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Background: Older adults throughout the developed world are at significant riskAbstract
of osteoporotic fractures. Many studies have examined the relationship between
the use of psychotropic medications and the risk of fractures, but these studies
have reported conflicting results.

Purpose: To resolve discrepancies, we carried out a meta-analysis to assess the
risk of fractures among users of several classes of psychotropic drugs.

Data sources: We retrieved studies published in any language by systematically
searching MEDLINE, LILACS, EMBASE and ISI Proceedings databases and by
manually examining the bibliographies of the articles retrieved electronically as
well as those of recent reviews.

Study selection: We included 98 cohort and case-control studies, published in 46
different articles, that reported relative risk (RR) estimates and confidence inter-
vals (CIs) or sufficient data to calculate these values.

Data synthesis: Study-specific RRs were weighted by the inverse of their
variance to obtain fixed- and random effects pooled estimates. The random effects
RR of fractures was 1.34 (95% CI 1.24, 1.45) for benzodiazepines (23 studies),
1.60 (95% CI 1.38, 1.86) for antidepressants (16 studies), 1.54 (95% CI 1.24,
1.93) for non-barbiturate antiepileptic drugs (13 studies), 2.17 (95% CI 1.35, 3.50)
for barbiturate antiepileptic drugs (five studies), 1.59 (1.27, 1.98) for antipsychot-
ics (12 studies), 1.15 (95% CI 0.94, 1.39) for hypnotics (13 studies) and 1.38 (95%
CI 1.15, 1.66) for opioids (six studies). For non-specified psychotropic drugs (10
studies), the pooled RR was 1.48 (95% CI 1.41, 1.59).

Limitations: Main concerns were the potential for residual confounding and for
publication bias.

Conclusion: Globally, the increase in the risk of fractures among psychotropic
drug users is moderate. Further research is needed, especially to examine high-risk
populations and newer medications. Future studies should be prospective and
emphasise control of confounding bias.
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Background Psychotropic medications are widely used. About
5.5% of adults in the US use them on a regular
basis.[11] The consumption of some psychotropicAs aging populations around the world grow,
drug classes, such as antidepressants, is expected toosteoporotic fractures and hip fractures in particular
rise as only half of the cases of depressive illnessare becoming an increasingly important public
receive adequate medication.[12]

health concern. Worldwide projections estimate that
Many observational studies have examined thethe annual number of hip fractures will have swelled

relationship between the use of psychotropic drugsto 2.6 million by the year 2025 compared with 1.3
and fractures. The large majority have focused onmillion in 1990.[1] In the US, the number of hospital
the risk derived from the use of benzodiazepines.admissions for hip fracture increased from 230 000
Although the results of some studies globally sug-to 340 000 between 1988 and 1996.[2]

gest that patients who are prescribed these medica-
Once a fracture has occurred, it often represents a tions have a higher risk of fractures,[3] other recent

devastating milestone event in the life of an older studies have failed to demonstrate a significant in-
adult, frequently leading to disability and death.[3]

crease in the risk.[13,14] A meta-analysis that re-
About a quarter of women and a third of men die viewed studies published before 1996 showed that
within a year after a hip fracture, the worst kind of the risk of falls was slightly increased among
fracture that may occur in elderly people.[4] Many psychotropic drug users.[15] To date, no comprehen-
others are institutionalised. The total direct medical sive meta-analysis has addressed the risk of fracture
costs for osteoporotic fractures among American associated with the use of psychotropic medications.
postmenopausal women, estimated in 1994, re- Therefore, we conducted a meta-analysis with
present approximately $US61 billion.[5] Effective the objective of measuring this risk among users of
strategies to prevent fractures in older adults are several defined classes of psychotropic drugs:
clearly needed. benzodiazepines, antidepressants, antiepileptic

drugs, antipsychotics, hypnotics and opioids. In thisAlthough unintentional injuries (fractures) may
work, we followed the Meta-analysis of Observa-be caused by a variety of causes including car
tional Studies in Epidemiology (MOOSE) guide-crashes, approximately 95% of hip fractures among
lines.[16]older adults are due to falls and some of these falls

may be preventable.[6] Previous research has sug-
Literature Search Methodologygested that reducing the burden of psychotropic

medications may improve the risk of falls.[7] Al-
though fractures are related to falls, they should be Study Selection
considered as distinct events and should be studied
separately for several reasons. First, one should bear We conducted a systematic computerised MED-
in mind that approximately a third of adults >65 LINE search from 1966 to December 2005 to identi-
years of age fall at least once every year and, among fy all potentially eligible studies. A study was de-
those who fall, only 5% will experience a frac- fined as an analysis of exposure to any psychotropic
ture.[8,9] Secondly, although some drugs may change medication; thus, one publication could report sev-
the risk of fractures by changing the risk of falls, eral studies. We applied the following algorithm
other drugs, such as diuretics, have an effect on using both Medical Subject Heading (MeSH) terms
fractures without exerting their action on falls, but and free text words: (‘fracture*’ OR ‘fall*’) AND
rather on the calcium balance and osteoporosis.[10] (‘Central Nervous System agent*’ OR ‘psycho-
Finally, in most databases, fractures are more accu- tropic*’ OR ‘antidepressant*’ OR ‘anticonvulsant*’
rately captured than simple falls and their mecha- OR ‘antiepileptic*’ OR ‘barbitur*’ OR ‘neurolep-
nism of injury or E-codes are generally not men- tic*’ OR ‘psychotropic*’ OR ‘benzodiazepine*’ OR
tioned. A diagnosis of fracture is much more accu- ‘antipsychotic*’ OR ‘hypnotic*’).
rate than that of fall, which allows a greater To identify as many relevant studies as possible,
comparability between different studies. we performed a second search, introducing the
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words from the initial search in an unstructured egorised separately from those focused on
fashion. We used similar strategies to search EM- benzodiazepines.
BASE (1980–December 2005) and LILACS (Latin
American and Caribbean Health Sciences Litera- Quality Assessment
ture) databases. We searched meeting abstracts us-
ing the ISI Proceedings database from its inception Quality assessment was based on a 10-point scale
in 1990 to 2005. We also examined the references of that included elements of previous published scales,
every article retrieved and those of recent reviews adapted to the needs of this meta-analysis.[18,19] Each
and monographs on the topic.[3] We included any study was scored from 0 to 10 according to five
relevant article, regardless of the language of publi- methodological characteristics. Each item was
cation. Unpublished studies were not considered. scored from 0 to 2. Specifically, for case-control
All searches were carried out independently by two studies we determined: (i) whether participation rate
epidemiologists (Dr Takkouche and Dr Montes- was at least 80% in both groups; (ii) whether cases
Martínez) and differences were settled by consen- were incident or prevalent; (iii) whether controls
sus. were taken from the general population or from one

or various hospitals; (iv) whether potential con-
Inclusion Criteria founding for sex, age and cognitive and physical

impairment was corrected or prevented throughStudies were included if they met the following
matching or adjustment; and (v) whether duration ofcriteria: (i) they presented original data from case-
exposure to psychotropic medications was accurate-control or cohort studies; (ii) the outcome of interest
ly presented. For cohort studies, in addition to thewas clearly defined as fracture (falls not followed by
criteria mentioned previously that were not specificfractures were not included); (iii) the exposure of
of case-control designs, we determined whether lossinterest was a psychotropic medication; and (iv)
to follow-up was <20% of the initial cohort size andthey provided relative risk (RR) estimates and confi-
whether efforts were made to assure that no substan-dence intervals (CIs) or provided enough data to
tial change in the exposure of the cohort occurredcalculate them (raw data, p-value or variance esti-
during follow-up.mate). If data were duplicated in more than one

For stratification purposes, studies that scored ≥7study, the most recent study was included in the
out of 10 were considered of high quality. Theanalysis. When a study used more than one control
results with other cut-off points were similar andgroup, we reported the average RR estimate.[17]

were not considered further. The complete protocolWe excluded those studies that did not provide
for quality scoring is available upon request.adjusted or crude data of RR and those studies that

were cross-sectional in nature.
Data Analysis

Data Collection
We weighted the study-specific adjusted log odds

We developed a questionnaire and recorded ratios (ORs) for case-control studies and log RRs for
study name, year of publication, study design, sam- cohort studies by the inverse of their variance to
ple size (cases and controls or cohort size), type of compute a pooled RR and its 95% CI. We consid-
controls for case-control studies (hospital or popula- ered the OR to be an approximation of the RR. We
tion controls), variables used for adjustment, match- presented both fixed and random effects pooled
ing or restriction, and association measures that estimates, but preferentially used the latter when
compared ever users of psychotropic drugs with heterogeneity was present, as it represents a more
‘never users’. conservative approach. We used the DerSimonian

Although the term ‘hypnotics’ may have referred and Laird’s Q test to check for heterogeneity.[20] To
in part to benzodiazepines, many studies did not quantify this heterogeneity, we calculated the pro-
specify the individual drugs included under this portion of the total variance due to between-study
term. Therefore, studies on hypnotics were cat- variance (Ri statistic).[21]
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To further explore the origin of heterogeneity, we with unspecified psychotropic medica-
restricted the analysis to subgroups of studies de- tions.[30-32,47,55,56,63,66-68]

fined by characteristics such as case-control or co-
hort design, adjustment factors and source of con-

Benzodiazepines
trols (population or hospital based). We carried out
separate analyses for each class of psychotropic

The 16 case-control studies[14,17,26-39] 1 and sevenmedication. In addition, in those studies where mul-
cohort studies[40-46] 2 that dealt with the use oftiple fracture sites were analysed and no overall RR
benzodiazepines were published between 1987 andor OR was given, the reported results were pooled.
2005. Ten case-control studies used population con-We used funnel plots to assess publication bias
trols and six used hospital-based controls. Globally,graphically and completed this assessment by carry-
there was a moderate but significant increase in theing out more formal testing using the asymmetry test
risk of fractures among benzodiazepine users. Com-proposed by Egger et al.[22]

pared with non-users, the random effects pooled RRWhen publication bias was detected by the
of fractures among benzodiazepine users was 1.34graphical and test methods, we performed a sensitiv-
(95% CI 1.24, 1.45) [table II]. We did not find anyity analysis and recalculated the pooled RR using
evidence of a substantial difference in pooled RRsthree assumptions: (i) published case-control studies
according to study design (case-control vs cohort),included in our meta-analysis represent only half of
type of control (population-based vs hospital-based)the studies ever conducted; (ii) the remaining un-
or duration of action (long-term vs short-termpublished studies have found no association be-
benzodiazepine therapy).tween psychotropic medications and fractures (i.e.

Heterogeneity was moderate to large amongRR = 1) and; (iii) the unpublished studies included
case-control studies (Ri = 0.68) and all studiesas many cases and controls as the average of the
analysed together (Ri = 0.57), and low among cohortpublished ones.
studies. This heterogeneity subsided when studiesWe performed our analyses with the software
were stratified by duration of action of the medica-HEpiMA version 2.1.3[23] and STATA, version 8.0
tion.(Stata Corp, College Station, TX, USA).

The funnel plot did not show any marked asym-
Results metry and thus did not provide evidence of publica-

tion bias (data not shown). The Egger’s test of
We identified 46 publications with 98 studies asymmetry yielded a p-value of 0.187, confirming

(carried out in 15 countries) that met our inclusion the absence of evidence of publication bias.
criteria and were included in the final analysis (table

Stratifying the analysis by study quality score didI). Two extensively cited studies were excluded
not reveal any substantial difference in the pooledfrom this meta-analysis,[24,25] the first one because
RRs between studies with scores of ≥7 (RR = 1.32;its unexposed group (reference group) was com-
95% CI 1.20, 1.44) and the remainder (RR = 1.42;posed of patients taking triazolam and the second
95% CI 1.21, 1.67).because it did not present any RR estimate. We

Limiting the analyses to hip fractures alone didfound 23 studies on benzodiazepines,[14,17,26-46] 16
not produce any change in the results.studies on antidepressants,[17,26,30-32,36,41,42,44,47-53] 18

studies on antiepileptic drugs,[17,38-40,43,44,53-62] 12 The two studies that provided data for the newer
studies on antipsychotics,[17,26,27,30-32,36,38,41,42,47,53] 13 benzodiazepine receptor agonists (zolpidem and
studies on hypnotics[13,17,26,27,30,32,41,42,51,53,54,57,63] and zopiclone) yielded a pooled OR of 1.28 (95% CI
6 studies on opioids.[17,30,41,44,64,65] Ten studies dealt 0.88, 1.85).[14,36]

1 Data from case-control studies on study-specific odds ratios (with 95% CIs) for fractures with psychotropic drugs are
available as supplementary material from URL: http://drugsafety.adisonline.com (table I).
2 Data from cohort studies on study-specific relative risks (with 95% CIs) for fractures with psychotropic drugs are
available as supplementary material from URL: http://drugsafety.adisonline.com (table II).
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Table I. Characteristics of studies of fractures and psychotropic drugs

Study, year Type of control Population (y) Type of fracture Matching, adjustment and restriction factors Cases/controls or cohort
size

Case-control studies

Brocklehurst et al.,[54] 1977 H >64 Femoral neck Age 352/61

Paganini-Hill et al.,[55] 1981 H Women <80 Hip Age, sex, race, date of entry in the 91/182
community

Rashiq and Logan,[63] 1986 P >60 Femoral neck Age, sex 102/204

Sernbo et al.,[27] 1987 P >64 Hip Age, sex 351/445

Ray et al.,[26] 1987 P >64 Hip Age, sex, race, nursing home status, year 1021/5606

Taggart,[66] 1988 P Women >73 Hip Sex, family practice 282/145

Stevens and Mulrow,[29] 1989 H Not specified Hip Age, sex, weight, cognition, stroke, diuretics, 173/134
other drugs

Ray et al.,[28] 1989 P >64 Hip Age, sex, year, nursing home status 4501/24041

Ray,[47] 1991 P >64 Hip Age, sex, calendar year, nursing home 4501/24041
residence, hospitalisation, use of specific
medications

Jensen,[30] 1991 P >59 Femoral neck Age, sex, residency, number of hospital 200/200
admissions within the last 2 years

Heidrich,[56] 1991 P >49 Hip Age, sex, alcoholism, corticosteroid use, 462/462
obesity, diuretic use, disease antecedents

Jackson,[57] 1992 P Men Hip Age, sex, race, living status (institution, 28/28
nursing home)

Shorr,[64] 1992 P >64 Hip Age, sex, hospitalisation date, nursing home 4500/24041
status, cardiovascular drugs, psychotropics

Cumming and Klineberg,[31] 1993 P >64 Hip Age, sex, type of residence 209/207

Lichtenstein et al.,[32] 1994 H >64 Hip Age, sex, vision impaired, ambulatory 129/234
status, dementia, confusion, weight

Herings et al.,[33] 1995 P >54 Femur Age, sex, pharmacy, use of medications, 493/1311
epilepsy, Parkinson’s disease, anaemia,
organic brain syndrome, hypertension,
osteoporosis, duration of hospitalisation

Poor et al.,[58] 1995 Pa White men >35 Hip Age, sex, race 232/232

Herings et al.,[48] 1996 P >45 Femur Age, sex, pharmacy, physician 386/386

Grisso et al.,[67] 1997 P Men >44 Hip Age, sex, BMI, height, physical activity, 356/402
smoking, chronic illnesses, lower limb
dysfunction

Continued next page
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Table I. Contd

Study, year Type of control Population (y) Type of fracture Matching, adjustment and restriction factors Cases/controls or cohort
size

Gambassi et al.,[49] 1998 H Elderly Femur Not given 8851/35086

Liu et al.,[50] 1998 P >65 Hip Age, sex, comorbidity, previous use of 8239/41195
medications

Scane et al.,[59] 1999 H <81 Vertebral Age 91/91

Schwab et al.,[34] 2000 H Community- Hip Age, sex 82/82
dwelling patients

Sgadari et al.,[35] 2000 P >64 Femur Age, sex, state, falls, osteoporosis, use of 9752/38564
medications, ADL score, cognitive score,
comorbidity

Wang et al.,[36] 2001 P >64 Hip Age, sex, race, use of medications, 1222/4888
comorbidity score, hospital days, nursing
home days

Pierfitte et al.,[14] 2001 H >65 Hip Age, sex, week of admission 245/817

da Silva Freire Coutinho and Dutra H >59 Any type Age, sex, education, hospital, smoking, 169/315
Da Silva,[37] 2002 alcohol, use of medications, falls,

comorbidity

Partanen et al.,[51] 2002 P Women 63–84 Hip Age, sex 102/40

Bischof et al.,[60] 2002 H Black patients Long bones Age, race 20/20
with cerebral
palsy, 6–29

Ryder et al.,[61] 2003 H Adults with mental Appendicular Age, sex, ambulatory status, ethnicity 23/23
retardation

Hubbard et al.,[52] 2003 P General Hip Age, sex, falls, BMI, use of medications, 16341/29889
population comorbidity, blood pressure

Schlienger et al.,[38] 2004 P 30–79 Any type Age, sex, practice, calendar time, 30601/120819
comorbidity, smoking, BMI, medical
conditions, medications

Vestergaard et al.,[39] 2004 P No age limits, Any type Age, sex, comorbidity, epilepsy, previous 124655/373962
men and women fracture, use of antiepileptic drugs and

corticosteroids, income, prior fractures,
working status, marital status, contact with
general practitioners

French et al.,[17] 2005 H No age limits, Hip Age, sex 2212/2212
men and women

Continued next page
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Table I. Contd

Study, year Type of control Population (y) Type of fracture Matching, adjustment and restriction factors Cases/controls or cohort
size

Hugenholtz et al.,[53] 2005 H General practice Hip Age, sex, practice 22250/22250
patients

Cohort Studies

Annegers et al.,[62] 1989 Patients with Hip Not given 30/467
seizures >35

Cummings et al.,[40] 1995 White women >64 Hip Age, sex, race, history of fractures,
calcaneal bone density

Guo et al.,[41] 1998 >74 Hip Age, sex, education, residence, ADL 134/1608
limitation, cognitive impairment, history of
stroke and tumours

Jacqmin-Gadda et al.,[42] 1998 >64 Hip, Non-hip Age, sex, BMI, smoking, alcohol 306/3216
consumption, profession, participation in
sports, use of medication, visual or auditory
impairment

Forsén et al.,[13] 1999 Women >49 Hip Age, sex, mental distress, use of 329/18612
medication, BMI, smoking, physical
inactivity, impairment due to physical illness

Vestergaard et al.,[43] 1999 Adults Any Age, sex, time since diagnosis, use of 386/999
medication, family history of fractures,
sunbathing

Bae et al.,[68] 2002 Women >65 Hip Age, sex, BMI, alcohol consumption 56/6043

Ensrud et al.,[44] 2003 White women >64 Any non-spine, Age, sex, race, health status, walking for 1256/8127
Hip exercise, smoking, functional impairment,

cognitive function, depression, weight
change, gait speed, femoral neck bone
density

Hasselman et al.,[45] 2003 White women >64 Foot Age, sex, race, distal radial bone mineral 301/9659
density, previous fracture after the age of 50
years

Card et al.,[65] 2004 Patients with Hip Age, sex, practice, corticosteroid use 295/99467
inflammatory
bowel disease

Wagner,[46] 2004 >64 Hip Age, sex, race, use of medication, dementia, 2312/125203
epilepsy, hospitalisation in the previous 6
months

a Population-based nested case-control study.

ADL = activity of daily living; BMI = body mass index; H = hospital-based controls; P = population-based controls.
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Antidepressants

Sixteen studies (13 case-control[17,26,30-32,36,47-53]

and three cohort[41,42,44]) dealt with antidepressants.
The random effects pooled RR from table III indi-
cate a moderate increase in the risk of fractures (RR
= 1.60; CI 1.38, 1.86). Cohort studies showed a
pooled RR that was lower than that of case-control
studies. Heterogeneity was large among case-con-
trol studies but absent among cohort studies. The
funnel plot shows substantial asymmetry (data not
shown) confirmed by statistical testing (Egger’s test
p-value: 0.027). These findings suggest that there is
a deficit of publications showing no effect and that
are relatively imprecise. However, our calculations,
based on the assumption that only half of the ex-
isting case-control studies were published, show that
even in this situation, the RR would still be 1.22
with 95% CI 1.11, 1.33. Publication bias, although
plausible, would then explain only part of the excess
pooled risk of fractures we document among an-
tidepressants users.

Restricting the analysis to the ten studies that
scored ≥7 points on the quality scale did not alter the
results (RR = 1.60; 95% CI 1.31, 1.94).

Several studies have examined the risk of frac-
tures among subclasses of antidepressants. Selective
serotonin reuptake inhibitors (SSRIs) showed an
increase in the pooled risk of fractures that is 33%
higher than that of non-SSRI antidepressants,
whereas tricyclic antidepressants showed a risk that
is similar to that of all antidepressants tested. Many
newer antidepressants have not yet been examined.

Antiepileptic Drugs

Globally, the five studies[39,43,54-56] examining
barbiturate antiepileptic drugs show a higher in-
crease in the risk of fractures (RR = 2.17; 95% CI
1.35, 3.50) than the 13 studies[17,38-40,43,44,53,57-61] that
evaluated non-barbiturate antiepileptic drugs (RR =
1.54; 95% CI 1.24, 1.93) [table IV]. In both drug
groups, heterogeneity was large among case-control
studies.

Among the studies of non-barbiturate antiepilep-
tics, the six studies that scored ≤6 on the quality
scale show a pooled RR that was approximately
double than that seen in the seven remaining studies

 2007 Adis Data Information BV. All rights reserved. Drug Safety 2007; 30 (2)
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(RR = 2.54; 95% CI 1.47, 4.40 and RR = 1.30; 95%
CI 1.03, 1.63, respectively).

The funnel plot shows a deficit of negative or null
studies with high variance (data not shown). Publi-
cation bias is confirmed by the asymmetry test,
which shows a p-value of 0.025. The pooled RR
from the sensitivity analysis shows that the effect of
non-barbiturate antiepileptic drugs would have been
neutral (RR = 1.07; 95% CI 1.02, 1.11), if the
assumptions of this sensitivity analysis, explained
previously, had been fulfilled.

Antipsychotics, Hypnotics and Opioids

Table V shows that, except when the analysis
was restricted to the two cohort studies[41,42] (which
showed no significant effect), the pooled RRs from
studies on antipsychotics indicate an increase in the
risk of fractures of approximately 60% (RR = 1.59;
95% CI 1.27, 1.98). The results are similar across
designs (population-based vs hospital-based case-
control studies), anatomic sites of the fractures (hip
versus all fractures) and quality scoring (quality
score of ≥7 versus the rest of studies).

Heterogeneity is large, but restricted to case-
control studies. The funnel plot shows some asym-
metry with a deficit of negative studies with average
precision (data not shown). This asymmetry is con-
firmed by the borderline significance of the regres-
sion test (p-value = 0.042). The sensitivity analysis
yielded a pooled RR of 1.09 with 95% CI 1.04, 1.16,
which shows that, under the most conservative as-
sumptions, the effect would be small but still signifi-
cant.

When analysed together, the 13 stud-
ies[13,17,26,27,30,32,41,42,47,51,53,54,63] on hypnotic medica-
tions and fractures did not show any significant
increase in the risk of fractures (random effects
pooled RR = 1.15; 95% CI 0.94, 1.39). Heterogenei-
ty was present in the overall analysis (Ri value =
0.89), but subsided when we stratified the analysis
by design. Hospital-based case-control studies
showed the highest pooled RR in this analysis: 1.53
with 95% CI 1.45, 1.61. In contrast, population-
based studies failed to show any significant effect.
The funnel plot was asymmetric, an observation that
was confirmed by the regression test (p-value =
0.001). The fact that the intercept of this regression
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was negative (–2.308) provides evidence that small
individual studies are associated with larger ef-
fects.[69] The sensitivity analysis also suggested no
significant increase in the risk of fractures associat-
ed with the use of hypnotics (RR = 1.05; 95% CI
0.95, 1.17). We did not find any meaningful change
in the pooled RR when the analysis was stratified by
quality score.

The six studies[17,30,41,44,64,65] on opioid medica-
tions included in our meta-analysis showed a moder-
ate but significant increase in the risk of fractures,
with pooled RRs varying between 1.32 and 1.42.
Heterogeneity was present among case-control stud-
ies but not among cohort studies. However the small
number of studies included in this analysis does not
allow firm conclusions regarding the potential of
heterogeneity and publication bias.

Among the ten studies[30-32,47,55,56,63,66-68] that ex-
amined the risk of fractures associated with the use
of unspecified psychotropic medications, the pooled
RR was 1.48 (95% CI 1.41, 1.59) with no significant
heterogeneity (Q test p-value = 0.08), and no evi-
dence of publication bias.

Discussion

Our results indicate that a variety of commonly
prescribed psychotropic medications may exert a
moderate and clinically significant increase in the
risk of fractures.

Barbiturates show the highest increase in the risk,
whereas those psychotropic medications labelled as
‘hypnotics’ exert a slight effect on hip fractures
only. The risk related to the use of antidepressants,
antipsychotics, benzodiazepines and non-barbiturate
antiepileptics is intermediate between that of barbi-
turates and that of hypnotics.

Within each type of medication, we observed a
constant pattern: cohort studies yielded the lowest
pooled RR whereas hospital-based case-control
studies yielded the highest one. Results of hospital-
based case-control studies should be treated with
great caution because of their high potential for
bias.[3]

In this meta-analysis, we were not able to study
the effect of different doses of psychotropic drugs,
as information was available in only a few studies.
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Table V. Pooled relative risks (RR) and 95% CI of fractures and other psychotropic drugs (antipsychotics, hypnotics and opioids)

Types of studies Number of studies Fixed effects Random effects Ri Q test p-Value

Antipsychotics

All 12 1.46 (1.34, 1.59) 1.59 (1.27, 1.98) 0.78 0.00001

Cohort only 2 1.11 (0.70, 1.75) 1.11 (0.70, 1.75) 0.00 0.42

CC only 10 1.48 (1.35, 1.61) 1.68 (1.32, 2.14) 0.81 0.00001

Population-based CC 7 1.48 (1.31, 1.66) 1.64 (1.25, 2.16) 0.75 0.002

Hospital-based CC 3 1.47 (1.29, 1.68) 1.65 (0.80, 3.43) 0.96 0.00001

Hip fracture 11 1.57 (1.42, 1.74) 1.70 (1.32, 2.18) 0.77 0.0001

Hypnotics

All 13 1.47 (1.40, 1.54) 1.15 (0.94, 1.39) 0.89 0.00001

Cohort only 3 1.04 (0.86, 1.25) 1.04 (0.86, 1.25) 0.00 0.49

CC only 10 1.50 (1.43, 1.58) 1.22 (0.97, 1.54) 0.89 0.008

Population-based CC 5 1.19 (0.99, 1.44) 0.87 (0.52, 1.45) 0.81 0.007

Hospital-based CC 5 1.53 (1.45, 1.61) 1.53 (1.45, 1.61) 0.00 0.84

Hip fracture 13 1.48 (1.41, 1.55) 1.20 (1.00, 1.44) 0.85 0.001

Opioids

All 6 1.32 (1.24, 1.40) 1.38 (1.15, 1.66) 0.84 0.004

Cohort only 3 1.29 (1.08, 1.56) 1.32 (1.02, 1.70) 0.44 0.18

CC only 3 1.32 (1.24, 1.41) 1.42 (1.04, 1.93) 0.94 0.001

Hip fracture 6 1.31 (1.24, 1.40) 1.36 (1.11, 1.67) 0.86 0.004

CC = case-control studies; Ri = proportion of total variance due to between-study variance.
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Except for benzodiazepines and unspecified (ADL) score, cognitive impairment and Rosow-
Breslau physical impairment scale. A recent studypsychotropic medications, there is room for publica-
has shown that the net effect of SSRI antidepres-tion bias in every relationship between exposure to
sants on hip fractures was considerably overestimat-psychotropic drug classes and fracture outcomes
ed if the analysis failed to control for these con-that we analysed (antidepressants, antiepileptics, an-
founders. Overestimation was as large as 21.5% intipsychotics and hypnotics). It is possible that stud-
case of omission of ADL score and 10.6% for physi-ies with statistically nonsignificant results, especial-
cal impairment scales.[74] However, the same studyly those that show absence of effect, fail to be
shows that, even after correcting for bias, a signifi-published either because they are rejected by medi-
cant association persists. As our assessment of studycal journals or because the authors of those studies
quality included adjustment for known confounders,fail to submit them for publication.[70] Consequently,
the bias due to residual confounding is partiallythe pooled measure of effect may be overestimated.
captured in our analysis. In particular, it is remarka-Potential for publication bias is large for anticonvul-
ble that for antiepileptic drugs the pooled effect ofsants, antipsychotics and hypnotics, and it may con-
higher quality studies is only half that of the lowertribute to part of the excess risk observed. On the
quality studies.contrary, the results of antidepressant medications

are robust to publication bias potential, as only part
of the increase in the risk of fracture would be due to Conclusion
it.

In conclusion, our results show that psychotropic
As is the case in any observational study of

medications may play an important modifiable role
adverse events of drugs, confounding by indication

in the development of fractures. Although the effect
may affect the results of this meta-analysis. Patients

observed is moderate and potential for publication
who are prescribed psychotropic drugs may be at a

bias and confounding may attenuate its strength, it is
higher risk of falls and fractures because of the

clinically relevant and should be addressed serious-
symptoms treated by these medications (anxiety,

ly. As it is unlikely that randomised trials of psycho-
depression, agitation).[71] This would lead to an ex-

tropic medications and fractures will ever exist, the
aggeration of the effect of psychotropic drugs on

scientific community should rely on observational
fracture risk. Control of this bias may be impossible

studies to further assess the risk of fracture. This
to achieve through conventional adjustment meth-

strengthens the argument that large prospective
ods in non-randomised studies unless techniques

studies that minimise selection bias are needed to
such as the propensity score are implemented.[72]

measure more accurately the risk of fractures associ-
Furthermore, recent research has suggested that the

ated with these medications. Clinicians caring for
use of some psychotropic medications (e.g. an-

vulnerable older adults should carefully consider the
tiepileptics and opioids) may occur preferentially

risk of fractures associated with use of psychotropic
among patients with lower baseline bone mineral

medications, particularly when effective non-phar-
density.[73]

macological interventions are available.
It is worthwhile to note that no consensus was

apparent in the covariates used in risk adjustment in Acknowledgements
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