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Abstract

Background

The association between long-term benzodiazepine use and risk of dementia remains con-
troversial. Therefore, current study aimed to quantify this association, and to explore a po-
tential dose—response pattern.

Methods

We searched PubMed, Embase and the Cochrane Library through August 17, 2014. We in-
cluded nested case-control or prospective cohort studies that provided risk estimates on the
association of benzodiazepine use with risk of dementia, and a clear definition of status of
benzodiazepine use. Overall effect size was calculated using a random-effects model.

Findings

Six studies were eligible for inclusion, involving 11,891 dementia cases and 45,391 partici-
pants. Compared with never users, pooled adjusted risk ratios (RRs) for dementia were
1.49 (95% confidence interval (Cl) 1.30—1.72) for ever users, 1.55 (95% CI 1.31-1.83) for
recent users, and 1.55 (95% CI 1.17-2.03) for past users. The risk of dementia increased
by 22% for every additional 20 defined daily dose per year (RR, 1.22, 95%CI 1.18-1.25).
When we restricted our meta-analyses to unadjusted RRs, all initial significant associations
persisted.

Conclusions

Long-term benzodiazepine users have an increased risk of dementia compared with never
users. However, findings from our study should be treated with caution due to limited stud-
ies and potential reverse causation. Large prospective cohort studies with long follow-up
duration are warranted to confirm these findings.
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Introduction

As the number of older adults grows dramatically worldwide, dementia is regarded as a public
health priority that has imposed an increased burden on our society in either financial or psy-
chological respect. Nearly 35.6 million people were afflicted with dementia in 2012, and this
number is expected to double by 2030 [1]. Benzodiazepines are a class of drugs acting on y
aminobutyric acid A receptors [2], and are commonly prescribed for the treatment of anxiety,
insomnia and depression in the elderly across many countries [3-5]. The percentage of benzo-
diazepine use in subjects aged 65 years and over is 18.9% [5] and 15.0% [6] in Germany and
Canada, respectively. In China, nearly one-third of patients with insomnia take benzodiaze-
pines [7].

The guidelines recommend that the overall duration of benzodiazepine use should be limit-
ed to several weeks [8], but long-term use is still common [3, 9, 10]. Studies performed in pa-
tients aged 65 years and over reported a seven-year period of benzodiazepine use on average
[11]. Several observational studies investigated the association between long-term benzodiaze-
pine use and risk of dementia but presented mixed results. Some studies revealed an increased
risk of dementia [12-16] among benzodiazepine users, whereas other studies revealed a de-
creased risk of dementia [17].

Meta-analysis is usually described as a quantitative statistical method that improves statisti-
cal power through pooling effect sizes from individual studies, and plays an important role in
solving controversial issues in medicine. Therefore, we conducted a meta-analysis to quantify
the relationship between long-term benzodiazepine use and dementia. Moreover, we explored
a potential dose-response pattern between long-term benzodiazepine use and dementia.

Materials and Methods
1. Search strategy

We performed this study following the PRISMA statement. Two researchers (G.C.Z. and Y.
W.) independently performed an electronic search of PubMed, Embase and the Cochrane Li-
brary through August 17, 2014, with the following keywords: “dementia”, “Alzheimer's dis-
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ease”, “Alzheimer disease”, “vascular dementia”, “benzodiazepines”, “benzodiazepine”,
“hypnotics”, “hypnotic”, “sedatives” and “sedative”. We limited our searches to human sub-
jects. The reference lists of identified studies and pertinent reviews were checked for identifying
additional citations. No effort was attempted to obtain extra information by contacting the au-

thors of included studies via e-mails.

2. Study selection

Nested case-control or prospective cohort studies that provided a clear definition of status of
benzodiazepine use (ever use, recent use, or past use) and adjusted risk estimates on the associ-
ation between benzodiazepine use and risk of dementia met our inclusion criteria. We excluded
studies that compared recent users with a reference group that indiscriminately pooled both
past and never users.

Two reviewers (G.C.Z. and Y.W.) independently performed study screening with a two-
stage method. In the first stage, we read titles and abstracts to exclude obviously irrelevant stud-
ies. In the second stage, we read the full text to further exclude unrelated studies. Any discrep-
ancy about eligibility of studies was resolved by discussion.
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3. Data extraction

Two reviewers (G.C.Z. and Y.W.) independently extracted following information: last name of
the first author, publication date, study location, mean age of participants at baseline, number
of cases and participants, maximum follow-up duration, exposure assessment, outcome assess-
ment, status of benzodiazepine use and corresponding definitions, diagnostic criteria, the
crude risk estimates with 95% confidence interval (CI), the most fully adjusted risk estimates
with 95% CI, and adjustment factors. Any disagreement was settled by discussion. When mul-
tiple reports derived from the same cohort, we extracted data from the report with the longest
follow-up duration.

4. Statistical analysis and quality assessment

We used risk ratio (RR) to assess the association between benzodiazepine use and risk of de-
mentia. Hazard ratio and odds ratio were directly regarded as RR because dementia is a rela-
tively uncommon event [18, 19]. These primary effect sizes of interest are computed via
logistic regression model or Cox proportional hazards model among included studies. We
pooled adjusted RRs as well as crude RRs where possible to yield summary effect size through a
random-effects model, which considered heterogeneity and consequently yielded more conser-
vative pooled results compared to a fixed-effects model. The Hedges Q statistic was employed
to qualitatively describe heterogeneity (statistical significance was set at p<0.10). The I* statis-
tic, representing the percentage of the variability in risk estimates that is caused by heterogene-
ity rather than chance [20], was employed to quantify heterogeneity [21]. Summary results
were thought to be low heterogeneity if corresponding I* <50%, moderate heterogeneity if
50%=12=75%, and substantial heterogeneity if I*>75%. For two studies [15, 16] that reported
risk estimates for recent and past users of benzodiazepines separately, we combined these
stratum data using a random-effects model to approximate risk estimates for ever users. To
evaluate the stability of pooled results and to identify potential sources of heterogeneity, we
conducted sensitivity analyses for pooled adjusted RRs by means of omitting a single study in
turn and using various exclusion criteria. We also repeated our meta-analyses through a fixed-
effects model to evaluate the stability of our pooled results.

We explored a dose-response pattern between benzodiazepine use and dementia on the
basis of the method previously proposed by Orsini and colleagues [22]. The independent vari-
able was defined daily dose per year (defined daily dose, a dose unit for benzodiazepines, is re-
ferred to as “the assumed average maintenance dose per day for a drug used for its main
indication in adults” [23]), and the dependent variable was the natural logarithm of the RRs.
Using data on the defined daily dose per year, number of cases, person-year of follow-up, ad-
justed RR and corresponding 95% CI, we first calculated study-specific slope with log-linear
dose-response model, and then combined them with a random-effects model to produce an
overall slope. For two studies [14, 15] that provided cumulative benzodiazepine dose during
follow-up, we divided cumulative dose by mean length of follow-up to obtain average defined
daily dose per year. The midpoint of lower and upper boundaries was regarded as the assigned
dose because benzodiazepine dose was reported as range in all available studies. If the highest
range was open-ended, we assumed that it had the same width of the interval as the preceding
range.

We employed the Newcastle-Ottawa quality assessment scale [24] to judge the methodolog-
ical quality of included studies. This scale uses a star system to evaluate the quality of included
studies on the basis of three broad perspectives: the selection of study cohort, the comparability
of study cohort, and the ascertainment of outcome of interest, length of follow-up and loss to
follow-up rate. After judging these three perspectives, a maximum of nine stars could be
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Records identified through database searching
(n=1573)
PubMed (n=602)
Embase (n=869)
CENTRAL (n=102)

A

Records after duplicates removed (n =984)

l

Records screened (n = 984)

Records excluded after reviewing title and abstract (n = 973)

A

Full-text articles assessed for eligibility (n =11)

Full-text articles excluded (n =5)

Duplicate reports from the same cohort (n=2)
Cross-sectional study (n=1)

No definition of benzodiazepine use (n=1)

Past user as the member of reference group (n=1)

A 4

Studies included in meta-analysis (n =6)

Fig 1. The flowchart of identifying relevant studies.

doi:10.1371/journal.pone.0127836.g001

assigned to each study. A study with six or more stars was thought to be of high quality. We
used Begg’s test [25] and Egger’s test [26] to test publication bias. STATA software (ver-
sion12.0, StataCorp, College Station, TX) was used to perform data synthesis and analysis. Sta-
tistical significance level was set at p<0.05 under two-sided test unless otherwise specified.

Results
1. Literature search

A sum of 1573 records (PubMed, n = 602; Embase, n = 869; CENTRAL, n = 102) were identi-
fied through our initial database search. After removing duplicates, 984 relevant records re-
mained. Of these remained records, 978 were judged to be not eligible for the inclusion using
our two-stage method. Thus, 6 studies were included in our review and analysis (Fig 1).
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2. Study characteristics

The characteristics of included studies are presented in Table 1. These studies were published
between 2002 [27] and 2013 [16]. The maximum follow-up duration ranged from 8 years [15,
27] to 25 years [12]. The sample size of included studies varied from 1063 [13] to 25,140 [14],
with a total of 45,391 participants. The number of dementia cases varied from 93 [12] to 8,434
[14], with a sum of 11,891 dementia cases. Two studies [14, 15] utilized data from different
subsets of the National Health Insurance Research Database in Taiwan. Five studies [12-14,

16, 27] separately provided RRs for recent and past users of benzodiazepines. Of these, two [13,
27] derived from the same cohort, but dementia cases were totally different, which made us
treat them as two separate studies. One study [13] performed a cohort analysis, and additional-
ly used a nested case-control analysis to check the robustness of their findings. Three studies
[12, 13, 27] used the interview to document benzodiazepine exposure, two [14, 15] used the re-
corded prescription, and remaining one [16] used the claim record. The methods used to ascer-
tain dementia included clinical diagnosis [12, 13, 27] and use of claim record [14, 15, 16]. For
the quality assessment, all included studies obtained more than 6 stars, signifying high quality
among them. Most of included studies adjusted confounders of age, anxiety and depression.

3. Ever use of benzodiazepines and risk of dementia

Although six included studies all provided risk estimates associated with ever use of benzodiaz-
epines, two of them [13, 27] derived from the same cohort. Thus, five studies [12-16] were in-
cluded in meta-analysis for ever use of benzodiazepine and risk of dementia, involving 11,741
dementia cases and 41,722 subjects. When we pooled unadjusted RRs, ever users showed an in-
creased risk of dementia (RR 2.03, 95% CI 1.56-2.63) (Fig 2) compared with never users. After
adjustment for confounders, pooled RRs remained significant (RR 1.49, 95% CI 1.30-1.72)
(Fig 2), with low heterogeneity (p = 0.19; I* = 35.1%).

4. Recent use of benzodiazepines and risk of dementia

Current meta-analysis for recent use of benzodiazepine and risk of dementia included five
studies [12-14, 16, 27], involving 10,940 dementia cases and 41,200 participants. Recent users
had a higher risk of dementia (RR 1.93, 95% CI 1.33-2.79) (Fig 3) than that for never users
when we pooled unadjusted RRs. After adjustment for confounders, pooled RRs remained sig-
nificant (RR 1.55, 95% CI 1.31-1.83) (Fig 3), with low heterogeneity (p = 0.32; I* = 15.0%).

5. Past use of benzodiazepines and risk of dementia

Our review included five studies [12-14, 16, 27] for past use of benzodiazepines and risk of de-
mentia, involving 10,940 dementia cases and 41,200 participants. Past users had 1.69-fold
higher risk of dementia (95% CI 1.47-1.95) (Fig 4) compared with never users when we pooled
unadjusted RRs. After adjustment for confounders, pooled RRs remained significant (RR 1.55,
95% CI 1.17-2.03) (Fig 4), with moderate heterogeneity (p<0.01; > = 72.6%).

6. Sensitivity analyses

The results of sensitivity analyses are shown in Table 2 and Fig 5. Exclusion of a single study in
turn did not change pooled RRs for the aforementioned associations. When we repeated our
meta-analyses through a fixed-effects model, all initial significant associations persisted. For
the association between past use of benzodiazepines and dementia, exclusion of one study [14]
that conducted in the Asian population and had a sample size of more than 10,000 produced a
RR of 1.69 (95% CI 1.41-2.02), with no evidence of heterogeneity (I = 0.0%).
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Table 1. Characteristics of 6 included studies regarding benzodiazepine use and dementia.

Source/
study
location

Billioti de
Gage [16],
2014;
Canada

Gallacher
[12], 2012;
UK

Billioti de
Gage [13],
2012; France
(cohort
analysis)

Billioti de
Gage [13],
2012; France
(nested case-
control
analysis)

Wu [14],
2011; China®

Wu [15],
2009; China®

Cases/
SS

1796
8980

93/
1134

639/
1063

467/
2277

8434/
25140

779/
5405

Age?
)

66.0

61.2

78.2

78.2

77.7

75.6

Follow- Quality
up®(y) score
10 6

25 7

15 8

12 8

10 7

8 8

Diagnostic
criteria

ICD-9

DSM-IV

DSM-III-R

DSM-III-R

ICD-9

ICD-9

Exposure
assessment

Claim record

Interview

Face-to-face
interview

Face-to-face
interview

Recorded
prescription

Recorded
prescription

Outcome
assessment

Claim record

Clinical
diagnosis

Clinical
diagnosis

Clinical
diagnosis

Claim record
or inpatient
record

Claim record

Definition of
status of BZD use

Recent use: first
BZD claim <5 years
before index date
Past use: last BZD
claim >5 years
before index date

Ever use: BZD use
during follow-up
period Recent use:
first BZD claim <12
years before index
date Past use: last
BZD claim >12
years before index
date

Ever use: BZD use
during follow-up
period

Recent use: BZD
use at the follow-up
visit before index
date but never
before Past use:
BZD use at least
three visits before
index date or earlier

Recent use?: first
BZD claim <2 years
before index date
Past use®: last BZD
claim >2 years
before index date

Ever use: BZD use
during follow-up
period

Adjustment factors

Anxiety, depression,
psychotropic drugs

Age, anxiety, sleep
disorders, angina,
alcohol, cognitive
function, education,
ischemic heart disease,
social class

Age, sex, depression,
alcohol, diabetes,
education, hypertension,
mini-mental state
examination evolution
between inclusion and 3
year follow-up visit,
singleness, use of
platelet inhibitors or oral
anticoagulants

Depression, alcohol,
education, hypertension,
singleness, use of
platelet inhibitors or oral
anticoagulant

Anxiety, depression,
sleep disorders, alcohol,
cerebrovascular
disorders, diabetes,
epilepsy, parkinsonism,
hypertension, numbers of
hospitalizations per year,
psychosis-related
disorders

Anxiety, depression,
alcohol, cerebrovascular
disorder, diabetes,
hypertension, psychotic-
related disorder

(Continued)
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Table 1. (Continued)

Source/ Cases/ Age® Quality Diagnostic  Exposure Outcome Definition of Adjustment factors
study SS (y) score criteria assessment assessment status of BZD use

location

Lagnaoui 150/ 741 9 DSM-III-R Face-to-face  Clinical Everuse: BZD use  Age, sex, depression,
[27], 2002; 3669 interview diagnosis during follow-up alcohol, education,
France period Recent use:  singleness, history of

first BZD claim <2
years before index
date Past use: last
BZD claim >2 years
before index date

other psychiatric
diseases

SS, sample size; BZD, benzodiazepine; ICD-9, International Classification of Diseases, Ninth Revision; DSM-IV, Diagnostic and Statistical Manual of
Mental Disorders, fourth edition; DSM-III-R, Diagnostic and Statistical Manual of Mental Disorders, third edition Revised.

@Age refers to mean age of participants at baseline.

PFollow-up refers to maximum follow-up length.

°Using data of different subsets of National Health Insurance Research Database in Taiwan

9Original authors defined recent use and past use as first BZD claim <15 days and last BZD claim >15 days before index date, respectively. To keep
homogenous with definitions of BZD use in other studies as much as possible, we redefined recent use and past use as first BZD claim <2 years and last
BZD claim >2 years before index date, respectively. In this case, we pooled initial estimates to yield required estimates for “redefined" recent and past use
through a random-effects model.

doi:10.1371/journal.pone.0127836.t001

7. Dose—response analysis

On the basis of only two studies [14, 15], we found a significant dose-response association be-
tween benzodiazepine use and dementia. The risk of dementia increased by 22% for a 20 de-
fined daily dose per year increment in benzodiazepine dose (RR 1.22, 95% CI 1.18-1.25), with
no evidence of heterogeneity (p = 0.32; I* = 0.0%).

8. Publication bias

We did not find the evidence of publication bias for any association through Begg’s test and
Egger’s test (all p>0.05).

Discussion
1. Main findings

The association between long-term benzodiazepine use and risk of dementia has received sig-
nificant attention but is still in debate. A most recent systematic review of observational studies
(cohort and case-control studies) found that the long-term users of benzodiazepines have a
1.5- to 2-fold increased risk of developing dementia compared with never users [28]. On the
basis of nested case-control and prospective cohort studies, our meta-analysis found that com-
pared with never users, long-term benzodiazepine users (ever, recent and past users) were at an
elevated risk of dementia when we pooled either unadjusted RRs or adjusted RRs, which was
consistent with the findings of previous review [28].

The prodromal symptoms of dementia, including sleep disturbance, anxiety and depression
[29-31], can occur around 10 years preceding a clinical diagnosis of dementia [32]. The pres-
ence of these psychiatric symptoms may motivate physicians to prescribe benzodiazepines.
Thus, some researchers raise concerns that the observed association between benzodiazepine
use and dementia may be due to confounding by indication and reverse causation [31, 33].
Nonetheless, the following facts possibly attenuate these concerns. First, it is found that the
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Study
ID

Ever use versus never use (Unadjusted)
Billioti de Gage (2014)

Gallacher (2012)

Billioti de Gage (2012)

Wu (2011)

Wu (2009)

Overall (l-squared =81.1%, p = 0.000)

Ever use versus never use (Adjusted)
Billioti de Gage (2014)

Gallacher (2012)

Billioti de Gage (2012)

Wu (2011)

Wu (2009)

Overall (lI-squared =35.1%, p = 0.188)

NOTE: Weights are from random effects analysis

E

%

ES (95% ClI) Weight
1.98 (1.71, 2.30) 25.88
3.26 (2.11, 5.03) 15.88
1.28 (1.02, 1.61) 23.22
2.28 (1.17,4.43) 9.97
2.24 (1.88, 2.67) 25.04
2.03 (1.56, 2.63) 100.00
1.60 (1.37, 1.87) 34.64
2.94 (1.16, 7.46) 222
1.46 (1.10, 1.94) 17.54
1.60 (1.23, 2.08) 19.51
1.24 (1.01, 1.53) 26.09
1.49 (1.30, 1.72) 100.00

I
134

1

|
7.46

Fig 2. Meta-analysis on ever use of benzodiazepines and risk of dementia. The squares represent the risk estimate for each individual study, with the
area reflecting the weight assigned to the study. The horizontal line across each square represents the 95% confidence interval. The diamond represents the

summary risk estimate, with width representing 95% confidence interval.

doi:10.1371/journal.pone.0127836.9002

frequency of prodromes increases when dementia onset is approaching [32]. On the basis of
this fact, the strength of the association for recent users should be stronger than that for past
users if reverse causation is the case in the association of benzodiazepine use and dementia.
However, our review observed similar risk estimates for recent and past users. Second, when
we confined our analyses to RRs with adjustment for anxiety or depression, most but not all
pooled results persisted. Third, a significant dose-response pattern was observed in the present
study, although it was derived from limited numbers of included studies. Such finding supports
a causal relationship between benzodiazepine use and dementia. Finally, our results are consis-
tent with findings from an individual study [12] that had a mean follow-up of 22 years. The fol-
low-up length in that study [12] was long enough to overcome the hypothesis of reverse

causation.

The prevalence of psychotropic medication use among the elderly is high [34, 35], with a re-
ported prevalence of up to 73% in subjects aged 65 years and over [34]. Use of psychotropic
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Study %
ID ES (95% ClI) Weight
Recent use versus never use (Unadjusted)
Billioti de Gage (2014) — 2.00 (1.68, 2.38) 31.60
Billioti de Gage (2012) —— 1.58 (0.90, 2.78) 18.96
Wu (2011) —_— 3.23(2.29, 4.55) 26.28
Lagnaoui (2002) * 1.20 (0.78, 1.85) 23.16
Overall (l-squared = 77.8%, p = 0.004) <> 1.93 (1.33, 2.79) 100.00
Recent use versus never use (Adjusted)
Billioti de Gage (2014) — 1.55 (1.30, 1.85) 51.11
Gallacher (2012) * > 2.44(0.78, 7.60) 2.18
Billioti de Gage (2012) + 1.48 (0.83, 2.63) 8.05
Wu (2011) —_—— 1.79 (1.35, 2.37) 27.80
Lagnaoui (2002) —_— 1.00 (0.61, 1.63) 10.85
Overall (l-squared = 15.0%, p = 0.319) <> 1.55(1.31, 1.83) 100.00
NOTE: Weights are from random effects analysis
I |
132 1 7.6

Fig 3. Meta-analysis on recent use of benzodiazepines and risk of dementia. The squares represent the risk estimate for each individual study, with the
area reflecting the weight assigned to the study. The horizontal line across each square represents the 95% confidence interval. The diamond represents the
summary risk estimate, with width representing 95% confidence interval.

doi:10.1371/journal.pone.0127836.9003

medications except benzodiazepines has been found to be associated with an increased risk of
dementia [36, 37]. These facts provide a critical reminder that our findings might be biased by
use of other psychotropic medication among included study population. There are two extreme
conditions regarding this bias: one is that subjects in the exposure group concurrently use
other psychotropic medications but those in the non-exposure group not, another is that sub-
jects in the non-exposure group use other psychotropic medications but those in the exposure
group not. The former condition results in an overestimated risk of dementia associated with
benzodiazepine use, while the latter condition will underestimate that risk. Due to complex cir-
cumstances in the real world, unfortunately, we cannot ascertain the specific effect of use of
other psychotropic medications on the magnitude and direction of the association between
benzodiazepine use and dementia. Nonetheless, several included studies [13, 14, 27] treated
benzodiazepine-related drugs, such as Z-drugs, as benzodiazepines, which produced a possibil-
ity of overestimating the risk of dementia in relation to benzodiazepine use.

PLOS ONE | DOI:10.1371/journal.pone.0127836 May 27,2015 9/16
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Study %
ID ES (95% ClI) Weight
Past use versus never use (Unadjusted)
Billioti de Gage (2014) —_— 1.94 (1.44, 2.61) 22.79
Billioti de Gage (2012) 1.54 (1.23, 1.93) 39.71
Wu (2011) 1.64 (1.28, 2.10) 32.88
Lagnaoui (2002) > 2.40 (1.24, 4.65) 461
Overall (l-squared = 0.0%, p = 0.454) 1.69 (1.47, 1.95) 100.00
Past use versus never use (Adjusted)
Billioti de Gage (2014) —— 1.75(1.29, 2.37) 24.43
Gallacher (2012) + 2.64 (0.71, 9.80) 3.89
Billioti de Gage (2012) 1.56 (1.23, 1.98) 27.54
Wu (2011) —— 1.14 (1.01, 1.28) 32.63
Lagnaoui (2002) o 2.30 (1.19, 4.45) 11.52
Overall (I-squared = 72.6%, p = 0.006) 1.55 (1.17, 2.03) 100.00
NOTE: Weights are from random effects analysis

I

I
.102 1 9.8

Fig 4. Meta-analysis on past use of benzodiazepines and risk of dementia. The squares represent the risk estimate for each individual study, with the
area reflecting the weight assigned to the study. The horizontal line across each square represents the 95% confidence interval. The diamond represents the
summary risk estimate, with width representing 95% confidence interval.

doi:10.1371/journal.pone.0127836.g004

Of included studies, ever use of benzodiazepines was consistently defined as benzodiazepine
use during follow-up, namely use of benzodiazepines at least once before the index date. The
consistent definition increased the reliability of our pooled results for the association between
ever use of benzodiazepines and dementia. However, we observed that the cut-off points be-
tween recent use and past use among included studies varied from 2 years [27] to 12 years [12].
The selection of different cut-off points among included studies may be related to differences
in the follow-up duration and interval between two follow-up visits. The different cut-off
points represent inconsistent definitions of recent and past use of benzodiazepines among in-
cluded studies. Under this condition, the exact definitions of recent and past use of benzodiaze-
pines for the pooled results are uncertain. Consequently, the utility value of the findings
associated with recent and past use of benzodiazepines may be affected to some extent. None-
theless, our findings regarding recent and past use of benzodiazepines may provide an impor-
tant implication that stopping use of benzodiazepines cannot significantly reduce the risk of
developing dementia.
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Table 2. Sensitivity analyses of benzodiazepine use and dementia.

Categories

Random-effects model
Fixed-effects model

Participants aged over 65 years at baseline
RRs with adjustment for anxiety
RRs with adjustment for depression

Studies conducted in the Asian population
Men as participants
Sample size>10,000

RR, risk ratio; Cl, confidence interval.
8Adjusted value.

doi:10.1371/journal.pone.0127836.1002

Ever use versus never use Recent use versus never use Past use versus never use

n  RR?(95% CI) (%) n  RR%95% Cl) (%) n RR*(95% Cl) 12 (%)
Statistical model

5 1.49(1.30-1.72)  35.1 5 1.55(1.31-1.83) 15.0 5 155(1.17-2.03) 726

5 1.49(1.35-1.66) 35.1 5 156(1.35-1.79) 15.0 5 1.29(1.16-1.42) 726

Analyis within

4  147(1.30-1.67) 26.8 4 152(1.27-1.84) 26.8 4  151(1.14-2.00) 77.7

4 151(1.25-1.81) 511 3 1.63(1.40-1.89) 0.0 3  1.45(0.97-2.17) 752

4  1.47(1.30-1.67) 26.8 4 152(1.27-1.84) 26.8 4  151(1.14-2.00) 77.7
Analysis except

3 159 (1.38-1.82) 1.4 4  1.46(1.18-1.80) 13.1 4 169 (1.41-2.02) 0.0

4  1.47(1.30-1.67) 26.8 4 152(1.27-1.84) 26.8 4  151(1.14-2.00) 77.7

4  1.47(1.23-1.77) 487 4  1.46(1.18-1.80) 13.1 4 1.69 (1.41-2.02) 0.0

In this meta-analysis, we calculated summary RRs from unadjusted and adjusted data. Inter-
estingly, a significantly positive association of benzodiazepine use with risk of dementia was
consistently observed in both conditions. Furthermore, on the basis of p values for the differ-
ence between two conditions calculated from meta-regression (data not shown), we found that
there was no significant difference in magnitude of the pooled effect size between two condi-
tions. Therefore, pooled results from unadjusted and adjusted risk estimates resulted in virtual-
ly identical interpretation for the association of benzodiazepine use with risk of dementia.
Consequently, calculation of unadjusted and adjusted summary RRs makes our findings more
convincing rather than more obscuring.

2. Source of heterogeneity

In the current review, we found the evidence of moderate heterogeneity for pooled adjusted
RRs on past use of benzodiazepines and dementia. As revealed by our sensitivity analyses, one
study [14] that conducted in the Asian population and had a large sample size probably ac-
counted for the observed heterogeneity. Indeed, racial differences in the prevalence and inci-
dence of dementia have been reported [38, 39]. Epidemiological studies with large sample size
are less driven by confounding effect and chance error, consequently producing more precise
risk estimates.

3. Limitations

Our review has several limitations. First, inclusion of a small number of studies did not permit
us to investigate the potential effect modifiers for the association of benzodiazepine use and de-
mentia through subgroup analyses. For example, Alzheimer’s disease and vascular dementia
are the main subtypes of dementia, and they have different incidence and etiology. However,
we could not confirm whether the risk of Alzheimer’s disease is different from that of vascular
dementia due to limited numbers of included studies. Second, although there was no evidence
of publication bias, we could not completely rule it out because Begg’s test and Egger’s test have
limited statistical power when there are relatively small included studies. Third, we observed
moderate heterogeneity for pooled results on past use of benzodiazepines and dementia. Such
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Fig 5. Sensitivity analysis: exclusion of a single study in turn. The study being cited on the left is the one
being left out in each analysis. The circle represents the summary risk estimates after exclusion of a single
study, and the corresponding dot line represents 95% confidence interval. The middle vertical solid line
represents summary risk estimates of all included studies, and left and right vertical solid line represent lower
limit and upper limit, respectively. Panel A, ever use versus never use; Panel B, recent use versus never use;
Panel C, past use versus never use.

doi:10.1371/journal.pone.0127836.9005

heterogeneity raised concerns about the reliability of pooled results. Nevertheless, we were ca-
pable of identifying the source of heterogeneity through our sensitivity analyses. Finally, our
pooled results might be subject to the uncontrolled or residual confounding, although we used
the most fully adjusted risk estimates. Nevertheless, when we pooled unadjusted RRs, the in-
creased risk of dementia in benzodiazepine users remained significant.

4. Implication for clinical practice

Prevention of dementia is critical under the condition that the pharmaceutical therapies for de-
mentia fail to function well against disease progression [40]. Long-term benzodiazepine use
has been linked with increased risks of injurious falls [41] and hip fracture [42]. On the basis of
limited studies, we observed that long-term benzodiazepine use was associated with an in-
creased risk of dementia. If these observed associations are causal, for reducing possible adverse
reactions, ideally, medical practitioners should limit benzodiazepine use to several weeks as
recommended by international guidelines [8]. However, in practice, making such decision is
difficult because apprehension regarding the possibility of rebound anxiety and insomnia after
discontinued use of benzodiazepine appears to favor the long-term use. Thus, physicians
should carefully weigh the anticipated benefits of long-term benzodiazepine use against the
risks involved.

Conclusions

On the basis of either unadjusted or adjusted risk estimates, our study consistently indicates
that long-term benzodiazepine use is associated with an increased risk of dementia. Due to lim-
ited studies, especially dose-response analysis, and potential reverse causation, these findings
should be treated with caution. Large prospective cohort studies with long follow-up duration
are needed to confirm whether the association between long-term benzodiazepine use and in-
creased risk of dementia is causal. If confirmed, long-term benzodiazepine use should be con-
sidered as a critical public health issue in the context of the widespread use of benzodiazepines
and the huge burden of dementia across many countries.
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