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INTRODUCTION

Benzodiazepines are a widely used class of drugs that are used 
for treating anxiety, depression, and insomnia [1-3]. Benzodiaze-
pines are excellent alleviators of stress and anxiety, by enhancing 
the effects of gamma-aminobutyric acid [4]. Additionally, ben-
zodiazepines are frequently used to reduce rapid eye movement 
(REM) sleep and sleep onset latency [5,6], which aids in restora-
tion of psychological function. In South Korea, triazolam, fluni-
trazepam, and brotizolam are the approved benzodiazepines by 
the Korean Food and Drug Administration (KFDA) for manag-
ing short-term insomnia [7]. Due to their high potential for de-
pendency, they are advised for up to 4 weeks in the treatment of 
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insomnia. Additionally, other benzodiazepines, such as clonaze-
pam, diazepam, lorazepam, and etizolam are not approved for in-
somnia by the KFDA but are frequently used off-label for treating 
insomnia in clinical settings. Therefore, it is challenging for both 
patients and healthcare providers to prescribe benzodiazepines 
optimally.

Aside from their diverse indications, benzodiazepines are known 
to result in problems with long-term use [8]. With higher dosages 
and/or long-term use, benzodiazepines are known to have an 
abuse potential and result in respiratory depression, falls, and 
withdrawal [9-12]. Additionally, problems with attention and 
memory, such as impaired daytime performance, anterograde 
amnesia, and memory disturbances have also been reported [13-16]. 
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Due to their potential for memory impairment, many have ques-
tioned whether memory problems due to benzodiazepines lead 
to dementia.

Dementia is a neurocognitive disorder that is characterized 
by loss of cognition in multiple cognitive domains along with 
deficits in social and/or occupational functions [17]. There are 
numerous subtypes of dementia, such as Alzheimer’s disease 
(AD), vascular dementia, dementia of Lewy bodies, and Parkin-
son’s disease dementia. Although there have been pharmacologi-
cal advancements regarding the optimal cure for AD over the 
years, AD remains a major public health issue worldwide.

Due to public concerns regarding the social and financial bur-
den of dementia, numerous experts have investigated the risk of 
dementia with benzodiazepines. Previous studies have evaluated 
the short-term memory effects of benzodiazepines; however, the 
detrimental effects of long-term use of benzodiazepines remain 
inconsistent. Some previous studies have suggested that benzo-
diazepines are associated with the incidence of neurocognitive 
disorders [18-21], while other studies have reported mixed or 
even potentially protective effects [22-26]. Therefore, in the cur-
rent study, we evaluated the association between benzodiaze-
pines and dementia by comparing the effects of each benzodiaz-
epine in a Korean nationwide sample.

METHODS

Data collection
We used the Health Insurance Review and Assessment (HIRA) 

database to collect data regarding the diagnosis codes and medi-
cations that were prescribed. HIRA, known as the National Health 
Insurance (NHI) data, includes the demographic, clinical, and 
prescription data of nearly 98% of the South Korean population. 
HIRA data are generated during the reimbursement of healthcare 
providers under NHI and contain clinical information [27]. This 
information ranges from general demographic data to data regard-
ing the diagnosis, procedures, and outpatient prescriptions, such 
as drug codes, coverage, and quantity of prescribed medications.

We collected the diagnostic and prescription data between Jan-
uary 1, 2009, and December 31, 2014, from the HIRA database. 
The clinical data were collected from the medical institutions that 
were eligible for insurance benefits. A total of 296,787,595 partici-
pants were registered in the HIRA with national health insurance 
during 2009–2014. In this study, an operational definition of the 
dementia group of patients was used for a reliable analysis. We 
defined the dementia group as the group of patients who were 
diagnosed with dementia-related diagnostic codes and were pre-
scribed anti-dementia drugs more than once.

Subjects
The following diagnostic codes for dementia from the Korean 

Informative Classification of Disease (KOICD) were used: F00, 
F01, F02, F03, G30, and G31. Anti-dementia medications includ-
ed the following drugs that were prescribed more than once dur-

ing the observation period: donepezil (1486XXXXX), rivastig-
mine (2245XXXXX), galantamin (3852XXXXX), and memantine 
(1900XXXXX). The control group was defined as patients who 
were not diagnosed with any of the dementia codes and did not 
receive the aforementioned dementia medications. The dementia 
and control groups were matched by age and sex at a ratio of 1:5. 
Additionally, insurance classification codes were adjusted. Cur-
rent study was reviewed and approved by the Institutional Re-
view Board of the Korea University Anam Hospital (IRB no. ED 
15238), with a waiver of documentation of informed consent.

Clinical information
The following three main categories of clinical information 

were included in our study: benzodiazepines prescribed, medical 
disorders, and psychiatric disorders. Benzodiazepines included 
lorazepam, alprazolam, triazolam, diazepam, bromazepam, clon-
azepam, chlordiazepoxide, and etizolam. Major medical disor-
ders included malignancy, heart diseases, cerebrovascular dis-
ease, pneumonia, diabetes, chronic lower respiratory disorders, 
liver diseases, and hypertension. Psychiatric disorders included 
schizophrenia spectrum disorders, major depressive disorder, bi-
polar disorder, anxiety disorder, substance use disorder, insomnia 
disorder, and other mental disorders.

Statistical analysis
The primary outcome was the risk of dementia associated with 

various types of benzodiazepines. All patients who were pre-
scribed benzodiazepines more than once during the observation-
al period were included in the analysis. To identify potential con-
founding variables, the association between major medical and 
psychiatric disorders and dementia was explored using a univari-
ate logistic regression. A variable with p-value <0.1 was considered 
a potential confounding variable and corrected in the main analy-
sis. Univariate and multivariate logistic regression analyses were 
performed to determine the association between each type of ben-
zodiazepine and dementia. We calculated the 95% confidence in-
terval (CI) using statistical significance of p-value <0.05. Data were 
analyzed using SPSS (ver. 26.0; IBM Corp., Armonk, NY, USA).

RESULTS

A total of 68,241 patients were identified with a diagnosis of 
dementia and were prescribed anti-dementia drugs more than 
once. Additionally, 341,205 control patients were matched for age 
and sex. The mean age and standard deviation of the participants 
was 75.0 (±8.1) years. The characteristics of the patient and con-
trol groups are outlined in Table 1.

Using univariate logistic regression, we investigated potential 
confounders among major medical and psychiatric disorders for 
an association between benzodiazepines and dementia. Univari-
ate analysis revealed a statistically significant association between 
all major medical disorders and dementia. In addition, all psy-
chiatric disorders also had significant association with incidence 
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of dementia (Table 2).
For a more reliable evaluation of the association between de-

mentia and each benzodiazepine, we adjusted for potential con-
founding medical and psychiatric factors based on the results of 
each regression analysis mentioned above. A p-value <0.1 was 
considered a potential confounding factor and adjustments were 
made in the main analysis. Finally, using multivariate logistic re-
gression, the OR for each benzodiazepine was calculated (Table 3). 
Clonazepam had the highest OR for dementia (OR=2.86, 95% 
CI=2.77–2.95) followed by diazepam (OR=2.60, 95% CI=2.53–
2.66), lorazepam (OR=1.34, 95% CI=1.30–1.37), and triazolam 
(OR=1.26, 95% CI=1.21–1.32). The OR for bromazepam was 
0.96 (95% CI=0.86–1.06), while those for short-acting benzodi-
azepines, such as etizolam and alprazolam, were 0.95 (95% CI= 
0.91–0.99) and 0.93 (95% CI=0.90–0.96), respectively. Chlordi-
azepoxide was not found to have a statistically significant associ-
ation with the incidence of dementia.

DISCUSSION

In this study, we evaluated the association between benzodiaz-
epines and the risk of dementia in the South Korean population. 
The database used in this study was based on nationwide health-
care services in South Korea. We defined patients who were 1) di-
agnosed with a dementia diagnostic code and 2) prescribed an-
ti-dementia medications more than once as the dementia group. 
Our results suggest that relatively long-acting benzodiazepines, 
such as clonazepam and diazepam are associated with the inci-
dence of dementia. The findings of this study are consistent with 
those of previous studies that examined the relationship between 
benzodiazepines and dementia [18,19,28]. A case-control study 
that used health insurance data in Taiwan found an increased risk 
of dementia in patients who received long-term benzodiazepines 
(>6 months) [8].

Although the current study did not directly investigate the tem-
poral relationship or causality between benzodiazepines and de-
mentia risk using a cohort study design, our findings support the 
hypothesis that benzodiazepines, especially the long-acting and 
intermediate-acting benzodiazepines, are associated with the in-
cidence of dementia. Additionally, our study specifically high-
lighted the benzodiazepines with strong associations with demen-
tia using OR. Consequently, we identified that relatively longer-
acting benzodiazepines are strongly associated with dementia. 
Since the etiology of dementia is heterogeneous, the biological 
mechanisms related to dementia and benzodiazepines remain 
unclear, which is a scope for future studies to investigate.

Certain points should be considered when interpreting the re-
sults of this study. It is important to determine the purpose of 
benzodiazepines in Korea. Since some benzodiazepines, such as 
triazolam, are approved for treating short-term insomnia [7], we 
have to consider whether the patients who were prescribed these 
benzodiazepines have only insomnia or have insomnia as part of 
a neurodegenerative process. Furthermore, compared to other 
benzodiazepines with significant associations in this study, the 
results of triazolam—which is used for insomnia but known to 
have serious dependence problems—are clinically noteworthy.

Table 1. Characteristics of the patients in the dementia group and 
matched control group

Dementia group Control group
N 68,241 341,205
Sex

Male, n (%) 25,160 (36.9) 125,800 (36.9)
Female, n (%) 43,081 (63.1) 215,333 (63.1)

Age (yr), mean±SD 75.0±8.1 75.0±8.1
SD, standard deviation

Table 2. Univariate logistic regression analysis of dementia with 
major medical and psychiatric disorders for evaluating potential 
confounding factors

Variable
Univariate

OR (95% CI) p-value
Major medical disorders

Malignancy 1.12 (1.08–1.16) <0.0001
Heart disease 0.78 (0.76–0.80) <0.0001
Cerebrovascular disorder 0.96 (0.94–0.98) <0.0001
Pneumonia 0.55 (0.54–0.57) <0.0001
Diabetes 0.96 (0.93–0.98) 0.0003
Chronic lower respiratory disorder 0.77 (0.76–0.79) <0.0001
Liver disease 0.93 (0.91–0.96) <0.0001
Hypertension 1.05 (1.02–1.07) 0.0001

Psychiatric disorder
Schizophrenic spectrum disorders 0.22 (0.22–0.23) <0.0001
Major depressive disorder 0.71 (0.69–0.72) <0.0001
Bipolar disorder 0.25 (0.24–0.26) <0.0001
Anxiety disorder 0.70 (0.69–0.72) <0.0001
Substance use disorder 0.90 (0.84–0.96) 0.0007
Insomnia 0.89 (0.88–0.91) <0.0001
Other mental disorders 2.06 (2.01–2.11) <0.0001

OR, odds ratio; CI, confidence interval

Table 3. Univariate and multivariate logistic regression analysis of 
the association of benzodiazepines with dementia

Variables
Univariate Multivariate

OR (95% CI) p-value aOR (95% CI)
Benzodiazepines

Lorazepam 0.53 (0.51–0.54) <0.0001 1.34 (1.30–1.37)
Alprazolam 0.83 (0.81–0.84) <0.0001 0.93 (0.90–0.96)
Triazolam 0.59 (0.57–0.62) <0.0001 1.26 (1.21–1.32)
Diazepam 0.38 (0.37–0.39) <0.0001 2.59 (2.53–2.66)
Bromazepam 0.69 (0.63–0.75) <0.0001 0.96 (0.86–1.06)
Clonazepam 0.28 (0.27–0.29) <0.0001 2.86 (2.77–2.95)
Chlordiazepoxide 0.95 (0.74–1.20) 0.6477 -
Etizolam 0.82 (0.79–0.86) <0.0001 0.95 (0.91–0.99)

OR, odds ratio; aOR, adjusted OR; CI, confidence interval
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Unlike triazolam, other significantly different, relatively long-
acting benzodiazepines are prescribed for various purposes in 
clinical practice. For example, clonazepam is frequently used in 
REM sleep behavior disorder, which is often found in Lewy 
body dementia [29]. Diazepam is also used for anxiety, which can 
be confused as psychomotor agitation in behavioral and psycho-
logical symptoms of dementia in clinical settings [30,31]. Therefore, 
when interpreting our results, caution is needed to determine 
whether these benzodiazepines are prescribed before dementia 
or as part of treatment for symptoms of dementia. Furthermore, 
since we could not screen whether individuals who were pre-
scribed benzodiazepines were already prone to neurodegenera-
tion, further investigations are warranted.

Our study has some limitations. First, the current study was a 
case-control study, which limits drawing any conclusions about 
the temporal or causal relationship between benzodiazepines and 
dementia. This was a limitation of the data available; therefore, 
this aspect should be improved in the future. Second, while col-
lecting the dementia diagnoses, there is a potential risk for mis-
classification. To solve this issue, in this study, the group that re-
ceived not only a diagnosis of dementia but also a prescription for 
dementia medications was defined as the dementia group. Third, 
lifestyle and family history factors that may be closely related to 
the onset of dementia were not included in the analysis. Con-
founding factors, such as alcohol consumption or family history 
of dementia can also result in dementia.

In conclusion, this retrospective case-control study suggests 
that benzodiazepines are associated with the incidence of de-
mentia. Individuals who are prescribed benzodiazepines should 
be cautious about the risk of memory impairment and dementia. 
Patients who are prescribed benzodiazepines, especially elderly 
patients, should be closely evaluated and followed up for any mem-
ory concerns and the onset of dementia in clinical practice. Fu-
ture studies are needed to confirm our findings by investigating 
the causality of benzodiazepines and the development of demen-
tia as well as elucidate the possible biological mechanisms that 
underly the effects of long-term benzodiazepines on memory and 
dementia.
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