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Abstract
Summary Our systematic review and meta-analysis of observa-
tional studies indicated that the use of antipsychotics was asso-
ciatedwith a nearly 1.5-fold increase in the risk of fracture. First-
generation antipsychotics (FGAs) appeared to carry a higher risk
of fracture than second-generation antipsychotics (SGAs).
Introduction The risk of fractures associated with the use of
antipsychotic medications has inconsistent evidence between
different drug classes. A systematic review and meta-analysis
was conducted to evaluate whether there is an association
between the use of antipsychotic drugs and fractures.
Methods Searches were conducted through the PubMed and
EMBASE databases to identify observational studies that had
reported a quantitative estimate of the association between use
of antipsychotics and fractures. The summary risk was derived
from random effects meta-analysis.
Results The search yielded 19 observational studies
(n = 544,811 participants) with 80,835 fracture cases.
Compared with nonuse, use of FGAs was associated with a

significantly higher risk for hip fractures (OR 1.67, 95% CI,
1.45–1.93), and use of second generation antipsychotics
(SGAs) was associated with an attenuated but still significant
risk for hip fractures (OR 1.33, 95% CI, 1.11–1.58). The risk of
fractures associated with individual classes of antipsychotic
users was heterogeneous, and odds ratios ranged from 1.24 to
2.01. Chlorpromazine was associated with the highest risk (OR
2.01, 95% CI 1.43–2.83), while Risperidone was associated
with the lowest risk of fracture (OR 1.24, 95% CI 0.95–1.83).
Conclusions FGAuserswere at a higher risk of hip fracture than
SGA users. Both FGAs and SGAs were associated with an in-
creased risk of fractures, especially among the older population.
Therefore, the benefit of the off-label use of antipsychotics in
elderly patients should be weighed against any risks for fracture.
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Introduction

Antipsychotic medications have been increasingly used in the
elderly patients, defined as individuals older than 65 years of
age, for the treatment of dementia, delirium, and other psychi-
atric status [1, 2]. In recent years, concerns have been raised
about the long-term safety profile of antipsychotic medications,
including potential adverse effects such as increased risk of
respiratory infections and cerebrovascular disease [1, 3–6].
The possible association between antipsychotic treatment and
another adverse event, hip/femur fractures, has received much
interest during recent years [7–9] and was postulated that the
use of antipsychotics may have led to an increased tendency to
fall as a result of antipsychotics-related orthostatic hypotension
or sedation [10]. In addition to severe vitamin D deficiency due
to mineralization defect in the elderly patients, long-term use of
some antipsychotic medications have been previously associ-
ated with hyperprolactinemia reduced 25(OH)D concentra-
tions, resulting in defective bone mineralization and higher
propensity for hip and femur fractures from falls [11, 12].

Several epidemiologic studies have suggested an associa-
tion between antipsychotic treatment and hip and femur frac-
tures [7, 13–15]. However, results of these studies have been
inconsistent in the strength of association. Whether antipsy-
chotic treatment may result in clinically significant hip and
femur fracture outcome is still much debated. In addition, it
remains unclear whether second-generation antipsychotics
(SGAs), which have a different adverse effect profile than
first-generation antipsychotics (FGAs), may still increase the
risk of fracture.

Osteoporosis-related hip and femur fractures are a major
public health concern. A survey conducted in the USA reports
that an estimated two million people suffer from osteoporotic
fractures yearly, with a 1-year mortality of 20% [16]. Given
the widespread use of antipsychotics and the high burden of
morbidity and mortality of hip and femur fracture in the elder-
ly, it is important to determine whether there is a relationship
between antipsychotics use and risk of hip and femur fracture.
Therefore, we performed a systematic review with meta-
analysis of existing observational studies to evaluate any as-
sociation between the use of antipsychotics and risks of frac-
tures and to explore potential sources of heterogeneity among
study results. We also investigated whether pharmacological
differences between FGAs and SGAs were related to the oc-
currence of fractures.

Methods

Data sources and searches

The Meta-analysis of Observational Studies in Epidemiology
(MOOSE) guidelines were utilized for meta-analyses of

observational studies [17]. A comprehensive search was con-
ducted in the PubMed database from 1965 to May 2016 and
EMBASE databases from 1974 through May 2016. All avail-
able years were searched without language restrictions, and
the following words were used as search terms: antipsy-
chotics, Chlorpromazine, Haloperidol, Bromperidol,
Fluphenazine, Zuclopenthixol, Pentixol, Flupentixol,
Levopromazine, Perphenazine, Pimozide, Penfluridol,
Sulpir ide, Amisulpr ide, Amoxapine , Asenapine ,
Aripiprazole, Blonanserine, Clozapine, Iloperidone,
Melperone, Olanzapine, Risperidone, Paliperidone,
Quetiapine, Sertindole, Lurasidone, Ziprasidone, fall, osteo-
porosis, and fracture. Bibliographies of all retrieved articles
were also scanned for additional relevant articles. Two inde-
pendent reviewers performed article selection, data extraction,
and assessment of risk of bias. All disagreements were re-
solved by consensus. Studies were included if they met the
following criteria: (i) observational studies, with either cohort
or case-control design; (ii) non-antipsychotic users were
served as the reference group; (iii) reported fracture outcome
risks associated with use of antipsychotics; and (iv) adequate
data were provided to extract risk estimates. We excluded
studies that use FGAs as a reference group or studies which
only reported bone density changes. Clarification of data was
requested from original investigators on an individual basis.

Data extraction and quality assessment

Two trained reviewers independently conducted study selec-
tion, data abstraction, and risk of bias assessment. We then
evaluated the risk of fracture associated with both FGAs and
SGAs. FGAs included haloperidol, thioridazine, chlorproma-
zine, fluphenazine, perphenazine, thiothixene, loxapine, tri-
fluoperazine, mesoridazine, molindone, pimozide, and
promazine, while SGAs included risperidone, olanzapine, clo-
zapine, and quetiapine. When possible, we extracted adjusted
effect estimates (odds ratios (ORs), relative risks (RRs), or
hazard ratios) between outcome measures and the use of
FGAs or SGAs with standard error. Otherwise, we calculated
unadjusted risk ratio with 95% confidence interval using the
raw data. BComprehensive adjustments^ were credited to the
studies that adjusted by age, gender, ethnicity, comorbidities,
and medications. The adjustments were considered as Bfair^ if
residual confounders could have existed even though the stud-
ies have been adjusted for gender, age, and clinical character-
istics. Discrepancies between reviewers were resolved
through mutual consensus.

Data analysis

We qualitatively synthesized data and assessed pooled risk of
fractures for different types of antipsychotics and patient pop-
ulation. Statistical analysis was conducted with Stata 11.0
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(StataCorp, College Station, TX, USA). The Cochran Q χ2

test and I2 statistic were used to assess heterogeneity among
studies. The I2 statistic describes the total variation across
studies attributable to heterogeneity rather than chance [18].
We calculated pooled estimates and 95% CIs of the risk for
antipsychotic use on hip or femur fractures using random-
effects models based on the DerSimoneon and Laird model
to account for the uncertainty associated with statistical het-
erogeneity. For studies that reported risk of fracture for FGA,
SGA, or individual agents separately, we calculated a summa-
ry risk estimate for each study. The summary effect estimates
for each study were then pooled together to obtain an overall
effect estimate. To explore sources of heterogeneity, we per-
formed several sensitivity analyses by predefined study char-
acteristics using random-effects models. Galbraith plots were
used to visualize the impact of individual studies on the over-
all statistical test of heterogeneity, and meta-regression was
used to evaluate the amount of heterogeneity in the subgroup
analysis. Publication bias was examined by funnel plots and
Egger’s test [19]. We used a Btrim and fill^ procedure to im-
pute hypothetical missing studies due to publication bias and
recalculate a pooled OR [20].

Results

Study selection

The search strategy identified 866 articles. Of these, 108 cita-
tions were excluded due to overlap, 726 articles were exclud-
ed on the basis of their title and abstract, and 3 articles were
added after manual search from reference lists of reviewed
literature. A total of 35 potentially relevant articles underwent
detailed full-text review. After full-text review, we included 19
studies that met all eligibility criteria for final quantitative
analysis [7, 8, 13–15, 21–34]. The number of articles excluded
at each stage and the reasons for exclusion of each individual
article at the full-text review stage is outlined in the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) flow diagram (Fig. 1).

Study characteristics

Table 1 outlines the study characteristics of the 19 studies
included in our meta-analysis. These 19 studies included
544,811 participants with 80,835 fracture cases from 12
case–control studies [7, 8, 13, 14, 25–27, 29–31, 33, 34] and
7 cohort studies [15, 21–24, 28, 32]. Six cohorts included only
the elderly population, defined as those aged more than
65 years old [15, 21–24, 32], and seven cohorts included both
adult patients of varying age groups [15, 21–24, 28, 32]. Two
studies included only participants treated with FGAs [23, 29],
3 studies included only participants treated with SGAs [15,

22, 26], and the remaining 14 studies included patients treated
with either FGAs or SGAs.

Study quality

The incorporated studies evaluated either hospital patients or
nursing home residents, and all used appropriate case–control
or cohort design (Table 1). The quality indicators for included
studies are summarized in Table 2. All studies ascertained
fracture outcome by using diagnostic codes on electronic
medical records or ICD-9 CM codes on health insurance
claims database. Only one study reported adjudication of frac-
tures with knowledge of radiological findings. Most studies
studied the exposure to antipsychotics in different risk win-
dow, different types, and different duration. The studies also
varied in the adjusted covariates. All studies made appropriate
adjustments for potential confounders in the multivariate
analysis.

Use of antipsychotic medications and risk of fracture

Table 3 and Fig. 2 demonstrate an increased risk of fracture
associated with use of any antipsychotics (pooled OR, 1.46,
95% CI 1.31–1.64, I2 = 76.8%). Six studies evaluated the
association between use of FGA and the risk of hip and femur
fractures. Use of FGAs was significantly associated with in-
creased risk of hip and femur fractures compared with non-
users with a pooled OR of 1.67 (95% CI 1.45–1.93). There
was moderate heterogeneity among studies (I2 = 29.3%)
(Table 3). Three individual FGAs were available for quantita-
tive analyses. The pooled OR for hip and femur fractures was
2.01 (95% CI 1.43–2.83) for chlorpromazine, 1.93 (95% CI
1.35–2.76) for haloperidol, and 1.91 (95% CI 1.16–3.13) for
thioridazine. Seven studies evaluated the association between
SGA therapy and the risk of hip and femur fractures. As ob-
served in FGA users, users of SGAs were also associated with
increased risk of hip and femur fractures (pooled OR 1.33,
95% CI 1.11–1.58). However, significant heterogeneity was
present among studies (I2 = 66.9%). Unlike the findings with
hip and femur fractures, use of SGAs was not associated with
a significant risk of hip, wrist, or vertebra fractures (pooled
OR 1.19; 95% CI 0.85–1.68, I2 = 76.0%). Data were available
to assess risk of all fractures with use of three specific SGAs.
The pooled ORs for all fractures were 1.49 (95% CI 1.14–
1.94) for olanzapine, 1.47 (95% CI 0.82–2.64) for quetiapine,
and 1.24 (95% CI 0.95–1.62) for risperidone.

Sensitivity analysis

In the sensitivity analyses, we found that use of either FGAs or
SGAs was associated with an increased the risk of fracture
regardless of age, fracture sites, study designs, or background
fracture incidence (Table 4). Galbraith plot (Fig. 3) analysis
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revealed that studies by Chatterjee S, Bolton JM, Howard L,
and Fraser LA may be statistical outliers [14, 15, 22, 27].
Exclusion of the four studies did not change the effect estimate
significantly (meta-regression p = 0.060). Compared with
non-use, antipsychotic use in the elderly population was asso-
ciated with an approximately 1.55-fold increase in the risk of
fractures (RR = 1.55, 95% CI 1.36–1.76), although the differ-
ence was not statistically significant (meta-regression
p = 0.483). Our analysis suggests that the associations were
stronger in studies where the primary endpoint was hip frac-
ture risk (pooled OR = 1.56, 95% CI 1.41–1.73) as compared
with the fracture at any site (pooled OR = 1.20, 95% CI 1.01–
1.43, meta-regression p = 0.015). Stratification of studies by
study design factor did not reduce the heterogeneity of effect
estimates, and the pooled ORs did not differ between case-
control studies (pooled OR = 1.49 95% CI 1.29–1.73) and
cohort studies (pooled OR = 1.41 95% CI 1.14–1.75). We
noted that the strength of association increased from a RR of
1.37 to a RR of 1.52 as the background fracture incidence of
the study population increased from <10 to ≥10%, but the
change was not significant (meta-regression p = 0.229).

Publication bias

The test for publication bias was generally not significant,
except that the Egger’s tests indicated preferred publication
of positive results for SGA (p = 0.01) and haloperidol

(p = 0.06). Trim-and-fill analysis showed that the risk of frac-
ture remained significant for SGAs (OR 1.38, 1.10–1.72) and
haloperidol (OR 1.93, 1.35–2.76) after presumed unpublished
data were included for analysis. The results of Egger’s test
indicated no evidence for publication bias in both FGA and
SGA users (p = 0.85). Among FGA users, no significant ev-
idence of potential publication bias was noted using the
Egger’s test (p = 0.87). The Egger’s test of individual SGAs
including olanzapine (p = 0.80), quetiapine (p = 0.81), and
risperidone (p = 0.94) suggested no significant evidence of
potential publication bias (Table 5).

Discussion

In this meta-analysis comprising 19 observational studies,
pooled results indicated that use of any antipsychotics was
associated with nearly 1.5-fold increase in the risk of fracture
regardless of different study designs, sites of fracture, or age
range of the study. Higher increases in risk were seen among
elderly people, hip fracture site, and in populations with high
background fracture incidence. There has also been previous
disagreement about the type of antipsychotic medications as-
sociated with fracture risk, and we confirmed that risk exists
among both FGAs and SGAs. For individual agents,
Chlorpromazine seemed to be associated with the highest risk
and risperidone seemed to be associated with the lowest risk.

108 citations excluded due to overlap

866 citations identified from literature 
search, 203 form Medline and 663
from Embase database

Citations excluded after full-text review
2 Meta-analysis
6 Outcome of interest not 

studied or reported
1 Only reported bone density 

changes
2 Not relevant to key questions
2 Without a control group
2 No data reported for analysis
1 Only study in female

35 potentially relevant articles 
identified for full-text review

19 articles included in meta-analysis

726 citations excluded based on screening of 
titles and abstracts using pre-defined criteria

3 relevant citations identified from reference 
lists

Fig. 1 PRISMA flow diagram
for selection of articles for meta-
analysis
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However, these results should be interpreted in the context of
indication bias, statistical and clinical heterogeneity among
studies.

Our findings are supported by two previous meta-analyses,
which found that antipsychotic use was significantly associat-
ed with increased risk of fracture. Review by Takkouche et al.
summarized 12 studies and reported a pooled OR of 1.59
(95% CI 1.27–1.98) for patients taking either an FGA or
SGA [35]. A later review by Oderda was able to report a
differential risk of fracture associated with use of FGAs (OR
1.68, 95% CI 1.43–1.99) or SGAs (OR 1.30, 95% CI 1.14–
1.49) [36]. Our up-to-date meta-analysis was able to comple-
ment previous studies by identifying nine additional eligible
studies, computing a pooled summary estimate for individual
agents, and determining important sources of heterogeneity
through rigorous sensitivity analyses. In our analysis,

heterogeneity of strengths of association may reflect differ-
ences in background incidence of fracture in the study popu-
lation, the distribution of age, or differences in study design.

Antipsychotic medications have also been found previous-
ly to be associated with hypotension, sedation, and gait abnor-
malities; therefore, it is possible that falls are the mechanism
by which these drugs increase fracture risk [37]. In our meta-
analysis, we did not evaluate fall risk into our subgroup anal-
ysis due to the lack of studies that assessed this outcome.
Among the 19 studies included in the meta-analysis, only
two studies reported data on fall risk. Kolanowski et al. [28]
found that among community-dwelling patients with demen-
tia, use of antipsychotics was associated with a higher risk of
fall (OR = 2.88, 95% CI 1.17–7.11) than no use. In their
subgroup analysis, no significant difference was observed be-
tween FGAs (OR = 2.16, 95% CI 1.26–3.69) and SGAs

Fig. 2 Forest plot of risk of
fracture associated with
antipsychotics

Table 3 Summary of subgroup
analysis of studies of the
association of antipsychotics and
risk of fracture

Category Number of studies Summary estimate (95% CI) I2 (%)

Use of any antipsychotics 19 1.46 (1.31–1.64) 76.8

First-generation antipsychotics 6 1.67 (1.45–1.93) 29.3

Thioridazine 4 1.91 (1.16–3.13) 91.4

Haloperidol 5 1.93 (1.35–2.76) 84.7

Chloropromazine 3 2.01 (1.43–2.83) 55.3

Second-generation antipsychotics 7 1.33 (1.11–1.58) 66.9

Olanzapine 4 1.49 (1.14–1.94) 2.9

Quetiapine 3 1.47 ( 0.82–2.64) 73.0

Risperidone 6 1.24 (0.95–1.62) 60.1
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(OR = 2.11, 95% CI 0.97–4.61). Fraser et al. [15] investigated
the risk of falls with SGAs and found that SGA users had a
50% increased risk of fractures and falls. Assuming the ob-
served association is causal, the estimated number-needed-to-
harm with FGA therapy for hip fractures would be 495 in
countries with high incidences of hip fracture such as
Denmark (574/100,000) and 3952 in countries with low inci-
dences of hip fracture such as Ecuador (73/100,000) [38, 39].
With an estimated 3% of the elderly population taking anti-
psychotic agents, use of antipsychotic agents may contribute
substantially to the burdens of osteoporotic fracture in the
elderly [40]. If we assume an OR of 1.55 and a prevalence
of use of antipsychotic agents of 3%, we can conclude that
antipsychotic medication accounts for 35.5% of hip fracture
cases among people taking antipsychotic agents, and 1.6% of
cases among the entire population. Among people living in

nursing homes, where the prevalence of antipsychotic use is as
high as 20%, an estimated 9.9% of hip fracture may be attrib-
utable to the use of antipsychotics.

The use of antipsychotic medications in the elderly popu-
lation is not inevitable. A previous survey showed the main
indications for antipsychotic use in the elderly are dementia
(26.12%), anxiety (20.42%), and schizophrenia (6.62%) [41].
Except for schizophrenia, the psychiatric symptoms for pa-
tients with dementia or anxiety may be managed with alterna-
tive medication with smaller risk for fall or fracture. Non-
pharmacological interventions, such as the use of memory
assistive aids, physical activity, bright-light therapy, aroma-
therapy, and music therapy, have shown promising results in
the management of the behavioral and psychological symp-
toms of dementia in several studies [42, 43]. In addition, the
survey also reported of the elderly receiving antipsychotic

Fig. 3 Galbraith plot of risk of
fracture associated with
antipsychotic use

Table 4 Sensitivity analysis
Category Number of studies Summary estimate (95% CI) I2 (%)

Use of FGAs or SGAs 19 1.46 (1.31–1.64) 76.8

Exclude statistical outliers 15 1.47 (1.35–1.60) 37.4

Age group

Elderly population 16 1.55 (1.36–1.76) 62.6

Fracture sites

Hip or femur fracture 15 1.56 (1.41–1.73) 60.8

Fracture at any site 5 1.20 (1.01–1.43) 61.5

Study design

Cohort studies 7 1.41 (1.14–1.75) 72.8

Case–control studies 12 1.49 (1.29–1.73) 78.8

Background fracture rate

Fracture rate less than 10% 8 1.37 (1.14–1.66) 74.1

Fracture rate greater than 10% 11 1.52 (1.30–1.79) 79.8
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agents, 50.39% received SGAs and 51.88% received FGAs
[41]. As this meta-analysis revealed, SGAs, especially risper-
idone, were associated with a lower risk for incident osteopo-
rotic fracture as compared to FGAs. Therefore, for elderly
patients at high risk for hip fractures but with compelling
indications for antipsychotic treatment, SGAs, especially ris-
peridone, should be considered in the absence of
contraindications.

Results of our study should be interpreted in light of both
strength and limitations. This meta-analysis has a large sam-
ple size and included studies on both FGAs and SGAs.
Therefore, we were able to provide pooled effect sizes for
several commonly used antipsychotic agents performed sev-
eral sensitivity analyses to determine the source of heteroge-
neity. Second, combining the reported population statistics
and effect estimates in this meta-analysis, we were able to
quantify the population impact of antipsychotic use on the
osteoporotic fracture for the elderly. Such figures may in-
form the drug use policy making in the future. However,
there are several limitations needed to be discussed. First,
there was substantial heterogeneity across the studies.
Different study design, age, population characteristics, back-
ground fracture incidence rate, and the prevalent types of
antipsychotic agents in use may be the sources of heteroge-
neity. We used random-effects models to account for the
statistical heterogeneity, but it could not account for the clin-
ical heterogeneity. The subgroup analysis did not investigate
the associations specifically in each gender due to lack of
data from individual studies. Second, the risk of bone frac-
ture from antipsychotic therapy we observed could represent
residual confounding, such as bone mineral density, lifestyle,
and physical activity. Adjusting for confounding in observa-
tional studies may not be adequate as there could be other
unknown confounders preventing the full adjusted analysis.
However, most studies included in this meta-analysis used

administrative database with rich covariate information. The
unmeasured confounders, if any, must be strongly associated
with both the use of antipsychotic medication and fracture
outcome to account for the observed association.

In conclusion, our results support the idea that use of both
FGAs and SGAs may increase the risk of hip and femur
fractures, which is biologically plausible based on the poten-
tial fall risk and direct toxicity to bone mineralization of the
antipsychotics [11, 44]. The 1.5-fold increased risk of frac-
ture associated with antipsychotic use that the meta-analysis
reveals suggests that antipsychotic medications may be re-
sponsible for more than 1.6% of hip and femur fracture
cases in the elderly population, a figure that will likely in-
crease as off-label use of antipsychotic medication in the
elderly becomes more common. Fractures should become
known alongside other documented associations and risks
of respiratory infections, diabetes, and cerebrovascular dis-
ease [45]. Given the inherent limitation of observational
studies, it may not be ethical to conduct a large randomized
controlled trial with the specific aim on the harmful effect of
antipsychotics on fractures. It is possible to perform meta-
analysis analyses of previous randomized pharmaceutical
controlled trials which assessed the effect of antipsychotics
and collected information on fracture and fall to confirm the
causality. In addition, future well-designed epidemiological
studies can be conducted that examine the association be-
tween antipsychotic use and fracture risk. Such studies
should incorporate more comprehensive adjustments for
confounders, risk estimates based on individual antipsychot-
ic agents and prescribing indications, and outcome measures
that consider various fracture sites in addition to fall risk.
Before such evidence is available, the benefit of off-label
use of antipsychotic medications in elderly patients with
conscious or behavioral disturbance should be weighed upon
the increased risk of hip and femur fractures.

Table 5 Tests for publication
bias and trim-and-fill ORs Exposure categories Publication bias

(Egger P value)
Trim-and-fill OR

Use of any antipsychotics 0.85 –

Use of first-generation antipsychotics 0.87 –

Use of second-generation antipsychotics 0.01 1.38 (1.10–1.72)

Individual agents

First-generation antipsychotics

Thioridazine 0.27 –

Haloperidol 0.06 1.93 (1.35–2.76)

Chloropromazine 0.26 –

Second-generation antipsychotics

Olanzapine 0.80 –

Quetiapine 0.81 –

Risperidone 0.94 –
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