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Abstract 

Background Benzodiazepine use is common, particularly in older adults. Benzodiazepines have well-established 
acute adverse effects on cognition, but long-term effects on neurodegeneration and dementia risk remain uncertain.

Methods We included 5443 cognitively healthy (MMSE ≥ 26) participants from the population-based Rot-
terdam Study (57.4% women, mean age 70.6 years). Benzodiazepine use from 1991 until baseline (2005–2008) 
was derived from pharmacy dispensing records, from which we determined drug type and cumulative dose. Ben-
zodiazepine use was defined as prescription of anxiolytics (ATC-code: N05BA) or sedative-hypnotics (ATC-code: 
N05CD) between inception of pharmacy records and study baseline. Cumulative dose was calculated as the sum 
of the defined daily doses for all prescriptions. We determined the association with dementia risk until 2020 using Cox 
regression. Among 4836 participants with repeated brain MRI, we further determined the association of benzodiaz-
epine use with changes in neuroimaging markers using linear mixed models.

Results Of all 5443 participants, 2697 (49.5%) had used benzodiazepines at any time in the 15 years preceding base-
line, of whom 1263 (46.8%) used anxiolytics, 530 (19.7%) sedative-hypnotics, and 904 (33.5%) used both; 345 (12.8%) 
participants were still using at baseline assessment. During a mean follow-up of 11.2 years, 726 participants (13.3%) 
developed dementia. Overall, use of benzodiazepines was not associated with dementia risk compared to never 
use (HR [95% CI]: 1.06 [0.90–1.25]), irrespective of cumulative dose. Risk estimates were somewhat higher for any use 
of anxiolytics than for sedative-hypnotics (HR 1.17 [0.96–1.41] vs 0.92 [0.70–1.21]), with strongest associations for high 
cumulative dose of anxiolytics (HR [95% CI] 1.33 [1.04–1.71]). In imaging analyses, current use of benzodiazepine 
was associated cross-sectionally with lower brain volumes of the hippocampus, amygdala, and thalamus and longitu-
dinally with accelerated volume loss of the hippocampus and to a lesser extent amygdala. However, imaging findings 
did not differ by type of benzodiazepines or cumulative dose.

Conclusions In this population-based sample of cognitively healthy adults, overall use of benzodiazepines 
was not associated with increased dementia risk, but potential class-dependent adverse effects and associations 
with subclinical markers of neurodegeneration may warrant further investigation.
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Background
Benzodiazepines are the most commonly prescribed psy-
chotropic medication in developed countries, and the 
number of prescriptions is increasing [1, 2]. Approxi-
mately 10% of the adult European population is using 
benzodiazepines, increasing with age up to 30% in peo-
ple aged 65 years or older [1, 3]. Guidelines discourage 
long-term use due to risk of psychological and physical 
dependence, falls, and cognitive impairment, especially 
in older adults. Nevertheless, approximately 30–40% 
of older benzodiazepine users continues use beyond 
the recommended period of several weeks [4, 5]. This 
increasing trend of prolonged use of benzodiazepines 
raises concerns about potential long-term adverse effects, 
in particular on cognitive ability and dementia risk.

Benzodiazepine use has well-established acute effects 
on cognition through GABAergic effects, which may per-
sist long after withdrawal [6]. Long-term effects, how-
ever, are uncertain and need not be purely detrimental. 
On the basis of animal studies, benzodiazepine exposure 
might have neuroprotective effects through reduced 
neuroinflammation and mitigating ApoE-induced phos-
phorylation and dysregulation of hippocampal neurogen-
esis as well as detrimental effects on dementia pathology 
through augmentation of tau phosphorylation, amyloid 
deposition, and reduction of brain-derived neurotropic 
factor (BDNF) [7]. Several observational studies have 
investigated whether these observations translate also 
into altered dementia risk in humans. Results from two 
recent meta-analyses suggest that use of benzodiazepines 
is associated with higher dementia risk, indicating that 
the harmful effects of benzodiazepine might outweigh 
any protective effects. However, causal inference from 
the included studies was hampered by methodological 
and statistical heterogeneity [8, 9]. Reversed causation, 
confounding by indication, and residual confounding in 
particular raised doubt about the causal interpretation 
of observations. Anxiety and sleep disturbances are sug-
gested to be independent risk factors for dementia [10, 
11], and consequent prescription of benzodiazepine med-
ication against anxiety or sleep disturbances may lead to 
spurious associations between benzodiazepine use and 
dementia (i.e., confounding-by-indication). Moreover, 
symptoms of anxiety and sleep disturbances frequently 
occur in the prodromal phase of dementia, in response 
to perceived decline in cognitive ability or as a conse-
quence of shared neurobiological pathways between 
dementia, anxiety, and sleep disorders. In this context 
too, spurious associations can arise due to prescription 

of benzodiazepines in response to prodromal features 
of dementia, a phenomenon commonly referred to as 
reversed causation [12]. Heterogeneity may be increased 
due to differential effects of benzodiazepines on Alzhei-
mer’s disease pathology versus other causes of neurode-
generation [13]. Concurrent assessment of preclinical 
markers of dementia, notably imaging markers, could in 
part alleviate these concerns and provide further insight 
in the neurobiological mechanisms through which ben-
zodiazepine use might increase dementia risk, but such 
studies are scarce. One cross-sectional study among 2323 
patients attending a French memory clinic found that 
benzodiazepine users had larger hippocampal volumes 
[14], but no published studies have determined the long-
term association between benzodiazepine use and pre-
clinical neurodegeneration in unselected populations.

We hypothesized that long-term use of benzodiaz-
epines affects measures of structural brain imaging as 
well as long-term dementia risk. We therefore aimed to 
determine the effect of benzodiazepine use on long-term 
dementia risk and on imaging markers of neurodegenera-
tion in a prospective, population-based cohort of cogni-
tively healthy older adults.

Methods
Study population
Data was drawn from the Rotterdam Study, of which 
details have been described elsewhere [15]. In short, the 
Rotterdam Study is an ongoing prospective population-
based cohort study, which started in 1990 with the aim 
to investigate the occurrence and determinants of com-
mon diseases in the elderly [15]. In 1990, the Rotterdam 
Study started with an original cohort of 7983 participants 
aged 55 years and older (RS-I). In 2000, this cohort was 
extended with 3011 participants who had reached age 55 
or moved into the study area (RS-II). In 2006, an addi-
tional 3932 participants aged 45 years and over were 
included (RS-III), which resulted in a total study popula-
tion of 14,926 participants. Participants undergo follow-
up examinations every 4 years at a dedicated research 
center. For the incident dementia analyses in the current 
study, we included participants aged 60 years or older 
who took part in the fourth visit of RS-I (2002–2004), 
the second visit of RS-II (2004–2005), or the first visit 
of RS-III (2006–2008). Of 6258 eligible participants, we 
excluded those with cognitive impairment (Mini-Mental 
State Examination (MMSE) < 26) at baseline (N = 806), 
those with missing pharmacy data (N = 8), and those 
who withdrew informed consent for dementia follow-up 
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(N = 1), which resulted in the inclusion of 5443 partici-
pants. An overview of the inclusion of participants is 
presented in Additional file 1: Figure S1. Brain magnetic 
resonance imaging (MRI) was incorporated in the Rot-
terdam Study protocol from 2005 onwards. For the MRI 
analyses, we included cognitively healthy (MMSE ≥ 26) 
participants who underwent brain MRI between 2005 
and 2015. Given the long preclinical phase of neurode-
generative disease, all persons > 45 years were allowed to 
participate. Of 4956 eligible participants who underwent 
brain MRI, 4836 had at least one scan that passed quality 
control.

Use of benzodiazepines and Z‑drugs
Information on benzodiazepine use was available through 
pharmacy dispensing records from 1991 onwards for 
cohort RS-I, and from 1995 onwards for cohort RS-II 
and cohort RS-III, classified according to the Anatomical 
Therapeutic Chemical (ATC) code. We extracted all filled 
prescriptions of benzodiazepines from inception of phar-
macy records to study baseline (2002–2008). For each 
prescription, we extracted the prescription date, duration 
of use, and strength in defined daily dosage (DDD), as 
defined by the World Health Organization [16]. Benzo-
diazepine use was defined as prescription of anxiolytics 
(ATC-code: N05BA) or sedative-hypnotics (ATC-code: 
N05CD) between inception of pharmacy records and 
study baseline. We further calculated cumulative defined 
daily dose from inception of pharmacy records to base-
line and whether participants were still using at baseline 
or discontinued use prior to baseline. Similarly, infor-
mation on the use of Z-drugs (ATC-code: N05CF) was 
extracted.

Dementia screening and surveillance
Participants were screened for dementia at each center 
visit, using the Mini-Mental State Examination (MMSE) 
and the Geriatric Mental Schedule (GMS). Those with 
MMSE < 26 or GMS > 0 underwent further investiga-
tion, including an informant interview and the Cam-
bridge Examination for Mental Disorders of the Elderly 
(CAMDEX). In addition, the entire cohort was continu-
ously under surveillance for dementia through electronic 
linkage with medical records from general practitioners 
and the regional institute for outpatient mental health 
care. All cases suspect for dementia were reviewed by a 
consensus panel, led by a consultant neurologist, which 
applied standard criteria for dementia (Diagnostic and 
Statistical Manual of Mental Disorders (DSM)-III-R) to 
come to a final diagnosis. Participants were censored at 
date of dementia diagnosis, date of death, date of loss to 
follow-up, or January 1, 2020, whichever came first [17]. 

Follow-up for dementia until 1 January 2020 was com-
plete for 93.9% of the potential person years.

MRI protocol and image processing
MRI of the brain was performed on a 1.5 T scanner (Gen-
eral Electric Healthcare, Milwaukee, WI) using an 8-channel 
head coil. Imaging acquisition included a high-resolution 3D 
T1-weighted, proton density-weighted, and a fluid-attenu-
ated inversion recovery (FLAIR) sequence. A detailed scan 
protocol of the Rotterdam Study is described elsewhere [18]. 
Volumes in milliliters (mL) of the total brain, grey matter, 
and white matter were obtained by automated tissue seg-
mentation based on a k-nearest neighbor algorithm. All seg-
mentations were visually inspected and manually corrected 
when necessary. Volumes of subcortical structures involved 
in memory and mood regulation (i.e., the hippocampus, 
thalamus and amygdala) were obtained by processing 
T1-weighted images with FreeSurfer (version 6.0) [19].

Other measurements
Information on age, sex, educational attainment (primary, 
lower, intermediate or higher education), smoking habits 
(never, current, or former), and alcohol use (grams/day) 
was ascertained during a home interview. Prevalence of 
stroke, cancer, coronary heart disease, congestive heart 
failure, atrial fibrillation, and chronic obstructive pul-
monary disease was assessed by interview at baseline 
and verified in medical records. The Composite Interna-
tional Diagnostic Interview (CIDI) [20] was used for the 
assessment of symptoms of anxiety; the Pittsburg Sleep 
Quality Index (PSQI) [21] was used to assess sleep qual-
ity. Presence of depressive symptoms was defined as a 
score of > 15 on the Center for Epidemiology Depression 
Scale (CES-D) [22] or the use of antidepressants. Dur-
ing baseline center visit, blood pressure was measured in 
sitting position using a random-zero sphygmomanom-
eter; hypertension was defined as a systolic blood pres-
sure > 140 mmHg, a diastolic blood pressure > 90 mmHg, 
or the use of blood pressure-lowering medication. The 
estimated glomerular filtration rate (eGFR) was calcu-
lated using the Chronic Kidney Disease Epidemiology 
Collaboration equation, based on creatinine concentra-
tions in fasting blood samples [23]. Diabetes was defined 
as fasting blood glucose > 7.0 mmol/L or use of antidia-
betic medication. Total fat mass was obtained using dual-
energy X-ray absorptiometry (DXA) scans.

Statistical analyses
Missing covariate data were imputed using tenfold 
imputation. Distribution of variables was similar in the 
imputed and non-imputed datasets. Percentages of miss-
ing data are shown in the footnote of Table 1. Data on all 
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variables were at least 90% complete, except for fat mass 
(73%). For the main analyses, ever use of benzodiazepines 
was compared to never use. In secondary analyses, we 
distinguished former from current use, stratified by the 
median cumulative defined daily dose, and differentiated 
anxiolytic from sedative-hypnotic benzodiazepines.

First, we determined the association between benzo-
diazepine use and risk of all-cause dementia using Cox 
proportional hazards regression models. All analyses 
were adjusted for age, sex, education, and time between 
inception of pharmacy records and baseline visit (model 
1) and additionally for smoking habits, alcohol use, 
total fat mass, eGFR, presence of symptoms of anxiety, 
sleep problems or depression, and prevalence of diabe-
tes, stroke, atrial fibrillation, congestive heart failure, 

coronary heart disease, cancer, and chronic obstruc-
tive pulmonary disease (model 2). In various sensitivity 
analyses, we then (i) stratified by presence of at least one 
anxiety disorder according to a score above the cut-off on 
the CIDI; (ii) stratified by the presence of sleep problems 
according to the PSQI; (iii) stratified on high vs. low alco-
hol use, where high alcohol use was defined as average 
consumption of more than 2 units (10 g) per day; and (iv) 
included benzodiazepine use as a time-varying variable 
up till dementia diagnosis. We compared the associations 
of oxazepam (t1/2 = 5–15 h) and diazepam (t1/2 = 20–70 h) 
with dementia risk to assess the effect of drug half-
life. Finally, we assessed the effect of use of Z-drugs on 
dementia risk.

Table 1 Baseline characteristics of the study population

Data are presented as frequency (%) for categorical variables, mean ± standard deviation for normally distributed continuous variables, and median ± quartiles for 
non-normally distributed continuous variables

Covariates with missing data in total study population: education (1.3%), anxiety disorder (4.9%), poor sleep quality (3.4%), depression (3.5%), fat mass (27.7%), 
smoking (4.1%), alcohol (1.8%), diabetes (3.1%), hypertension (0.2%), coronary heart disease (1.6%), heart failure (0.1%), atrial fibrillation (8.1%), cancer (9.4%), chronic 
obstructive pulmonary disease (7.8%), glomerular filtration rate (5.2%)
a Presence of anxiety according to the Composite International Diagnostic Interview
b Sleep quality as assessed by the Pittsburg Sleep Quality Index
c Depression was defined as a score of > 15 on the Center for Epidemiology Depression Scale (CES-D) or the use of antidepressants

Characteristics Total study population (N = 5443) MRI sample (N = 4836)

Age, years 70.6 (± 7.6) 63.4 (± 11.1)

Women 3125 (57.4%) 2694 (55.7%)

Education

 Primary 531 (9.8%) 378 (7.8%)

 Lower or intermediate vocational 2343 (43.0%) 1806 (37.3%)

 Intermediate vocational or higher 1639 (30.1%) 1476 (30.5%)

 Higher vocational or university 859 (15.8%) 1129 (23.3%)

Anxietya 391 (7.2%) 324 (6.7%)

Sleep  qualityb 3.0 (1.2–6.0) 3.0 (2.0–6.0)

Depressive  symptomsc 1163 (21.4%) 551 (11.4%)

Fat mass, kg 26.9 (± 9.0) 26.9 (± 8.9)

Smoking

 Never 1559 (28.6%) 1444 (29.9%)

 Former 2760 (50.7%) 2326 (48.1%)

 Current 899 (16.5%) 975 (20.2%)

Alcohol, grams/day 7.4 (0.71–20.0) 1.6 (1.0–8.57)

Diabetes 701 (12.9%) 596 (12.3%)

Hypertension 4161 (76.4%) 2997 (62.0%)

Stroke 209 (3.8%) 180 (3.7%)

Coronary heart disease 499 (9.2%) 300 (6.2%)

Heart failure 229 (4.2%) 59 (1.2%)

Atrial fibrillation 309 (5.7%) 136 (2.8%)

Cancer 513 (9.4%) 482 (10.0%)

Chronic obstructive pulmonary disease 422 (7.8%) 273 (5.6%)

Glomerular filtration rate 74.8 (± 14.5) 81.7 (± 15.6)
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Next, we determined baseline differences in brain vol-
umes between benzodiazepine users and non-users using 
linear regression models and applied linear mixed mod-
els to determine the association between benzodiazepine 
use and change in brain volumes over time of the total 
brain, white matter, grey matter, hippocampus, amygdala, 
and thalamus. Adjustments were similar to the dementia 
models, with the addition of total intracranial volume. To 
account for possible nonlinear trajectories, we included 
splines of follow-up time, with knots at the median fol-
low-up duration of 3.3 years. An interaction of follow-up 
time with age was included, to allow for slope differences 
in the relationship with age.

Analyses were done using SPSS version 28 [24] and R 
version 4.1.3 (packages: “Mice,” “nlme”).

Patient and public involvement
Participants of the Rotterdam Study are represented 
through a panel that is consulted on a regular basis 
about study management and results. All participants are 
informed on results and publications of the Rotterdam 
Study through newsletters. In the current manuscript, 
participants were not involved in the development of 
research questions or study design.

Results
Table  1 contains baseline characteristics of the study 
population. During the exposure period preceding base-
line, 2701 (49.6%) participants had used benzodiazepines 
at any time, of whom 1264 (46.7%) had exclusively used 
anxiolytics, 533 (19.7%) had used sedative-hypnotics, 
and 904 (33.5%) had used both. In total, 368 (7.8%) had 
used Z-drugs, of whom 306 (83.2%) also used benzodiaz-
epines. At study baseline, 345 (12.8%) participants were 
presently using benzodiazepines.
In participants aged < 55 years, 2.6% was currently using 
benzodiazepines at baseline, which increased up to 7.5% 
in those aged > 80 years. Regarding overall use during the 
exposure period, women more often had used benzodi-
azepines than men (57.2% vs. 39.4%), and use was also 
more frequent in lower educated individuals (55.2% in 
primary education vs. 41.6% in higher vocational educa-
tion or university).

Cumulative dose of benzodiazepines until baseline was 
a median 37.0 defined daily dose [interquartile range 
(IQR): 10.0–240.0], which was lower for users of anxio-
lytics than for sedative-hypnotics (12.0 [5.0–53.0] vs. 35.0 
[10.0–192.0], p < 0.001).

Incident dementia
During a mean follow-up of 11.2 years, 726 (13.3%) par-
ticipants developed dementia. In fully adjusted models, 
use of benzodiazepines was not associated with dementia 

risk (hazard ratio [95% confidence interval]: 1.06 [0.90; 
1.25]), irrespective of cumulative dose (Fig. 1). Effect esti-
mates were similar between past users and those who 
were still using at baseline (Fig. 1).

Regarding different types of benzodiazepines, effect 
estimates were somewhat higher for ever use of anxio-
lytics than for sedative-hypnotics, although neither was 
statistically significant (Fig.  2). The highest risk esti-
mates were observed for high cumulative dose of anxio-
lytics only (HR [95% CI] with low cumulative dose: 1.05 
[0.83; 1.33] vs. high cumulative dose: 1.33 [1.04; 1.71]). 
No dose–response association was observed for seda-
tive-hypnotics or for individuals with combined use of 
anxiolytics and sedative-hypnotics (Fig. 2). In sensitivity 
analyses assessing the two most commonly used types 
of anxiolytics, we observed no differences in effect esti-
mates between the use of short half-life oxazepam and 
long half-life diazepam (ever use compared to never use, 
for oxazepam: HR [95% CI] 1.01 [0.78; 1.31] and for diaz-
epam: HR [95% CI] 1.06 [0.82; 1.39]).

Presence of anxiety, poor self-reported sleep, and 
depressive symptoms were all more common in current 
users of benzodiazepines, compared to past users and in 
particular never users (Additional file 2: Table 1). Among 
391 participants with high levels of anxiety at baseline, 
risk estimates for anytime benzodiazepine use were 
somewhat higher compared to those with low anxiety 
(with high anxiety; (HR [95% CI] 1.47 [0.78; 2.79]; with 
low anxiety: HR [95% CI] 1.05 [0.88; 1.25]). We observed 
opposite and less pronounced differences compar-
ing those with and without sleep problems (Additional 
file  2: Table  S1). Stratification on low alcohol consump-
tion (average daily alcohol consumption below 2 units) 
vs. high alcohol consumption (average daily alcohol con-
sumption of 2 units or higher) showed no difference in 
effect estimates in high alcohol consumption compared 
to low alcohol consumption (low alcohol consumption: 
1.06 [0.88; 1.28], high alcohol consumption: 1.08 [0.73; 
1.59], Additional file 2: Table S1), with a non-significant 
interaction between benzodiazepine and alcohol use 
(p = 0.411). Analyses including benzodiazepine use as 
time-varying exposure up till dementia diagnosis showed 
higher estimates in ever users (HR [95% CI] 1.22 [1.04; 
1.43]).

For Z-drugs, ever use was not significantly associated 
with dementia risk (HR [95% CI] 1.24 [0.93; 1.65]). Effect 
estimates were somewhat higher for high cumulative 
dose (Fig. 2).

Change in neuroimaging markers
Among 4836 participants with brain MRI, any use of 
benzodiazepines during the exposure period was not 
associated with brain volumes at baseline (Additional 
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file 3: Table S2), but current use at baseline was signifi-
cantly associated with lower total brain volume as well 
as volumes of the hippocampus, amygdala, and thalamus 
(Additional file 3: Table S2).

Of all 4836 participants who underwent brain MRI, 
3099 (64.1%) had at least 1 follow-up scan. Use of ben-
zodiazepines was associated with accelerated reduc-
tion in hippocampal volume during follow-up, with 
most pronounced differences during long-term follow-
up (change in standardized brain volume (β) [95% CI] 
in < 0–3  years: − 0.018 [− 0.060; 0.024] vs. > 3–10  years 
of follow-up: − 0.117 [− 0.211; − 0.023]; Fig.  3). A simi-
lar trend was observed in the amygdala (β [95% CI] 
in < 0–3  years of follow-up: − 0.035 [− 0.094; 0.024] 
vs. > 3–10  years of follow-up: − 0.101 [− 0.235; − 0.032]; 
Fig.  3). However, we observed no dose–response rela-
tionship in these associations, and in contrast to the 
cross-sectional imaging analyses, risk estimates were 

higher with former use than current use at baseline 
(Additional file  4: Table  S3). No significant associations 
were observed with change in total brain volume nor 
with change in volumes of the grey matter, white matter, 
and thalamus (Fig. 3).

When assessing types of benzodiazepines separately, 
effect estimates for change in hippocampal and amyg-
dalar volumes were comparable between anxiolytic and 
sedative-hypnotic use (Table  2). Across subtypes, once 
again, there were no significant associations of benzodi-
azepine use with change in total brain volume, grey mat-
ter volume, or thalamic volume. Use of anxiolytics was 
associated with less reduction in white matter volume, 
whereas combined use of anxiolytics and sedative-hyp-
notics was associated with accelerated reduction in white 
matter (Table 2). Use of Z-drugs was not associated with 
change in brain volume in any of the aforementioned 
brain areas (Table 2).

Benzodiazepine use

Never use

Ever use

Never use

< Median cumulative dose

>= Median cumulative dose

Never use

Past use

Current use

ndem Ntotal

343/2741

382/2702

343/2741

164/1344

218/1353

343/2741

329/2357

53/345

Hazard ratio (95% CI)

reference

1.06 (0.90 − 1.25)

reference

1.02 (0.84 − 1.24)

1.11 (0.91 − 1.36)

reference

1.08 (0.92 − 1.28)

0.97 (0.70 − 1.33)

0.50 0.75 1.0 1.25 1.5 2.0
HR (95% CI)

Fig. 1 Benzodiazepine use and dementia risk. All estimates refer to the comparison with never use. Estimates are adjusted for age, sex, education, 
time between inception of pharmacy records and baseline visit, presence of anxiety, sleep problems and depression, smoking status, alcohol use, 
glomerular filtration rate, and prevalence of diabetes, hypertension, stroke, coronary heart disease, heart failure, atrial fibrillation, cancer, and chronic 
obstructive pulmonary disease. Ndem = number of dementia cases. Ntotal = total number of participants in group. CI, confidence interval. Median 
cumulative daily dose in any type was 37 DDD, in anxiolytics 18 DDD, and in sedative-hypnotics 51.5 DDD



Page 7 of 11Hofe et al. BMC Medicine          (2024) 22:266  

Discussion
In this prospective population-based study, benzodiaze-
pine use was not associated with increased dementia risk. 
However, we did observe associations with accelerated 
reduction in hippocampal and to a lesser extent amygda-
lar volume over time. Yet, we found no evidence of a clear 
and consistent dose–response relationship, and subgroup 
analyses did not support stronger associations for benzo-
diazepines with potentially more harmful pharmacody-
namic properties.

The absence of an association between benzodiazepine 
use and dementia risk contradicts findings from recent 
meta-analyses of previous research, which showed an 
association between benzodiazepine use and increased 
risk of dementia with pooled odds ratios of 1.33 to 1.78 

[8, 9]. The discrepancy might be attributed to variation 
in study design. Sensitivity analyses within the meta-
analyses suggested that observed associations may have 
been influenced by reversed causation  and confound-
ing by indication, with no significant associations and 
smaller effect estimates in studies that more adequately 
accounted for these types of bias [9]. Moreover, publica-
tion bias may have skewed meta-analysis towards posi-
tive associations. In the current study, we attempted to 
minimize reversed causation by excluding participants 
with cognitive impairment at baseline and assessing ben-
zodiazepine use until baseline rather than until dementia 
diagnosis. When including benzodiazepine exposure in a 
time-varying manner up to dementia diagnosis as a sensi-
tivity analysis, we indeed observed a positive association.

Anxiolytics
Never use
Ever use
< Median cumulative dose
>= Median cumulative dose
Past use
Current use

Sedative−hypnotics
Never use
Ever use
< Median cumulative dose
>= Median cumulative dose
Past use
Current use

Both anxiolytics and sedative−hypnotics
Never use
Ever use
< Median cumulative dose
>= Median cumulative dose
Past use
Current use

Z−drugs
Never use
Ever use
<Median cumulative dose
>= Median cumulative dose
Past use
Current use

ndem Ntotal

343/2741
190/1264
94/726
96/536
76/659
17/79

343/2741
72/533
33/300
38/230
61/467
11/66

343/2741
120/904
20/196
100/708
93/711
27/193

671/5075
55/368
20/165
35/203
44/322
11/46

Hazard ratio (95% CI)

reference
1.17 (0.96−1.41)
1.05 (0.83 − 1.33)
1.33 (1.04 − 1.71)
1.16 (0.96 − 1.41)
Not estimable

reference
0.92 (0.70 − 1.21)
0.87 (0.61 − 1.26)
0.97 (0.67 − 1.41)
0.93 (0.70 − 1.24)
Not estimable

reference
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reference
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Not estimable

0 0.5 1 1.5 2 2.5
HR (95% CI)

Fig. 2 Types of benzodiazepines and Z-drugs and dementia risk. All estimates refer to the comparison with never use. Estimates are adjusted 
for age, sex, education, time between inception of pharmacy records and baseline visit, presence of anxiety, sleep problems and depression, 
smoking status, alcohol use, glomerular filtration rate, and prevalence of diabetes, hypertension, stroke, coronary heart disease, heart failure, atrial 
fibrillation, cancer, and chronic obstructive pulmonary disease. Ndem = number of dementia cases. Ntotal = total number of participants in group. CI, 
confidence interval. Median cumulative daily dose in any type was 37 DDD, in anxiolytics 18 DDD, in sedative-hypnotics 51.5 DDD, and in Z-drugs 
30.0 DDD
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A high cumulative dose of anxiolytics was associated 
with an increased risk of dementia; similar results were 
observed in Z-drug users, while no such association was 
observed among sedative-hypnotics users. The primary 
distinction between anxiolytics and sedative-hypnot-
ics is based on pharmacokinetics. Sedative-hypnotics, 
prescribed against sleep problems, primarily consist of 
benzodiazepines with short half-life to minimize day-
time drowsiness, while anxiolytics, prescribed against 
anxiety, contain benzodiazepines with long half-life to 
provide sustained effects throughout the day. We did 
not observe differences in effect estimates between long 
half-life and short half-life anxiolytics, indicating that the 
half-life of benzodiazepine does not impact the observed 
effect. Stratification on indication revealed higher effect 
estimates among users with existing anxiety disorders, 
suggesting that confounding by indication might have 
influenced these results, although we observed elevated 
effect estimates with high cumulative doses of Z-drugs, 
typically prescribed against sleep problems.

Given the availability of effective alternative pharma-
cological and non-pharmacological treatments for anxi-
ety and sleep problems [25], it is important to carefully 
consider the necessity of prolonged benzodiazepine use 
in light of potential detrimental effects on brain health. 
In our study, we observed an association between ben-
zodiazepine use and subclinical accelerated reduction 
in hippocampal volume, which is in contrast with one 
earlier performed cross-sectional study, which reported 

larger hippocampal volumes in benzodiazepine users 
[14]. While this cross-sectional study was performed 
within a memory-clinic population, our study is the first 
to focus on long-term associations within a cognitively 
healthy group. Although the exact mechanisms under-
lying the effect of benzodiazepines on brain volume are 
still unclear, one animal study showed decreased neu-
ronal plasticity in mice when chronically exposed to 
benzodiazepines [26]. In addition, benzodiazepines have 
suggested amyloid lowering properties [13, 27]. Several 
amyloid-lowering therapies have been associated with 
decrease in hippocampal volume without changes in 
clinical outcomes, of which mechanisms are still unex-
plained [28]. Future studies should explore whether ben-
zodiazepine use has distinct effects on specific dementia 
pathologies linked to amyloid deposition in limbic struc-
tures, such as limbic-predominant age-related TDP-43 
encephalopathy (LATE). Nonetheless, our result indi-
cate that benzodiazepine use may have subtle, long-term 
impact on brain health, although we found no evidence of 
a dose–response relationship, and in contrast to demen-
tia analyses, subgroup analyses did not support stronger 
effects in anxiolytics use compared to use of sedative-
hypnotics. Meanwhile, our results support the current 
guidelines cautioning against long-term benzodiazepine 
prescription.

The current study is strengthened by its detailed, 
long-term information on benzodiazepine use as well 
as incident dementia and longitudinal brain imaging. 
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There are also limitations to consider. First, the exclu-
sion of individuals with cognitive impairment at base-
line reduced reversed causation, but it may have led 
to selection bias and consequently underestimation of 
adverse effects of benzodiazepines. Second, while attri-
tion during dementia follow-up was only 6%, one third 
of participants did not undergo repeated brain MRI. As 
participants with mental health problems or cognitive 
impairment are less likely to undergo repeated imag-
ing, this might have attenuated the association between 
benzodiazepine use and brain atrophy. Third, all brain 
MRIs were conducted on the same 1.5 Tesla MRI scan-
ner to limit inter-scanner variability and ensure con-
sistent imaging across successive assessments, yet 
providing lower sensitivity to subtle structural brain 
changes than 3 T imaging would have. Fourth, several 
covariates were measured through self-report (e.g., 
smoking behavior, alcohol consumption, symptoms 
of anxiety, sleep disorder, or depression), which might 

be subject to information bias. Fifth, the use of DSM-
III-R criteria may have led to some underdiagnosis of 
dementia without memory impairment [29]. Last, this 
study was performed in a predominantly White popula-
tion, potentially hampering generalizability in view of 
previously reported effects of genetic and cultural dif-
ferences (e.g., diet) on psychotropic medication [30].

Conclusions
In the current study, benzodiazepine use was not asso-
ciated with increased dementia risk, but potential 
class-dependent adverse effects and associations with 
subclinical markers of neurodegeneration may warrant 
further investigation.
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