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Abstract The relationship between hip fracture risk and
opioid use remains controversial. Thus, we performed a
meta-analysis to assess the risk of hip fracture among opi-
oid users. PubMed and EMBASE were searched for stud-
ies published from the inception of the databases until June
2015. The information was extracted independently by two
teams of authors. When the heterogeneity was significant,
the random-effects model was used to calculate the over-
all pooled risk estimates. Ten studies with 697,011 patients
were included in the final meta-analysis. The overall com-
bined relative risk for the use of opioids and hip fracture
was 1.54 [95 % confidence interval (CI) 1.34-1.77]. Sub-
group analyses revealed sources of heterogeneity, and sen-
sitivity analysis indicated stable results, and no publication
bias was observed. This meta-analysis demonstrates that
opioids significantly increase the risk of hip fracture.
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Introduction

Hip fracture is a common cause of disability and mortal-
ity among the elderly [1]. It is predicted that the number
of hip fractures will rise to 6.26 million worldwide by
2050 [2]. Therefore, hip fractures remain a severe pub-
lic health problem. The risk factors for hip fracture have
become an important topic. Several factors may be associ-
ated with hip fractures, including cigarette smoking [3],
serum estradiol levels [4], serum vitamin D levels [5], and
opioid use [6]. Opioids are widely used for their and psy-
chotropic effects and also cause drowsiness, sedation and
cognitive impairment, which results in an increased risk
of hip fracture [7-10]. However, the misuse of opioids is
increasing and frequently results in accidental overdoses
and mortality [11]. Therefore, the relationship between
opioid use and hip fracture risk warrants attention. Pre-
vious studies have described a relationship between opi-
oid use and an increased risk of hip fracture [9, 12-15],
whereas others have failed to demonstrate a significant
increase in the risk of fracture in the setting of opioid use
[16, 17]. A previous meta-analysis [8] suggested that opi-
oids are associated with a 36 % increase in the risk of hip
fracture. However, only a small number of studies on opi-
oids were included in this analysis, which did not allow
for firm conclusions because of the potential for both het-
erogeneity and publication bias [8]. A previous meta-anal-
ysis by Teng et al. [6] demonstrated that opioids cause
a two-fold increase in the risk of hip fracture; however,
only three cohort studies on opioids were included in their
analysis.

Therefore, the relationship between hip fracture risk
and opioid use remains controversial. Thus, we performed
an updated meta-analysis to assess the risk of hip fracture
among opioid users.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00774-016-0755-x&domain=pdf

290

J Bone Miner Metab (2017) 35:289-297

Materials and methods
Search strategy and data sources

We searched MEDLINE (PubMed) and EMBASE (1947
to June 24, 2015) for observational studies describing the
relationship between opioid use and hip fracture risk, with-
out restrictions. We also searched the bibliographies of the
retrieved articles to identify additional studies. We used
the following search terms—(1) fracture*[Title/Abstract]
OR ‘Fractures, Bone’[Mesh] OR ‘Hip fractures’[Mesh]
OR Hip fracture*[Title/Abstract], and (2) opioid*[Title/
Abstract] OR ‘Analgesics, Opioid’[Mesh].

Study selection

Studies were considered eligible if they met the following
criteria—(1) presented original data from a cohort study or
a case—control study or a case-crossover study, (2) evalu-
ated the relationship between opioid use and hip fracture
incidence, (3) studied opioids as the exposure of interest,
and (4) provided relative risks, odds ratios, hazard ratios
(HRs) or adjusted relative risks (RRs) and corresponding
95 % confidence intervals (Cls). If the data were duplicated
or the population was studied in more than one study, we
included the study with the largest sample size and the
most comprehensive outcome evaluation.

Data extraction and quality assessment

Two teams of investigators (FP, YW, JW, JC, WZ, YL, and
HZ) independently evaluated the eligibility of the studies
based on the pre-determined selection criteria. Addition-
ally, a cross-reference search of eligible articles was con-
ducted to identify studies not found during the comput-
erized search. The two teams of authors independently
extracted the following data—the first author’s name, the
year of publication, age of the patients, study regions, years
of follow-up, study design, HR or RR or OR and 95 % CIs,
and statistical adjustments for confounding factors. Any
disagreements were resolved by discussion or in consulta-
tion with the co-corresponding authors (YL and HZ).

Statistical analyses

We investigated the relationship between the use of opi-
oids and the risk of hip fracture using adjusted data for the
primary analyses. We computed a pooled RR and 95 %
CI from the adjusted RRs or HRs or ORs and 95 % Cls
reported in the studies. The HRs or ORs were considered
corresponding variables to the RRs. The Cochran Q and />
statistics were used to evaluate the statistical heterogene-
ity [18]. When the P value was <0.1 and the P value was
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>50 %, the data were considered heterogeneous, and a ran-
dom-effects model (Der-Simonian and Laird method) [19]
was utilized because it represented a more conservative
approach to the calculation of a weighted estimate effect
using an RR. Otherwise, a fixed-effects model [20] was
used to estimate the overall summary effect sizes when no
heterogeneity was present in the included studies. To fur-
ther explore the origin of the heterogeneity, we also per-
formed subgroup analyses of study design and study region
before performing additional analyses. For the cohort stud-
ies, we performed a subgroup meta-analysis of prospective
and retrospective cohort studies.

Data analysis

To assess the stability of our results, a sensitivity analysis
(by excluding each single study in turn) was conducted to
estimate the influence of individual studies on the pooled
result. We used Egger’s test (linear regression method) [21]
and Begg’s test (rank correlation method) [22] to assess the
potential for publication bias.

Results
Literature search and study characteristics

A total of 1,264 articles were identified in the initial search.
Of these, 1,242 were excluded after reviewing the titles and
abstracts and removing duplicates and irrelevant articles.
Twenty-two relevant studies remained for further review.
After thoroughly reading the full text of each study, we
excluded 12 studies without data on the risk of hip fracture.
We included ten studies with 697,011 patients in our final
analysis (Fig. 1) [9, 12-17, 23-25]. Of the ten studies, four
[14, 17, 23, 24] were case—control studies, four [12, 13, 16,
25] were prospective cohort studies, one [9] was a retro-
spective cohort study, and one [15] was a case-crossover
study. Two [16, 25] studies were from the United States,
two [17, 24] were from Denmark, two [9, 12] were from
Sweden, two [13, 14] were from the United Kingdom, one
[23] was from Canada, and one [15] was from Australia.
The general characteristics of the studies are summarized
in Table 1.

Primary analysis

The meta-analysis of the ten studies, which included
697,011 individuals, demonstrated a significant, positive
correlation between opioid use and hip fracture risk (RR
1.54, 95 % CI 1.34-1.77). Additionally, substantial hetero-
geneity was observed (P = 0.000, I = 84.6 %) (Fig. 2).
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1264 identified studies from the database
PubMed:(n=494) EMBASE:(n=770)

1242 studies were excluded based on
removing duplicates, screening title
and abstract with inclusion criteria
and no relevant content.

22 highly relevant identified studies were remained for
the further review.

12 studies were excluded based on
no adequate data.

R —

10 studies were finally included in our meta-analysis.

Fig. 1 Flow chart illustrating the literature search for studies on the
association between opioids and hip fracture

Subgroup meta-analysis

A subgroup meta-analysis was performed according to
study design. We observed a significant, positive correla-
tion between opioid use and hip fracture risk in both the
case—control and the cohort studies. However, substantial
heterogeneity was also observed in each type (case—control:
P = 0.085, I = 54.6 %; cohort: P = 0.005, I> = 73.0 %)
(Fig. 2). For the cohort studies, we subsequently performed
a subgroup meta-analysis of the prospective and retrospec-
tive cohort studies and observed a significant, positive cor-
relation between opioid use and hip fracture risk in the
prospective cohort studies. No statistical heterogeneity
was observed in the prospective cohort group (P = 0.265,
P =244 %) (Fig. 3). For the case—control studies, after
omitting a single [23] study, we observed a significant, pos-
itive correlation between opioid use and hip fracture risk,
and no heterogeneity was observed (Fig. 4).

The subgroup analysis by region demonstrated a signifi-
cantly increased fracture risk in conjunction with the use
of opioids. However, substantial heterogeneity was also
observed in both the European group and American group
(Europe: P = 0.075, P = 50.0 %:; America: P = 0.007,
> =79.6 %) (Fig. 5). In the American group, after omitting
a single study [25], we observed a significant correlation
between opioid use and hip fracture risk, and no heteroge-
neity was observed (Fig. 6).

A subgroup analysis was performed according to the
above analysis. We assigned one case-crossover study [15]
and three studies [9, 23, 25], which may have contributed
to the above-mentioned heterogeneity, to group 1; the other
studies were assigned to group 2. We observed a signifi-
cant, positive correlation between opioid use and the risk

of hip fracture in group 1. No statistical heterogeneity was
observed in group 1 (Fig. 7).

Sensitivity analysis

To evaluate the robustness of our analysis, we conducted
a sensitivity analysis by recalculating the pooled results of
the primary analysis by excluding one study per iteration.
The outcome demonstrated that the exclusion of any single
study did not alter the overall combined result (Fig. 8).

Publication bias

The Begg rank correlation test and the Egger linear
regression test demonstrated no evidence of publication
bias among the studies (Begg, P > Iz = 1.000; Egger,
P =0.713,95 % CI —4.45 to 3.19) (Figs. 9, 10).

Discussion

This meta-analysis demonstrated a significant positive cor-
relation between opioid use and the risk of hip fracture (RR
1.54, 95 % CI 1.34-1.77). These findings are comparable
with a meta-analysis by Teng et al. [6], which demon-
strated a significantly increased risk of hip fracture second-
ary to opioid use. Additionally, our results are comparable
with those of meta-analyses analyzing the relationships
between other factors and hip fracture risk. For instance, a
study by Wu et al. [26] reported that high vitamin A intake
and retinol increased the risk of hip fracture. Furthermore
a study by Shen et al. [3] revealed that cigarette smoking
may play an important modifiable role in the development
of hip fracture (RR 1.30, 95 % CI 1.16-1.45), and a study
by Takkouche et al. [8] reported a significant positive cor-
relation between the use of psychotropic medications and
the risk of hip fracture. Additional studies on opioid medi-
cations have suggested that opioids are associated with
a 31 % increase in hip fracture risk (RR 1.31, 95 % CI
1.24-1.40). However, only six trials were included in the
study by Takkouche et al., which did not allow for conclu-
sions to be drawn because of the potential for both hetero-
geneity and publication bias. In the meta-analysis by Teng
et al., the pooled results indicated that opioids contribute
significantly to the risk of hip fracture (RR 2.00, 95 % CI
1.84-2.19); however, only four cohort studies with 471,795
patients were included. In the present study, we performed
a meta-analysis including ten studies with 697,011 patients
to evaluate the relationship between opioid use and hip
fracture risk. Substantial heterogeneity was also observed;
however, the findings were stable and robust based on our
sensitivity analysis.
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Opioids are widely used for their analgesic and psy-
chotropic effects, which may cause dizziness, drowsi-
ness, sedation and cognitive impairment, resulting in an
increased risk of hip fracture [7-10]. Additionally, as dis-
cussed previously [6], opioids may affect the endocrine
system, mediating the suppression of both innate and
acquired immunity, and may decrease bone mineral den-
sity, which may weaken bone structure by interfering with

bone metabolism [27-29]. As elderly persons are suscepti-
ble to both osteoporosis and pain, the opioids used to treat
pain in this population may also increase the risk of subse-
quent hip fractures.

Heterogeneity was observed in this meta-analysis. First,
we performed a subgroup analysis by study design. We sub-
sequently analyzed each subgroup. For example, regard-
ing the cohort group, we performed a subgroup analysis in
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Fig. 4 Forest Plot of RR with
CI for opioid use and hip frac-
ture risk according to case—con-
trol studies after omitting one
study in a fixed-effects model
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which the prospective cohort studies were assigned to one
group, and the retrospective cohort studies were assigned
to another group. We observed that the retrospective cohort
studies [9] may have contributed to the above-mentioned
heterogeneity. Regarding the case—control group, we omit-
ted a study [23] and observed that the heterogeneity disap-
peared in the case—control group, which indicated that this
study [23] may have introduced the heterogeneity. After
carefully reading the original studies, we observed that this
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study [23] focused on only two types of opioids (codeine
and propoxyphene). Therefore, the types of the opioids
used may have introduced the heterogeneity. Second, we
performed a subgroup analysis by region. We analyzed the
American group after omitting one study [25] and observed
that the heterogeneity disappeared, which indicated that
the study [25] contributed to the heterogeneity. A possi-
ble reason for the heterogeneity may have been the inclu-
sion of studies conducted in different regions. Third, we
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omitted three studies [9, 23, 25] that may have contributed
to the heterogeneity before performing the meta-analysis.
However, we still observed substantial heterogeneity. After
excluding a case-crossover study [15], we observed that
the heterogeneity disappeared, which indicated that the
study [15] contributed to the heterogeneity. We ultimately
surmised that four studies [9, 15, 23, 25] played a key role
in the heterogeneity. Therefore, study design, region and
the type of opioid used may increase heterogeneity. Iden-
tifying the source of heterogeneity was important for our
meta-analysis.

The combined result of our meta-analysis was stable and
robust according to our sensitivity analysis, and publication

bias was not observed. However, previous meta-analyses
evaluating the relationship between opioid use and hip frac-
ture risk did not perform a sensitivity analysis or test for
publication bias. Therefore, their results are ambiguous.

A major strength of our study was that compared with
the original included studies, the increased number of par-
ticipants enhanced the power to identify a significant posi-
tive correlation between opioid use and fracture risk and
provided more precise estimates of the effects of opioid
use. Most of the studies had large sample sizes and accu-
rate outcome assessments. Additionally, although a high
I (84.6 %) was present for hip fracture risk, we identified
heterogeneity sources by performing subgroup analyses.
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Fig. 8 Sensitivity analysis of
the relationship between opioid
use and hip fracture risk
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Fig. 9 Egger’s publication bias plot
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Fig. 10 Begg’s funnel plot of the 10 studies
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Despite the advantages of this study, some limitations
must also be discussed. First, although we searched for all
possible studies describing the relationship between opi-
oids and hip fractures, study eligibility was limited to stud-
ies published in English. Additionally, we may have missed
studies that were excluded from the computer databases
used in our search. Second, although we did not observe
publication bias, publication bias could not be completely
ruled out. Therefore, the pooled effect measure may not
have been absolutely precise. Third, although the sources
of the heterogeneity were identified, several other factors
may have contributed to its development, including ethnic-
ity, opioid dose, participant education level, socioeconomic
class and confounding variables. We will evaluate these
factors in the future when the necessary data are available.
Fourth, as was the case with the results of the previous
study, these results cannot be generalized to other popula-
tions, particularly Asian populations. Therefore, studies
on Asian populations are necessary. Fifth, some limita-
tions described in the study by Teng et al. [6] persisted in
this study. For example, we were unable to determine hip
fracture timing. Hence, additional research on hip fracture
timing is needed. Finally, the quality of the included stud-
ies was not evaluated, and no high-quality original studies,
such as randomized controlled trials, have been published.
Therefore, large randomized controlled trials and higher
quality analyses remain necessary as additional relevant
data become available.

In conclusion, our meta-analysis demonstrates that opi-
oid use may significantly increase hip fracture risk. Further
higher quality studies, such as randomized controlled trials,
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especially dose-response studies that research opioids and
hip fracture, are urgently required.
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