthened by strictly following “Cochrane Hand-
book for systematic Reviews of Interventions 5.0.2” [22]. In
particular, we developed the clear criteria of inclusion and
exclusion, thoroughly assessed the methodological quality of
the included studies, and embarked on the quantitative anal-
ysis. Identification of the outlier studies and the sensitivity
analysis was to sort out the source of heterogeneity in the
present analysis, with the purpose of verifying the results.
We also performed the subgroup analysis to comprehensively
evaluate the multiple factors potentially influencing the com-
parative effect. Finally, we used the GRADE system to rigidly
assess the quality of evidence, which we aimed to recommend
for both agents [24]. Generally, our GRADE analysis showed
the evidence of moderate to high quality in most endpoints,
which was higher than the previous pooled analyses [6, 12]
(Table 3).

4.2. Limitations. (a) The combined sample size in current
meta-analysis was still limited. However, a large-scale com-
parative RCT trying to achieve significant fracture prevention
difference of the two agents was destined to be infeasible and
unnecessary, as the sample size would be unfortunately and
unbelievably huge (given the risk fracture of Aln and Rlx
in the present analysis was 2.71% and 2.96%, it would need
over 100,000 patients to confirm the theoretical difference of
0.25%) [29]. In fact, a well-conducted meta-analysis would
always economically and adequately reflect the results of
the large-scaled RCT [30]. The present analysis involving all
available comparative RCTs with moderate to high quality
evidence on the two therapies for postmenopausal women
may provide important information for health care providers
to supplement the clinical trial evidence. (b)The heterogene-
ity was detected in the outcome of LS BMD and GI disorder.
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The outlier was identified as Iwamoto et al. [15] in LS BMD
and Sambrook et al. [20] in GI disorders. The age of each
study (Iwamoto et al.: 69.4, Sambrook et al.: 61.6) which
differed from that of the other trials (62.1∼67.5) might be the
contributor (Table 1). (c)Three studies, lacking adequate ran-
domization, blinding, and concealment of allocation, were
considered as the moderate quality [15, 18, 21]. One of them
also encountered the loss to followup of certain degree [21].
However, our subgroup analysis suggested the conclusions
were not overall influenced by the trial quality. (d) Four
studies [16, 17, 19, 20] were sponsored by the pharmaceutical
companies related to the either agent. Although the bias of
the selective reporting should be considered, the industrial
funding was found not to alter the overall results.

4.3. Interpretation and Clinical Implications. Aln was well
proved to be more potent than Rlx in inhibition of resorption
[31]. Aln could tightly bound to trabecular surfaces where
osteoclasts attached and then disrupted their function after
its ingestion [32]. As for Rlx, it bound to the raloxifene-
estrogen receptor and activated a specific sequence of DNA
known as the Raloxifene Responding Element. The subse-
quent increasing expression of specific cell proteins, which
acted as estrogen agonist, resulted in osteoclast suppression
[33]. Briefly, the more significant efficacy of Aln over Rlx in
BMD increment is probably due to their different pathways
of antiremodeling effect [28, 34, 35].

However, a discrepancy between the statistical difference
in bonemass increment and their similar efficacy in vertebral
and nonvertebral fracture prevention in the current analysis
ought to be cautiously considered. One point should be borne
in mind that the BMD decline only partially accounted for
the osteoporotic bone fracture. Literatures indicated that the
contribution of the increase in BMD accounted for only 4%
of the reduction of vertebral fracture with Rlx compared with
17% with Aln [36–39]. Even though Rlx obtained lower bone
mass increment, its adequate risk prevention of vertebral
fracture has been well established in MORE studies. In
addition, Aln allowed fairly accumulation of microdamage
in the vertebra, which would be offset by its increase in
bone volume though [40], while the positive effect of Rlx on
biomechanical propertiesmight adequately cover the inferior
bone mass increment, which ultimately bridge the gap in
vertebral fracture prevention between both agents.

Currently, Rlx was infrequently prescribed for women
with high risk of nonvertebral fractures [2–4, 6, 8]. In the
MORE study, Rlx 60mg/day did not significant decrease
nonvertebral fracture (RR: 0.91 (0.77, 1.07)) compared with
placebo [4]. A recent network meta-analysis performed by
Murad et al. also demonstrated Aln other than Rlx achieved
a significant reduction in nonvertebral fracture compared to
placebo (Aln: odds ratio (OR): 0.78 (0.66, 0.92); Rlx: 0.90
(0.76, 1.03)) [6]. But the inferiority of Rlx under Aln in non-
vertebral fractures is still highly inconclusive as the definitive
difference was not found in RCTs or systematic reviews. A
latest database study of over 100,000 postmenopausal women
using inverse probability of treatment weights (IPTWs)
method for adjustment highlighted that patients treated with

either Rlx or Aln had similar rates in nonvertebral fracture
after 8 years of adherent treatment [14]. Our pooled data
of head-to-head RCTs also questioned the difference of risk
reduction in nonvertebral fractures between both agents.

Patients’ adherence to drugs, highly influenced by their
tolerance, would substantially affect the benefits of drugs [41–
43].Therefore the potential risk of side effects should be thor-
oughly considered during a decision making. Generally, our
review suggested that both drugs were well tolerated with no
fatal AEs reported. In particular, Aln increased the incidence
of diarrhea while decreased vasomotor events compared to
Rlx, which did not require extra medication and seldom
caused discontinuation [15].The increased phlebothrombosis
was the main concern for Rlx [44, 45]. However, in our meta-
analysis, only 4 venous thrombosis were found (1/990 in Aln,
3/975 in Rlx), which was really rare. Nevetheless, we agreed
that Rlx should be contradicted for postmenopausal women
who are at high risk of deep vein thrombosis [46]. It was
previously demonstrated that postmenopausal women had a
greater propensity to adhere to Rlx and higher satisfaction
on drug administration compared with Aln mainly due to
moreGI disorders associatedwithAln [47, 48]. In our current
analysis, however, the difference of upper GI events and the
discontinuation due to AEs between the two agents were
balanced. Nevertheless, the greater risk of upper GI disorder
of Aln over Rlx was observed when we restricted the analysis
to subgroups with daily administration of Aln or subgroups
with the age over 65. The results were confirmed by our
metaregression analysis. It implied that the daily Aln other
than the weekly Aln increased the frequency of GI irritation.
Besides, the aged women had more difficulty in taking Aln
properly, which contributed to the more GI symptoms [49,
50]. These results provided some references to improve the
compliance of Aln. Although there is not any case reported
in the included studies due to the short-term followup, the
long term risk of atypical fractures and jaw necrosis with Aln
treatment should be under careful surveillance.

5. Conclusions

Although the moderate-to-high-quality evidence supported
that Aln was more effective in increasing the bone mass than
Rlx, themoderate-quality evidence suggested no difference in
risk prevention of either vertebral or nonvertebral fractures
within a followup of 12–24 months. For Aln the weekly
strategy would further reduce the upper GI disorders and
might gain more bone mass increment compared to the
daily treatment. In addition, more diarrhea episodes but less
vasomotor events with Aln should also be considered for
enhancing the patient compliance during decision making.
Which agent, Aln or Rlx, should be preferred for post-
menopausal women remained a patient-oriented matter.
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[46] H. Hansdóttir, “Raloxifene for older women: a review of the
literature,”Clinical Interventions inAging, vol. 3, no. 1, pp. 45–50,
2008.

[47] P. D. Miller, G. Woodson, A. A. Licata et al., “Rechallenge of
patients who had discontinued alendronate therapy because of
upper gastrointestinal symptoms,”ClinicalTherapeutics, vol. 22,
no. 12, pp. 1433–1442, 2000.

[48] E. G. Pasion, S. K. Sivananthan, A. W. Kung et al., “Compar-
ison of raloxifene and bisphosphonates based on adherence



16 International Journal of Endocrinology

and treatment satisfaction in postmenopausal Asian women,”
Journal of Bone and Mineral Metabolism, vol. 25, no. 2, pp. 105–
113, 2007.

[49] J. D. Adachi, R. Y. Faraawi, M. F. J. O’Mahony et al., “Upper gas-
trointestinal tolerability of alendronate sodium monohydrate
10 mg once daily in postmenopausal women: a 12-week, ran-
domized, double-blind, placebo-controlled, exploratory study,”
Clinical Therapeutics, vol. 31, no. 8, pp. 1747–1753, 2009.

[50] B. Ettinger, A. Pressman, and J. Schein, “Clinic visits and hos-
pital admissions for care of acid-related upper gastrointestinal
disorders in women using alendronate for osteoporosis,” The
American Journal of Managed Care, vol. 4, no. 10, pp. 1377–1382,
1998.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


