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Abstract

Background: Sleep medications may contribute to dementia development or indicate sleep disturbances that are markers of or contributors to 
neurologic disease. The objective of this study was to examine the use of sleep medications and incident dementia in a community-based cohort 
of older adults. We hypothesize late-life sleep medication use is associated with a greater risk of dementia.
Methods: The Atherosclerosis Risk in Communities (ARIC) study is an ongoing community-based cohort study. ARIC participants taking 
barbiturates, benzodiazepines, antidepressants, non-benzodiazepine receptor agonists (Z-drugs), or other hypnotics in 2011–2013 were 
categorized as sleep medication users. Participants were followed through 2019 for incident dementia. Logistic regression propensity 
scores were used to match sleep medication users with nonusers (1:2). Cox proportional hazards regression models were used to estimate 
hazard ratios (HR) for time to dementia diagnosis with adjustment for demographics, lifestyle characteristics, and cardiovascular risk 
factors.
Results: One-quarter of the eligible ARIC participants used sleep medications. In the matched sample (N = 4 197; 69% female; mean 
age 75.3 + 5.0 years), 632 dementia cases were ascertained over a median follow-up of 6.5 years. In the fully adjusted model, sleep 
medication use compared to nonuse was associated with a 48% greater risk of dementia (HR: 1.48; 95% confidence interval (CI): 
1.26–1.74).
Conclusion: To expand on these findings, studies with longer follow-up and earlier assessment of sleep medication use are needed. Furthermore 
investigation of the potential dose-response association of multiple sleep medications and the potential causal role of sleep medications in the 
development of dementia may be clinically meaningful.
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Background

The prevalence of dementia, estimated to reach 13.8 million by 
2060, places a large burden on the aging population, their fam-
ilies, and the economy in the United States (US) (1,2). For adults 
aged 65 and older, the lifetime risk of Alzheimer’s dementia is 
over 20% for women and 10% for men (3). Poor sleep has been 
linked to dementia risk (4,5), although findings are inconsistent 
(6). To date, evidence suggests sleep disturbances are a risk factor 
for dementia, a symptom in the long natural history of dementia, 
or potentially both.

Approximately 50% of older adults report regularly experien-
cing sleep problems including poor sleep quality, insomnia (difficulty 
initiating and/or maintaining sleep), and frequently disrupted sleep 
(7–9). Patients with dementia commonly report sleep disturbances 
and insomnia (10,11). Many older adults seek treatment for their 
sleep problems, including pharmacological options. Sleep quality 
and quantity typically decline throughout the life-course (12), and 
concurrently sleep medication use increases in late-life (13). An es-
timated 9% of U.S. adults aged 65 and older are taking sedative/
hypnotic drugs to treat poor sleep (14).

There are several classes of medications, with varying indi-
cations, used to treat sleep disorders and sleep disturbances (15). 
Medications approved by the U.S. Food and Drug Administration 
for the treatment of sleep disorders and sleep disturbances include 
GABAA receptor hypnotics that are either benzodiazepines (BZDs) 
or non-benzodiazepine sedatives (Z-drugs), orexin receptor antag-
onists, melatonin receptor agonists, and antidepressants. Of these, 
research has focused on the potential harmful effects of BZDs and 
hypnotics (not including antidepressants or off-label drugs), linking 
their use to a higher risk of cancer, incident stroke, and mortality 
(16,17).

Recently, sleep medication use has been examined in relation to 
dementia development. In a 2018 meta-analysis, BZDs users were 
at a 1.38 greater odds of developing dementia (1.07–1.77) com-
pared to nonusers (18). However, this analysis was limited by vari-
ation across studies in exposure classification (ever use of BZDs 
vs nonusers), dementia classification (Diagnostic and Statistical 
Manual of Mental Disorders vs International Classification of 
Diseases), and the assessment of relevant confounders (18). Other 
cohort studies have found no evidence of an association between 
BZDs, Z-drugs, and incident dementia (19). The existing literature 
focuses largely on BZDs, and questions remain about the potential 
risks associated with sleep medication use overall and the possi-
bility of confounding due to reverse causality given the long natural 
history of dementia (18,20–23). Better clarifying this association is 
important as sleep medication use may independently contribute 
to neurologic disease, or could be an indicator of sleep disturb-
ances that are markers of and/or contributors to risk of neurologic 
degeneration.

With thoroughly-collected medication data and expert dementia 
adjudication, the Atherosclerosis Risk in Communities (ARIC) study 
cohort provides a unique opportunity to examine late-life sleep 
medication use and associations with incident dementia in a biracial 
community-based sample of older adults. In this study, we examine 
if late-life sleep medication use (assessed in 2011–2013) was asso-
ciated with incident dementia over ~7 years of follow-up. Based on 
documented differences in prevalence of dementia and sleep medica-
tion use by sex and age, we examined if associations varied across 
participant subgroups. We hypothesized that late-life sleep medica-
tion use would be associated with greater dementia risk and that this 
association would not vary by participant sex and age.

Method

Study Design
Between 1987 and 1989, 15 792 adults (45–64 years) in 4 U.S. com-
munities (Washington County, MD; Forsyth County, NC; Jackson, 
MS; and Minneapolis, MN) were enrolled in the ARIC study. Since 
baseline, up to 7 follow-up clinic visits have occurred. Participants 
are also contacted by phone (annually before 2012; semiannually 
since), with continuous surveillance for hospitalizations.

The initial analytic sample included 6 538 participants who at-
tended ARIC Visit 5 (2011–2013). Participants were excluded if they 
were missing information on covariates (n = 327) or did not attend 
subsequent visits after Visit 5 (n = 373). Due to limited sample size, 
we excluded participants of race other than Black or White, and 
Black participants in Minnesota and Washington County cohorts 
(n = 42). Additionally, we excluded participants with baseline preva-
lent dementia (n = 357). From the initial Visit 5 sample, 5 439 par-
ticipants were eligible for matching (see Statistical Analysis section). 
After matching, 4  197 (77.2%) participants were included in the 
final analytic sample (Supplementary Figure 1).

Participating center Institutional Review Boards approved study 
protocols and all participants provided written informed consent to 
participate in the study.

Sleep Medication Use
The primary exposure for this analysis was any sleep medica-
tion use at ARIC Visit 5.  At each ARIC visit, participants were 
asked to bring all medications they had taken in the past 2 weeks. 
Medications were verified and recorded by ARIC staff. Based on 
the literature (15,16,18), the following medication classes were in-
cluded in the composite sleep medication variable (Supplementary 
Table 1): Barbiturates, BZD derivatives (eg, Triazolam, Estazolam, 
Flurazepam, and Quazepam), antidepressants (eg, Doxepin and 
Trazodone; categorized as selective serotonin reuptake inhibitors 
[SSRIs] and non-SSRIs), other hypnotics, and non-benzodiazepine 
sedatives (Z-drugs). Participants taken any of these medications at 
baseline were categorized as sleep medication users.

Outcome Ascertainment
Participants were followed for incident dementia from their Visit 5 
(2011–2013) exam through November 15, 2019. ARIC dementia 
classification has been detailed previously (24). Briefly, dementia 
was ascertained in 3 ways: (a) For participants attending in-person 
follow-up exams, dementia was adjudicated by an expert panel of 
neurologists and neuropsychologists based on cognitive decline de-
termined from prior cognitive assessments, neuropsychological test 
battery at Visit 5, and informant interviews; (b) all participants were 
called semiannually, and the Six Item Screener (SIS) was administered 
(25), followed by an AD8 informant interview (26) when the SIS in-
dicated potential cognitive impairment; and (c) additional dementia 
cases were identified from international classification of diseases 
(ICD-9) hospital discharge or death certificate diagnostic codes.

The panel’s determination of participant cognitive status at Visit 
5 was categorized as normal, mild cognitive impairment (MCI), or 
dementia.

Covariates
Relevant covariates were obtained from ARIC Visit 5 questionnaires 
and physiologic assessments, except for demographic information 
obtained at Visit 1 and assumed static. Covariates in this ana-
lysis included: age, sex, race, study center, educational attainment, 
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apolipoprotein E (APOE) ε4 genotype, smoking status, alcohol 
consumption, depressive symptoms, body mass index (BMI), sys-
tolic blood pressure, antihypertensive medication use, prevalent dia-
betes, and prevalent coronary heart disease (CHD). Standard with 
ARIC analyses, a 5-level race-study center variable (White partici-
pants from Minneapolis, MN; White participants from Washington 
County, MD; Black participants from Jackson, MS; Black partici-
pants from Forsyth County, NC; White participants from Forsyth 
County, NC) was created and used in analyses.

Interview-administered questionnaires were used to assess 
smoking status, alcohol consumption and presence of depressive 
symptoms. Participants were asked if they currently smoke cigar-
ettes or drink alcohol and categorized as current, former, or never. 
The Center for Epidemiologic Studies Depression (CES-D) is a valid-
ated measure of frequency of depressive symptoms in the past week, 
with higher scores indicating greater depressive symptoms (27). The 
validated CES-D 11-item version was used in ARIC because it is 
believed to be better for older adults and correlates highly with the 
original full CES-D scale (28). The 11-item version responses are 
scored as 0 (<1 day in the past week), 1 (1–2 days in the past week), 
or 2 (3–7 days in the past week) for each question, with the scores 
summed for a total scale score ranging from 0 to 22 (28). Consistent 
with previous ARIC analyses (29), a cutoff score ≥9 was used to 
represent the presence of clinically significant depressive symptoms 
(30). For the full CES-D scale an analogous cutoff has been shown 
to have high sensitivity and specificity (as high as 100% and 88%, 
respectively) for detecting major depression among older adults (31). 
Educational attainment (Visit 1)  was categorized as basic to high 
school graduate or some college or more.

Trained staff collected height, weight, blood pressure, and 
fasting blood measures. APOE ε4 genotyping was performed using 
the TaqMan assay (Applied Biosystems, Foster City, CA) (32). 
Participants with APOE ε4 (≥1 allele vs 0 alleles) were coded as 
1. BMI was calculated as weight (kilogram) divided by height (meter) 
squared. Systolic blood pressure was measured 3 times, and the final 
2 measurements were averaged. Participants taking hypertensive 
medications were coded as 1 for antihypertensive medication use 
(0: no antihypertensive medications). Prevalent diabetes was defined 
as fasting blood glucose concentration ≥126 mg/dL, nonfasting glu-
cose concentration ≥200  mg/dL, self-reported physician-diagnosis, 
or pharmacological treatment for diabetes. Prevalent CHD was 
based on prior cardiovascular revascularization, presence of a pre-
vious myocardial infarction at Visit 1, or incident CHD prior to Visit 
5. Events prior to Visit 1 were self-reported and incident events be-
tween Visit 1 and Visit 5 were adjudicated by ARIC physicians (33).

Propensity Score Matching
Logistic regression propensity score matching was used to match 
each sleep medication user with 2 medication nonusers by age, sex, 
race, and education level. Using the R MatchIT package, age, sex, 
race, and education were included in a regression model to calcu-
late the probability of exposure (sleep medication use). This score 
was used to match sleep medication users with nonusers (1:2) using 
the nearest neighbor matching without replacement. After matching, 
covariate balance was assessed with a standardized mean difference 
<10% indicating acceptable balance.

Statistical Analysis
Follow-up time was defined as time from the participants’ Visit 5 
in-clinic exam date until the occurrence of incident dementia, death, 

loss to follow-up, or November 15, 2019, whichever occurred first. 
We used the Kaplan Meier method to visualize estimated years free 
of incident dementia by late-life sleep medication use and conducted 
log-rank tests to examine differences between sleep medication users 
and nonusers.

Using the matched sample, Cox proportional hazards regression 
was used to estimate hazard ratios (HRs) and 95% confidence inter-
vals (CIs) relating late-life sleep medication use with incident de-
mentia. We performed a series of progressive adjustments. Model 
1 was unadjusted. Model 2 adjusted for age, sex, race-study center, 
education, and APOE ε4. Model 3 (main model) further adjusted 
for smoking status, alcohol consumption, depressive symptoms, and 
BMI. Model 4 added adjustment for prevalent cardiovascular risk 
factors including systolic blood pressure, antihypertensive medica-
tion, prevalent diabetes, and prevalent CHD.

The proportional hazards assumption was confirmed by testing 
interactions between sleep medication use and the natural log of 
follow-up time, and by visual inspection of the survival function 
versus survival time.

In sensitivity analyses, we excluded (n  =  35) participants with 
incident dementia within the first year (365 days) of the follow-up 
period. To explore possible effect modification of the association 
between sleep medication use and dementia by sex, age, education, 
depressive symptoms, or APOE ε4 we included cross-product inter-
action terms (eg, sleep medication use × sex) in Model 3. We present 
stratified results across categories and by median age (75 years). To 
explore if the association differed by baseline cognitive status, we 
stratified the sample by Visit 5 cognitive status (normal cognition 
or MCI). To explore the dose-response nature of the association, we 
categorized sleep medication users by number of medications used at 
baseline (0, 1, or ≥2). To test our matching, we repeated the propen-
sity score matching procedure, matching on all covariates, and ran 
hazard regression models with this sample. Finally, to explore the 
association by sleep medication class, we ran models with the indi-
vidual sleep medication classes (with sufficient sample sizes).

All analyses were performed using R version 3.5.1.

Results

From the initial sample, 5  439 participants were eligible for 
matching. After matching, 4 197 participants were included in the 
final analytic sample. Matched sample characteristics are presented 
in Table 1 by late-life sleep medication use and in Supplementary 
Table 2 compared to the prematched sample. Approximately 69% 
of the matched sample was female and on average 75.3 (standard 
deviation [SD]: 5.0) years old.

Relative to matched nonusers, sleep medication users were more 
likely to be current smokers, less likely to consume alcohol, and 
more likely to have high depressive symptoms. Sleep medication 
users were more likely to use antihypertensive medications and have 
prevalent diabetes and CHD.

Over a median follow-up of 6.5 years (Interquartile range: 1.28) 
632 incident dementia cases were identified. Figure 1 displays the 
estimated probability of years free of incident dementia by late-life 
sleep medication use. The risk of dementia significantly differed be-
tween sleep medication users versus nonusers (p < .001).

Table 2 presents the Cox proportional hazard regression ana-
lysis results. In the unadjusted model, late-life sleep medication use 
was associated with a 53% higher risk of dementia (HR: 1.53; 95% 
CI: 1.31, 1.79) compared to nonuse. After adjustment for demo-
graphics and genetics (Model 2), sleep medication users were at a 
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59% greater risk of dementia (HR: 1.59; 95% CI: 1.36, 1.86) than 
nonusers. After further adjustment for lifestyle characteristics and 
depressive symptoms (Model 3), this association persisted (HR: 
1.50; 95% CI: 1.27, 1.76). The association between sleep medication 
use and incident dementia further persisted after additional adjust-
ment for prevalent cardiovascular risk factors (Model 4), including 
systolic blood pressure, antihypertensive medication use, prevalent 

diabetes, and prevalent CHD (HR: 1.48; 95% CI: 1.26, 1.74). When 
individuals with incident dementia within 1 year of baseline were 
excluded (n = 35), results remained mostly unchanged (eg, Model 3 
HR: 1.45; 95% CI: 1.23, 1.71; Supplementary Table 3).

When sleep medication users were stratified by number of 
medications used, there was some evidence of dose-response, 
whereby the risk of dementia was even greater for participants 
taking 2 or more medications as compared to nonusers (Figure 2;  
HRsleep medication use vs nonuse: 1.68; 95% CI: 1.27, 2.21) and dir-
ectly compared to those taking 1 medication, (data not shown:  
HR+2 sleep medications vs 1 sleep medication: 1.24; 95% CI: 0.93, 1.65) though this 
difference was not statistically significant.

While interaction terms were not statistically significant, the 
association between sleep medication use and incident dementia 
appeared to differ somewhat by sex, age, depressive symptoms, 
and education in stratified analyses (Figure 2). The sleep medica-
tion use and dementia association appeared to be stronger among 
males (HRsleep medication use vs nonuse: 1.87; 95% CI: 1.40, 2.51) com-
pared to females (HRsleep medication use vs nonuse: 1.35; 95% CI: 1.12, 
1.64) and among younger participants (HRsleep medication use vs nonuse: 
2.11; 95% CI: 1.53, 2.91) as compared to older participants  
(HRsleep medication use vs nonuse: 1.35; 95% CI: 1.12, 1.62). Additionally, the 
association was more pronounced for participants with a basic to 
high school education (HRsleep medication use vs nonuse: 1.58; 95% CI: 1.30, 
1.93) as compared to participants with some college education 
(HRsleep medication use vs nonuse: 1.28; 95% CI: 0.96, 1.70). The association did 
not differ markedly by baseline cognitive status (normal cognition:  
HRsleep medication use vs nonuse: 1.37; 95% CI: 1.10, 1.72; vs MCI:  
HRsleep medication use vs nonuse: 1.56; 95% CI: 1.23, 1.96).

Figure 1. Estimated probability of years free of incident dementia by late-life 
sleep medication use in the Atherosclerosis Risk in Communities (ARIC) study. 
Adjusted for age, sex, race-center, education, APOE ε4, smoking status, alcohol 
consumption, depressive symptoms, and BMI. BMI = body mass index.

Table 1. Matched Sample Participant Characteristics by Late-life Sleep Medication Use, ARIC Study 2011–2013 (N = 4 197)*

 Matched Nonusers (n = 2 798) Sleep Medication Users (n = 1 399) Standardized Mean Difference 

Demographics and genetics    
 Age, years 75.3 ± 5.0 75.2 ± 5.0 0.006
 Age ≥75 years, n (%) 1 403 (50.1) 693 (49.5)  
 Female sex, n (%) 1 972 (70.5) 990 (70.8) 0.006
 White, n (%) 2 325 (83.1) 1 190 (85.1) 0.05
 Education, n (%)   0.002
  Basic to high school graduate 1 579 (56.4) 811 (58.0)  
  Some college or more 1 219 (43.6) 588 (42.0)  
 APOE ε4, n (%) 734 (26.2) 349 (24.9)  
Lifestyle + health status characteristics    
 Current smoker, n (%) 160 (5.7) 99 (7.1)  
 Current alcohol consumption, n (%) 1 432 (51.2) 670 (47.9)  
 High depressive symptoms (CES-D ≥ 9), n (%) 131 (4.7) 157 (11.2)  
 BMI, kg/m2 28.6 ± 5.7 28.9 ± 5.9  
Cardiovascular risk factors  
 Systolic blood pressure, mmHg 130 ± 18.1 129 ± 18.0  
 Antihypertensive medication use, n (%) 1 990 (71.1) 1 084 (77.5)  
 Prevalent diabetes, n (%) 715 (25.6) 415 (29.7)  
 Prevalent CHD, n (%) 370 (13.2) 230 (16.4)  
Sleep medications
 Barbiturates, n (%)  17 (1.2)  
 Benzodiazepine derivatives, n (%)  448 (32.0)  
 Non-SSRI antidepressants, n (%)  367 (26.2)  
 SSRI antidepressants, n (%)  505 (36.1)  
 Hypnotics, n (%)  242 (17.3)  
 Z-drugs, n (%)  149 (10.7)  

Note: ARIC = Atherosclerosis Risk in Communities; BMI = body mass index; CES-D = Center for Epidemiologic Study Depression Scale; CHD = coronary heart 
disease; SD = standard deviation; SSRI = selective serotonin reuptake inhibitor.

*Data presented as mean ± SD unless otherwise specified.
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Importantly, the association appeared to be stronger among 
participants with low depressive symptoms (HRsleep medication use vs nonuse: 
1.51; 95% CI: 1.27, 1.79) as compared to participants categorized 
as having higher depressive symptoms (HRsleep medication use vs nonuse: 1.24; 
95% CI: 0.78, 1.97) and the association only differed minimally 
by APOE ε4 status (no APOE: HRsleep medication use vs nonuse: 1.47; 95% 
CI: 1.20, 1.81; vs APOE ε4: HRsleep medication use vs nonuse: 1.53; 95% CI: 
1.15, 2.03).

In models exploring sleep medication class, BZDs, non-SSRI, 
and SSRI antidepressants were associated with incident de-
mentia in the crude models, but only the association for non-SSRI 
and SSRI antidepressants remained after adjustment (model 3:  
HRnon-SSRI antidepressant users vs no sleep mediation use: 1.45; 95% CI: 1.13, 1.86;  

HRSSRI antidepressant users vs no sleep mediation use: 1.85; 95% CI: 1.51, 2.26; Table 3). 
When sleep medication users were matched with nonusers on all 
covariates, results remained consistent (Supplementary Table 4).

Discussion

Dementia and sleep medication use are both highly prevalent among 
U.S. older adults (14,34). Previous studies have focused on specific 
classes of sleep medications, including BZDs and Z-drugs, and risk 
of dementia (18,20–23). However, older adults are using more than 
just BZDs and Z-drugs to treat their sleep disorders or sleep disturb-
ances, and many adults are using more than 1 type of medication 
for different indications (13,15). For this study, we examined sleep 

Table 2. Late-life Sleep Medication Use and Incident Dementia: ARIC Study (N = 4 197)*

 Matched Nonusers (n = 2 798) Sleep Medication Users (n = 1 399) 

Incident dementia, n 367 265
Cumulative incidence 13.1% 18.9%
Incidence rate, per 100 person-years 2.11 3.17

Model† Hazard ratio (95% confidence intervals)

Model 1 (reference) 1.53 (1.31, 1.79)
Model 2 (reference) 1.59 (1.36, 1.86)
Model 3 (reference) 1.50 (1.27, 1.76)
Model 4 (reference) 1.48 (1.26, 1.74)

Note: Bold text represents statistically significant results. ARIC = Atherosclerosis Risk in Communities; BMI = body mass index; CHD = coronary heart disease.
*Matched sample 2:1.
†Model adjustments―Model 1: crude unadjusted; Model 2: adjusted for age, sex, race-center, education, and APOE ε4; Model 3: Model 2 + adjustment for 

smoking status, alcohol consumption, depressive symptoms, and BMI; Model 4: Model 3 + adjustment for systolic blood pressure, antihypertensive medications, 
prevalent diabetes, and prevalent CHD.

Figure 2. Adjusted hazard ratios (95% confidence intervals) of incident dementia among late-life sleep medication users, stratified by subgroups, ARIC study 
(N = 4 197). Sex (n): male (1 235), female (2 962); Age (n): <75 years (2 101), +75 years (2 096); Education: basic to high school (2 390), some college (1 807); 
Medication count (n): 1 sleep medication (1 107), +2 sleep medications (292); Baseline cognitive status (n): normal cognitive status (3 317), mild cognitive 
impairment (877); Depressive symptoms (n): CES-D < 9 (3 909), CES-D ≥ 9 (288); APOE ε4 (n): no APOE ε4 (2 940), APOE ε4 (1 083); Interaction p values: sex: 
p = .16, age: p = .20; Education (basic): p = .09, education (some college): p = .76; Baseline cognitive status: p = .56; Depressive symptoms p = .74; APOE ε4 p = .84. 
Models adjusted for the following except for the variable stratified on (besides variable stratified on): age, sex, race-center, education, APOE ε4, smoking status, 
alcohol consumption, depressive symptoms, and BMI. ARIC = Atherosclerosis Risk in Communities; BMI = body mass index; CES-D = Center for Epidemiologic 
Studies Depression.
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medication use more broadly in a community-based cohort of older 
adults. In our eligible sample, 27.5% of participants were taking 
any medication that may be prescribed to treat disordered or dis-
turbed sleep. In our matched sample, late-life sleep medication users 
were consistently at a higher risk for dementia than nonusers. If sleep 
medications are associated with an even moderate increase in de-
mentia risk, more awareness to the increasing prevalence of sleep 
medication use among U.S. older adults is warranted.

Late-life Sleep Medication Use and Dementia
In this study, we aimed to examine the use of any medications com-
monly prescribed to treat insomnia, disordered sleep, or sleep disturb-
ances. Among over 4 000 matched sleep medication users and nonusers 
we found a consistent association of late-life sleep medication use with 
incident dementia over 6.5 years of follow-up. Our results are con-
sistent with results reported in a longitudinal study among a nationally 
representative sample of older adults by Robbins et al. in which rou-
tine self-reported sleep medication use was associated with incident 
dementia (HR: 1.30; 95% CI: 1.10, 1.53) (35). Our results build on 
this evidence, with a broader operationalization of sleep medication 
use in a cohort of older adults with rigorous dementia ascertainment.

The observed associations are consistent in both direction and 
magnitude with a number of meta-analyses and systematic reviews 
that found an association between BZD and Z-drug use and incident 
dementia (18,22,23,36). Given the potential harmful effects of BZDs, 
several major medical and psychiatric organizations, including the 
American Geriatrics Society (37), advised against the prescription 
of BZDs, hypnotics, and Z-drugs for treatment of sleep disorders in 
older adults (38). Despite these recommendations, the prescription of 
BZDs continues, as does the prescription of other pharmacological 

sleep aids (37). In a 2020 review of BZD risks by Ettcheto et al., the 
authors suggest that as an alternate to BZDs, other sleep medica-
tions, such as melatonin agonists and SSRI antidepressants should 
be considered (23). When we explored medication class in sensitivity 
analyses, however, the association between sleep medication use and 
dementia appeared to be driven in part by the use of non-SSRI and 
SSRI antidepressants. While these results can be interpreted to sug-
gest the association may be driven by the use of antidepressants for 
depression, the results of our analysis stratified by high depressive 
symptoms revealed the association appeared somewhat stronger 
among participants with low depressive symptoms. These findings 
on antidepressants are hypothesis-generating and warrant further 
investigation in studies with information on medication indication.

The association observed between late-life sleep medication use 
and dementia was particularly stronger in males, younger participants 
(<75 years), those with less years of education, those with low depressive 
symptoms, and those taking more than 1 class of sleep medication. This 
last result is consistent with findings by Tseng et al. in a cohort of older 
adults in the Taiwan National Health Insurance Research Database 
(20). Tseng et al. found participants taking two or more classes of BZDs 
or hypnotics were at a threefold greater odds (Odds Ratios: 2.82–3.28) 
for dementia compared to those using only 1 class of drug (20). Taken 
together with these results, our exploratory findings suggest more atten-
tion may be needed to the prescription and unintentional chronic use 
of multiple medications, with potentially varying indications, as these 
individuals may be at elevated dementia risk.

Controversy on Causality
The association between BZDs and other sedative/hypnotics and in-
cident dementia has been controversial. This controversy is centered 

Table 3. Late-life Sleep Medication Use and Incident Dementia, by Sleep Medication Type (N = 4 197)*

 Matched Nonusers (n = 2 798) Sleep Medication Users (n = 1 399) 

Benzodiazepine derivatives (BZDs)  
n (%) 0 (0) 448 (32.0)
 Hazard ratio (95% confidence intervals)   
  Crude model (reference) 1.34 (1.06, 1.68)
  Adjusted model† (reference) 1.17 (0.93, 1.48)
Non-SSRI antidepressants   
n (%) 0 (0) 367 (26.2)
 Hazard ratio (95% confidence intervals)  
  Crude model (reference) 1.39 (1.09, 1.78)
  Adjusted model† (reference) 1.45 (1.13, 1.86)
SSRI antidepressants
n (%) 0 (0) 505 (36.1)
 Hazard ratio (95% confidence intervals)  
  Crude model (reference) 1.83 (1.50, 2.24)
  Adjusted model† (reference) 1.85 (1.51, 2.26)
Hypnotics   
n (%) 0 (0) 242 (17.3)
 Hazard ratio (95% confidence intervals)  
  Crude model (reference) 1.08 (0.78, 1.50)
  Adjusted model† (reference) 1.06 (0.77, 1.47)
Z-drugs   
n (%) 0 (0) 149 (10.7)
 Hazard ratio (95% confidence intervals)  
  Crude model (reference) 0.94 (0.61, 1.46)
  Adjusted model† (reference) 1.18 (0.76, 1.83)

Note: Bold text represents statistically significant results. BMI = body mass index; SSRI = selective serotonin reuptake inhibitor.
*Matched sample 2:1.
†Adjusted model: adjusted for age, sex, race-center, education, APOE ε4, smoking status, alcohol consumption, depressive symptoms, and BMI.
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on the limited causal evidence linking the pharmacological agents to 
dementia development and the likelihood that sleep disorders, anx-
iety, and depression may all be symptoms co-occurring in the pro-
longed early stages of dementia, and therefore not causally associated 
with dementia (21,22). To address reverse causality, Penninkilampi 
et al. conducted a meta-analysis of observational studies accounting 
for study lag time, and among studies with a lag time ≥ 5 years re-
ported a pooled HR of 1.30 for BZD use and risk of dementia (22). 
The authors concluded their meta-analysis provides convincing evi-
dence that BZD use is associated with an increased risk of dementia, 
and the association is not due to protopathic bias (22). Given the 
prolonged period of pathophysiological changes prior to dementia 
onset (39), a lag time of 5 years, particularly in older adults, may 
not be adequate to rule out reverse causality. In restricted analyses, 
excluding participants with dementia within 1  year of baseline, 
our results remained unchanged. While our results do not provide 
evidence of a causal association, our findings suggest older adults 
taking sleep medications may need closer monitoring for incident 
cognitive impairment.

Sleep Medication Use and Participant 
Characteristics
In our sample, sleep medication users were more likely to have a 
number of comorbid conditions (eg, high depressive symptoms, 
diabetes mellitus, hypertension, and CHD). The higher prevalence 
of sleep medication use among individuals with poorer health sug-
gests that sleep medication use may be an indicator of individuals 
struggling with sleep disturbances and a sequela of co-occurring 
chronic conditions, all of which may individually or collectively 
contribute to dementia risk. Of these conditions, sleep medication 
users were more likely to have high depressive symptom scores than 
nonusers. Depression is a possible risk factor for dementia and has 
bidirectional associations with sleep disturbances (40), therefore it 
is a likely confounder of the sleep medication and dementia associ-
ation. Furthermore, antidepressants (eg, Doxepin, Trazodone, and 
Amitriptyline) are commonly prescribed to treat depressive symp-
toms and insomnia or poor sleep simultaneously. In our analyses, 
we attempted to disentangle to the role of depression as a poten-
tial confounder. In the preliminary analysis, the association between 
sleep medication and dementia persisted even after adjustment for 
high depressive symptoms. Furthermore, in stratified analyses, the 
association appeared to be stronger among those with low depres-
sive symptoms compared to those with high depressive symptoms. 
We are not able to rule out residual confounding; however, our re-
sults suggest the association of sleep medication use and dementia is 
independent of depression. More research is needed to disentangle 
the relationship between depression, sleep medication use, and de-
mentia in older adults.

Strengths and Limitations
This study has many strengths. For ARIC, participants brought 
medication bottles to study visits and trained staff recorded infor-
mation directly from the medication bottles. Additionally, the study 
included expert adjudication of dementia cases by neurologists and 
neuropsychologists. We used propensity score matching and lag 
time analysis methods to address confounding and reverse causality. 
However, the study is not without limitations. While medication 
data were thoroughly collected, we are not able to discern medica-
tion indications (sleep disturbances vs another indication) and there-
fore indication bias may be possible. Additionally, we are not able to 

assess medication adherence over time. Furthermore, not all partici-
pants with sleep disturbances are taking sleep medications and are 
not captured in this analysis, nor are those with sleep disorders who 
do not receive pharmacological treatments (obstructive sleep apnea). 
We do not have a measure of sleep quality and are unable to adjust 
for sleep disturbances in our analyses. Finally, given the observa-
tional nature of this study, causal inference is limited.

Conclusion

Late-life sleep disturbances may be a risk factor for dementia, or 
they may also be a symptom in the natural history of dementia. 
Untangling the complex association between sleep medication use 
and incident dementia requires further investigation. However, given 
our consistent findings of an association between late-life sleep medi-
cation use and incident dementia, our study suggests greater aware-
ness should be paid to the increasing prevalence of sleep medication 
use among older adults and the possible harmful consequences.

Supplementary Material

Supplementary data are available at The Journals of Gerontology, 
Series A: Biological Sciences and Medical Sciences online.
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