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Abstract

Introduction Previous observational studies have associ-
ated benzodiazepine use with an increased risk of dementia.
However, limitations in the study methods leave questions
unanswered regarding the interpretation of the findings.
Methods A case—control analysis was conducted using
data from the UK-based Clinical Practice Research Data-
link (CPRD). A total of 26,459 patients aged >65 years
with newly diagnosed Alzheimer’s disease (AD) or vas-
cular dementia (VaD) between 1998 and 2013 were iden-
tified and matched 1:1 to dementia-free controls on age,
sex, calendar time, general practice, and number of years of
recorded history. Adjusted odds ratios (aORs) were cal-
culated with 95 % confidence intervals (Cls) of developing
AD or VaD in relation to previous benzodiazepine use,
stratified by duration and benzodiazepine type.

Results  The aOR (95 % CI) of developing AD for those
who started benzodiazepines <1 year before diagnosis was
2.20 (1.91-2.53), and fell to the null for those who started
between 2 and <3 years before [aOR 0.99 (0.84-1.17)].
The aOR (95 % CI) of developing VaD for those who
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started benzodiazepines <1 year before diagnosis was 3.30
(2.78-3.92), and fell close to the null for those who started
between 3 and <4 years before [aOR 1.16 (0.96-1.40)].
After accounting for benzodiazepine use initiated during
this prodromal phase, long-term use of benzodiazepines
was not associated with an increased risk of developing AD
[aOR 0.69 (0.57-0.85)] or VaD [aOR 1.11 (0.85-1.45)].
Conclusion After taking a prodromal phase into consid-
eration, benzodiazepine use was not associated with an
increased risk of developing AD or VaD.

Key Points

This large, observational study suggests that long-term
benzodiazepine use is not associated with an increased
risk of Alzheimer’s disease or vascular dementia.

Previously reported increased risks of dementia
associated with benzodiazepine use are likely
distorted by use of benzodiazepines in the early
clinical phase of dementia.

This finding is of substantial clinical relevance
because benzodiazepines are commonly prescribed
(on a long-term basis) for various indications, such
as insomnia or anxiety, particularly in elderly people
who are at an increased risk of dementia.

1 Introduction
Benzodiazepines are widely used for the treatment of

insomnia and anxiety. In 2012, approximately 16 million
prescriptions were issued for these drugs in general
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practice in England, at an annual cost of approximately
£40 million [1]. Because of concerns raised by well-known
short-term side effects on memory and cognition [2], a
number of studies have investigated whether the use of
benzodiazepines is associated with an increased risk of
dementia, despite the lack of a mechanistic hypothesis.
Most of these studies have found evidence for an increased
risk in long-term users [3, 4], although with inconsistent
findings regarding the timing of use [5-7]. The association
between benzodiazepine use and dementia is subject to
distortion due to protopathic bias, also called reverse cau-
sation [8], as benzodiazepines are often prescribed to treat
prodromal symptoms of dementia, such as anxiety and
insomnia [9]. One common method to control for this sort
of bias is to account for induction time by moving the
diagnosis date back in time to ensure that exposure is
ascertained prior to the disease onset. This method removes
the period of time between disease onset and disease
diagnosis from the analysis, i.e. a time period in which the
drug was likely prescribed to treat early symptoms of the
disease [10].

Moreover, there is only very limited and inconsistent
information on the association between benzodiazepine use
and the risk of specific dementia subtypes, such as Alz-
heimer’s disease (AD) or vascular dementia (VaD) [11-
13].

The aim of this study was to explore the association
between benzodiazepine use and the risk of AD or VaD
using a large, well-established primary care database from
the UK, and to simultaneously control for protopathic bias
by defining an appropriate induction period.

2 Methods
2.1 Study Design and Data Source

A case—control analysis was conducted using data from the
UK-based Clinical Practice Research Datalink (CPRD),
formerly known as the General Practice Research Database
(GPRD). The CPRD encompasses approximately 10 mil-
lion computerized longitudinal medical records of patients
enrolled with general practitioners (GPs). These GPs are
responsible for primary healthcare and for referrals of their
patients to specialists or hospitals. They record patient
demographics, diagnoses, and drug prescriptions, as well as
some lifestyle information (e.g. smoking status) and per-
sonal characteristics (e.g. body mass index [BMI]). Infor-
mation on drug exposure and diagnoses in the CPRD has
been validated repeatedly and proven to be of high quality
[14-17]. The CPRD is managed by the UK National Health
Service’s (NHS) National Institute for Health Research
(NIHR), and the Medicines and Healthcare Products
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Regulatory Agency (MHRA). Patients enrolled in the
CPRD are representative of the UK population with regard
to age, sex, geographic distribution, and annual turnover
rate. CPRD data have been used in previous studies on
dementia, AD, and VaD [18-22].

The study was approved by the Independent Scientific
Advisory Committee (ISAC) for MHRA database research
(protocol number 13_221R).

2.2 Case Identification and Validation

Cases were patients aged 65 years or older who had a first-
time diagnosis of AD, VaD, or any unspecified dementia
(based on Read codes) recorded between January 1998 and
July 2013, or who received a first-time prescription for an
acetylcholinesterase inhibitor (i.e. donepezil, rivastigmine,
galantamine, or tacrine) or the N-methyl-p-aspartate
(NMDA) receptor antagonist memantine, i.e. drugs
specifically licensed for the treatment of AD. The date of
the first diagnosis or the first prescription for one of the
above-mentioned drugs, whichever came first, will subse-
quently be referred to as the ‘diagnosis date’. Patients with
less than 3 years of active history in the database prior to
the diagnosis date were excluded, as were those with a
diagnosis of HIV/AIDS, alcoholism, drug abuse, multiple
sclerosis, motor neuron disease, or Down’s syndrome. To
increase the probability of including only well-defined AD
or VaD cases, a validated algorithm was applied, described
in detail elsewhere [23]. In brief, this algorithm was based
on recordings of specific dementia tests [e.g. Mini-Mental
State Examination (MMSE), Clock Drawing Test (CDT),
or Abbreviated Mental Test (7-Minute Screen)], referrals to
specialists (e.g. neurologists, geriatricians or psycho-geri-
atricians), brain imaging [computed tomography (CT),
magnetic resonance imaging (MRI), or single photon
emission computed tomography (SPECT)], or dementia
symptoms (memory impairment, aphasia, apraxia, or
agnosia) supportive of a diagnosis of a specific dementia
subtype (i.e. AD or VaD).

To validate this algorithm, a questionnaire was sent to
GPs for a random sample of 60 AD and 60 VaD cases to
gather additional information on the clinical circumstances
and diagnostic steps taken. In 79 % of the AD cases, the
GPs confirmed the recorded AD diagnosis, whereas in the
other AD cases, the diagnosed dementia subtype was either
different, not further specified, or the case did not have
confirmed dementia. For VaD, the corresponding confir-
mation rate was 74 %.

2.3 Controls

For each case of AD or VaD, we identified at random
one control patient without dementia and with no
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prescriptions for one of the above-mentioned AD-specific
drugs before the diagnosis date. Controls were matched
to cases on age (same year of birth), sex, calendar time
(i.e. controls were assigned the diagnosis date of their
corresponding cases), general practice, and number of
years of recorded history in the database prior to the
diagnosis date. The same exclusion criteria were applied
to controls as to cases.

2.4 Introduction of Induction Time: Assessment
of Prodromal Symptoms

We assumed that first-time prescriptions of benzodi-
azepines close to the diagnosis date were likely issued
for symptomatic treatment of prodromal symptoms of
early dementia (i.e. anxiety or insomnia). Controlling for
this induction time was achieved by shifting the diag-
nosis date back in time to the onset of symptoms of early
dementia. Optimal induction time was determined by
systematically exploring the risk of AD or VaD in rela-
tion to the first benzodiazepine prescription prior to the
diagnosis date by 1-year intervals going back 10 years in
time. The induction period was defined as 2 years for AD
and 3 years for VaD, and the diagnosis date was shifted
backwards accordingly (for cases and controls). From
here on, the term ‘index date’ will refer to this shifted
date.

2.5 Exposure to Benzodiazepines

Cases and controls were classified as users if they had ever
received a benzodiazepine prescription before the index
date. All others were considered non-users. We further
assessed the number of benzodiazepine prescriptions [in-
cluding the benzodiazepine receptor agonists (BzRAs)
zolpidem, zopiclon, and zaleplon] prior to the index date,
categorized as 1-9, 10-29, 30-59, 60-99, 100-149, or
>150 prescriptions. Number of prescriptions is a widely
used proxy for exposure duration; a benzodiazepine pre-
scription in our study population covers, on average,
28 days; thus, as an example, 150 prescriptions would
cover a period of 4200 days, or approximately 11.5 years,
given that the drug was taken on a regular basis (which is
usually the case with benzodiazepines used to treat
insomnia).

We further assessed whether users had only one type of
benzodiazepine prescribed during the entire exposure per-
iod, either based on the WHO Anatomical Therapeutic
Chemical (ATC) classification system (i.e. only classical
benzodiazepines or BZRAs) or on the estimated duration of
action (i.e. only ultrashort-acting, short to intermediate-
acting, or long-acting benzodiazepines) [24], and we

stratified users according to duration of use by assessing
the number of recorded prescriptions (same as above).

2.6 Covariates

We matched cases and controls for the potential con-
founders age, sex, calendar time (i.e. controls were
assigned the diagnosis date of their corresponding cases),
general practice, and number of years of recorded history
in the database. We further adjusted the analyses for BMI
(<18.5, 18.5-<25, 25-<30, =30 kg/mz, or unknown;
closest to the index date), smoking status (non-smoker,
current smoker, ex-smoker, or unknown; closest to the
index date), and depression [25] in the multivariate model.
Other potential confounders such as arterial hypertension,
diabetes mellitus (and/or use of antidiabetic drugs), dys-
lipidemia, atrial fibrillation, and heart failure, as well as use
of antihypertensives, statins, platelet aggregation inhibi-
tors, or anticoagulants within the 365 days prior to the
index date were also tested in bivariate analyses; however,
as they had no material impact (<10 % change) on the risk
estimates for the association of interest, they were not
included in the final multivariate model.

2.7 Statistical Analysis

Conditional logistic regression analyses were conducted to
explore the association between exposure to benzodi-
azepines and the risk of AD or VaD, expressed as odds
ratios (ORs) with 95 % confidence intervals (Cls) at a two-
sided p value of 0.05. All statistical analyses were per-
formed using SAS software, version 9.4 (SAS Institute,
Inc., Cary, NC, USA). We compared users of benzodi-
azepines in general, users of only classical benzodiazepines
or BzRAs, as well as users of only ultrashort-acting, short
to intermediate-acting, or long-acting benzodiazepines,
with non-users of benzodiazepines.

3 Results
3.1 Case Selection

Within the CPRD, we identified 126,146 patients aged
65 years or older with a first-time diagnosis of AD, VaD, or
unspecified dementia, or a first-time prescription for a drug
to treat AD at any time during the study period. From these
patients, 66,204 were excluded because they had less than
3 years of active history or one or more of the exclusion
diagnoses prior to the diagnosis date. After applying the
above-described algorithm on the remaining 59,942
patients, 19,463 well-defined AD and 11,916 VaD cases
remained (Fig. 1).
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126,146 patients aged 265 years
with a first-time diagnosis of AD,
VaD, unspecified dementia, or a
first-time prescription for a drug to
treat AD between 1998 and 2013

A 4

66,204 excluded because <3 years
of history or one or more of the
exclusion diagnoses prior to the

diagnosis date

A

59,942 eligible patients with a first-
time diagnosis of AD, VaD,
unspecified dementia, or a first-time
prescription for a drug to treat AD

28,563 excluded because not

\4

complying with the algorithm criteria

\ 4
19,463 AD
cases
2,640 excluded because not
complying with the initial exlusion
criteria after shifting the diagnosis |«
date by -2 years
A4
16,823 AD
cases

A
11,916 VaD
cases
2,280 excluded because not
complying with the initial exlusion
»| criteria after shifting the diagnosis
date by -3 years
A4
9,636 VaD
cases

Fig. 1 Case identification process. AD Alzheimer’s disease, VaD vascular dementia

3.2 Determination of Induction Time

The adjusted OR (aOR) (95 % CI) of developing AD for
those who started benzodiazepines <1 year before the
diagnosis was 2.20 (1.91-2.53), and fell to the null for
those who started between 2 and <3 years before [aOR
0.99 (0.84-1.17)]. The aOR (95 % CI) of developing VaD
for those who started benzodiazepines <1 year before the
diagnosis was 3.30 (2.78-3.92), and fell close to the null
for those who started between 3 and <4 years before [aOR
1.16 (0.96-1.40)] (Fig. 2). Thus, the appropriate induction
time was determined as 2 years prior to the AD diagnosis
date and 3 years prior to the VaD diagnosis date.
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3.3 Study Population

After shifting the diagnosis date accordingly, and
applying all study criteria, there remained 16,823 cases
with AD and 9636 with VaD (Fig. 1), which, together
with the corresponding number of matched dementia-free
controls, formed the study population. Mean age was
closely similar in AD and VaD cases [mean age (+SD)
78.8 (£6.3) vs. 79.6 (£6.3) years). The detailed age- and
sex-distribution, BMI, and smoking status, as well as
various comorbidities and co-medications for AD or VaD
cases and their corresponding controls, are displayed in
Table 1.
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3.4 Benzodiazepines and Risk of Alzheimer’s
Disease

Among AD cases and corresponding controls, 4878 (29.0 %)
and 4794 (28.5 %) used benzodiazepines at some point in
time prior to the index date. The median observation time
[interquartile range (IQR)] between the first benzodiazepine
prescription and the index date was 8.0 [3.0-12.5] years for
cases and 7.9 [3.2-12.6] years for controls.

Benzodiazepine use was not associated with an
increased risk of AD compared with non-use [aOR 0.95
(0.90-1.00)]. On the contrary, long-term benzodiazepine
users were at a lower relative risk of developing AD than
non-users, a finding that was most pronounced in those
with >150 prescriptions [aOR 0.69 (0.57-0.85)] (Table 2).

There was no substantial difference in the risk of AD for
classical benzodiazepines only or users of BzRAs only;
however, the number of exclusive long-term users of
BzRAs was low (Table 3).

We also observed a decreased relative risk of AD in
long-term users of long-acting or short to intermediate-
acting benzodiazepines only, with a tendency towards
lower ORs with longer-term use. The aORs (95 % CI) for
users with 100-149 or >150 prescriptions of only long-
acting benzodiazepines were 0.53 (0.30-0.95) and 0.70
(0.37-1.30), respectively; the corresponding aORs for users
of only short to intermediate-acting benzodiazepines were
0.91 (0.69-1.21) and 0.70 (0.48-1.01), respectively. The
number of long-term users of only ultrashort-acting ben-
zodiazepines (mainly BzRAs) was too low for a mean-
ingful interpretation of the corresponding aORs (Table 4).

3.5 Benzodiazepines and Risk of Vascular Dementia

Among VaD cases and corresponding controls, 2872
(29.8 %) and 2576 (26.7 %) used benzodiazepines at some

point in time prior to the index date. The median obser-
vation time (IQR) between the first benzodiazepine pre-
scription and the index date was 7.3 (2.9-12.1) years for
cases and 7.4 (2.8-12.0) years for controls.

Benzodiazepine use was not associated with an
increased risk of VaD compared with non-use [aOR 1.08
(1.01-1.15)]; however, in contrast to the association with
AD, long-term users did not have a reduced risk of VaD
compared with non-users; the aOR (95 % CI) for users
with >150 prescriptions was 1.11 (0.85-1.45) [Table 2].

Similar results were observed for users of classical
benzodiazepines only, whereas the number of long-term
users of BZRAs only was too low for a meaningful inter-
pretation of the corresponding aORs (Table 3).

We found no altered risk of VaD with increasing number
of prescriptions for users of only long-acting or short to
intermediate-acting benzodiazepines, whereas the number
of long-term users of only ultrashort-acting benzodiazepines
(mainly BzZRAs) was again too low for a meaningful inter-
pretation of the corresponding aORs (Table 4).

3.6 Additional Analyses

We also ran the analyses in the wider case population,
containing all 59,942 cases (i.e. AD, VaD, and unspecified
dementia) before application of the algorithm criteria (see
Fig. 1). We therefore first ran the induction time analysis
and determined the optimal induction period as 3 years; we
then ran the main analysis with the diagnosis date shifted
by 3 years. Also in the wider case population (containing
47,051 cases, after shifting the diagnosis date and applying
all study criteria), benzodiazepine use was not associated
with an increased risk of developing dementia (i.e. AD,
VaD, or unspecified dementia) [see electronic supplemen-
tary material Table 1].
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Table 1 Characteristics of patients with either Alzheimer’s disease or vascular dementia, and their corresponding controls

Alzheimer’s disease Vascular dementia
Cases Controls Unadjusted p value  Cases Controls Unadjusted p value
[n (%)] [n (%)] [OR (95 % CD)] [n (%)] [n (%)] [OR (95 % CD)]
(n =16,823) (n = 16,823) (n =9636) (n =9636)
Age at diagnosis (years)
65-69 1402 (8.3) 1417 (8.4) NA NA 603 (6.3) 608 (6.3) NA NA
70-74 2961 (17.6) 2975 (17.7) NA NA 1462 (15.2) 1462 (15.2) NA NA
75-79 4510 (26.8) 4513 (26.8) NA NA 2553 (26.5) 2569 (26.7) NA NA
80-84 4721 (28.1) 4714 (28.0) NA NA 2875 (29.8) 2902 (30.1) NA NA
85-89 2535 (15.1) 2545 (15.1) NA NA 1612 (16.7) 1602 (16.6) NA NA
>90 694 (4.1) 659 (390 NA NA 531 (5.5) 493 (5.1) NA NA
Sex
Male 5317 (31.6) 5317 (31.6) NA NA 3766 (39.1) 3766 (39.1) NA NA
Female 11,506 (68.4) 11,506 (68.4) NA NA 5870 (60.9) 5870 (60.9) NA NA
BMI (kg/m?)
<18.5 544 (3.2) 347 (2.1)  1.27 (1.10-1.46)  0.0009 252 (2.6) 201 (2.1) 1.13 (0.93-1.36) 0.2122
18.5 to <25 6845 (40.7) 5475 (32.5) 1.00 (Reference) NA 3538 (36.7) 3161 (32.8) 1.00 (Reference) NA
25 to <30 4950 (29.4) 5608 (33.3) 0.70 (0.66-0.74) <0.0001 2930 (30.4) 3215 (33.4) 0.81 (0.76-0.87) <0.0001
>30 1832 (10.9) 2686 (16.0) 0.53 (0.49-0.57) <0.0001 1337 (13.9) 1446 (15.0) 0.82 (0.75-0.90) <0.0001
Unknown 2652 (15.8) 2707 (16.1) 0.79 (0.73-0.84) <0.0001 1579 (16.4) 1613 (16.7) 0.87 (0.80-0.96)  0.0035
Smoking status
Non-smoker 8679 (51.6) 8497 (50.5) 1.00 (Reference) NA 4500 (46.7) 4827 (50.1) 1.00 (Reference) NA
Current smoker 1349 (8.0) 1546 (9.2) 0.85(0.78-0.92) <0.0001 1063 (11.0) 828 (8.6) 1.41 (1.27-1.56) <0.0001
Ex-smoker 5654 (33.6) 5570 (33.1) 0.99 (0.95-1.05) 0.8301 3390 (35.2) 3261 (33.8) 1.14 (1.06-1.22) 0.0002
Unknown 1141 (6.8) 1210 (7.2)  0.90 (0.82-1.00)  0.0388 683 (7.1) 720 (7.5)  1.00 (0.88-1.13)  0.9741
Comorbidities
Arterial 7277 (43.3) 8456 (50.3) 0.74 (0.70-0.77)  <0.0001 5376 (55.8) 4971 (51.6) 1.20 (1.13-1.27) <0.0001
hypertension
Diabetes mellitus 1602 (9.5) 1894 (11.3) 0.83 (0.77-0.89) <0.0001 1482 (15.4) 1085 (11.3) 1.44 (1.32-1.56) <0.0001
Dyslipidemia 2487 (14.8) 2575 (15.3) 0.96 (0.90-1.02) 0.1549 1651 (17.1) 1390 (14.4) 1.27 (1.17-1.38) <0.0001
Atrial fibrilliation 1097 (6.5) 1511 (9.0)  0.70 (0.65-0.76) <0.0001 1316 (13.7) 886 (9.2) 1.57 (1.44-1.73) <0.0001
Heart failure 655 (3.9) 986 (5.9)  0.65 (0.59-0.72) <0.0001 757 (7.9) 616 (6.4) 1.26 (1.13-1.41) <0.0001
Depression 2970 (17.7) ~ 2301 (13.7) 1.38 (1.30-1.47) <0.0001 1698 (17.6) 1190 (12.4) 1.56 (1.43-1.69) <0.0001

Co-medications®

Antihypertensives 8930 (53.1) 10,491 (62.4) 0.66 (0.63-0.70) <0.0001 6607 (68.6) 6185 (64.2) 1.34 (1.26-1.44) <0.0001
Statins 4208 (25.0) 4704 (28.0) 0.82 (0.78-0.86) <0.0001 3243 (33.7) 2551 (26.5) 1.53 (1.43-1.64) <0.0001
Platelet aggregation 5158 (30.7) 5679 (33.8) 0.85 (0.81-0.89) <0.0001 4476 (46.5) 3420 (35.5) 1.76 (1.65-1.87) <0.0001
inhibitors

Anticoagulants 675 (4.0) 967 (5.8)  0.67 (0.60-0.74) <0.0001 819 (8.5) 536 (5.6) 1.60 (1.43-1.80) <0.0001

OR odds ratio, CI confidence interval, BMI body mass index, NA not applicable

? Recent use (i.e. last prescription <365 days prior to the index date)

4 Discussion 4.1 Comparison with Other Studies

In this large, case—control analysis, no evidence was found  These findings are in contrast with the results of previous
for an increased risk of either AD or VaD related to the use studies that reported increased risks of dementia in users of
of benzodiazepines, after taking into consideration an benzodiazepines. However, the results of these studies have
appropriate induction time. to be interpreted in light of methodological limitations.
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Alternatively, and hypothetically, benzodiazepines may
indirectly exert a protective effect against the development
of AD by improving sleep (through their clinical effects on
sleep latency, number of awakenings, and duration and
quality of sleep), as sleep deprivation has been shown to
increase cerebrospinal fluid levels of AB42 [27], one of the
key proteins involved in the pathogenesis of AD. Such a
mechanism would also be in line with our observation that
use of benzodiazepines was not associated with an altered
risk of VaD.

4.3 Strengths and Limitations

This study has several strengths. First, we used a large, well-
established primary care database of high quality and
completeness. Second, we were in a position to include a
large number of patients with dementia (namely 16,823
well-defined AD patients and 9636 VaD patients, of whom
approximately 30 % were benzodiazepine users) to study
the association between benzodiazepine use and the risk of
AD and VaD with substantial statistical power. This large
number of subjects allowed us to study the risk of devel-
oping AD or VaD in mutually exclusive groups of users of
classical benzodiazepines or BZRAs only. Third, we care-
fully addressed the issue of protopathic bias by identifying
the relevant induction time between symptoms and diag-
nosis in the study population, and by shifting the diagnosis
date accordingly. Fourth, compared with other investiga-
tions, the observation period in our study was long (median
8.0 years for AD cases, and 7.4 years for VaD cases),
enabling us to thoroughly assess the effect of the long
duration of benzodiazepine use on the risk of AD and VaD
(>10 years) in contrast to a recently published investigation
where use of benzodiazepines of >6 months (reflecting
approximately two prescriptions in our study) was inade-
quately called ‘long-term’ benzodiazepine use [13]. Finally,
by excluding patients with less than 3 years of recorded
history in the database prior to the index date, we reduced
the possibility of including prevalent rather than incident
AD or VaD cases.

This study does have some limitations. First, we cannot
rule out the possibility of some AD and VaD case mis-
classification as not all dementia diagnoses can be accu-
rately assigned by subtype. However, to reduce the
possibility of misclassification when classifying AD or VaD
cases, we applied a published validated algorithm [23].
Second, we were not able to control for certain potential
confounders, such as level of education, marital status, or
socioeconomic status, since these factors are not routinely
recorded in the CPRD. However, we matched cases and
controls on general practice, which does control somewhat
for socioeconomic status. Third, we cannot establish with
certainty that patients who started to use benzodiazepines in

A\ Adis

the time period immediately preceding the diagnosis date
indeed got these drugs to treat prodromal symptoms. Thus,
in theory, induction of new-onset dementia by benzodi-
azepines in a subset of susceptible patients, and therefore a
possible causal association between short-term benzodi-
azepine use and dementia risk, cannot be ruled out com-
pletely, even though this seems to be a highly unlikely
alternative explanation for the observed phenomenon which
we interpreted as protopathic bias.

5 Conclusions

No increased risk of AD or VaD associated with the use of
benzodiazepines was found. On the contrary, long-term use
of benzodiazepines was associated with a lower relative risk
of developing AD, but not VaD, compared with non-users.
While we do not want to over-interpret the observed reduced
risk of AD associated with long-term use of benzodi-
azepines, we conclude that our results provide no evidence
for the hypothesis that benzodiazepine use is associated with
an increased risk of dementia. Nevertheless, restricted pre-
scribing of benzodiazepines is still advised given other well-
known adverse effects, particularly in the elderly, such as
dependence, cognitive impairment, falls, sedation, or
impairment of driving skills [28].
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