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Abstract.
Background: Recent studies reveal an association between slow-wave sleep (SWS), amyloid-␤ aggregation, and cognition.
Objective: This retrospective study examines whether long-term use of trazodone, an SWS enhancer, is associated with
delayed cognitive decline.
Methods: We identified 25 regular trazodone users (mean age 75.4 ± 7.5; 9 women, 16 men) who carried a diagnosis of
Alzheimer’s dementia, mild cognitive impairment, or normal cognition, and 25 propensity-matched trazodone non-users
(mean age 74.5 ± 8.0; 13 women, 12 men), accounting for age, sex, education, type of sleep deficit (hypersomnia, insomnia,
parasomnia), diagnosis, and baseline Mini-Mental State Examination (MMSE). Longitudinal group differences in cognitive
testing were evaluated through repeated measures tests over an average inter-evaluation interval of four years.
Results: Trazodone non-users had 2.6-fold faster decline MMSE (primary outcome) compared to trazodone users, 0.27
(95% confidence interval [CI]: 0.07–0.48) versus 0.70 (95% CI: 0.50–0.90) points per year (p = 0.023). The observed effects
were especially associated with subjective improvement of sleep complaints in post-hoc analyses (p = 0.0006). Secondary
outcomes of other cognitive and functional scores had variable worsening in non-users and varied in significance when
accounting for co-administered medications and multiple comparisons. Trazodone effects on MMSE remained significant
within participants with AD-predicted pathology, with 2.4-fold faster decline in non-users (p = 0.038).
Conclusions: These results suggest an association between trazodone use and delayed cognitive decline, adding support for a
potentially attractive and cost-effective intervention in dementia. Whether the observed relationship of trazodone to cognitive
function is causal or an indirect marker of other effects, such as treated sleep disruption, and if such effects are mediated
through SWS enhancement requires confirmation through prospective studies.
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INTRODUCTION

METHODS

Sleep disorders increase in frequency with
aging, and their manifestation, even in cognitively
non-impaired individuals, can be a harbinger of subsequent cognitive decline [1]. Sleep changes with
aging include decreased total sleep time and efficiency, increased waking after sleep onset, and
decreased slow wave sleep (SWS) [2]. SWS in
humans, as part of non-rapid eye movement (NREM)
sleep, mediates episodic memory consolidation [3,
4]. Recent studies in transgenic mouse models
of Alzheimer’s disease (AD) reveal that SWS
restriction accelerates activity-dependent amyloid␤ aggregation, whereas SWS enhancement delays
aggregation [5]. Furthermore, patients with AD have
less SWS, and cognitively non-impaired adults with
decreased SWS exhibit increased amyloid-␤ burden and worse sleep-mediated episodic memory
consolidation [6, 7]. Several double-blind randomized placebo-controlled trials for sleep consolidation
in AD have tested the effectiveness of commonly
used hypnotic agents: melatonin, ramelteon, mirtazapine, and trazodone [8, 9]. While melatonin,
ramelteon, or mirtazapine use did not produce significant improvement on sleep measures, trazodone,
previously shown to enhance SWS by 50–56%
on polysomnography in younger and older adults
[10, 11], increased total sleep time by 42.5 minutes on actigraphy in patients with AD [12, 13].
Furthermore, there were no cognitive side effects
or daytime somnolence after a 2-week intervention period, thus diminishing concerns for possible
cholinergic, ␣-adrenergic, or histaminergic antagonistic effects in sleep-promoting doses [12, 13].
Although these studies did not reveal a change
in cognitive performance, improvement or worsening, they were too short in duration to observe
possible SWS-mediated effects on course of neurodegeneration, and did not specifically test overnight
sleep-mediated memory consolidation that may have
been a more sensitive test for sleep-mediated synaptic potentiation [14]. To date, no studies have
assessed long-term effects of trazodone on cognitive
performance.
We thus hypothesized that trazodone, a SWS
enhancer, may correlate with delayed cognitive
decline over prolonged use [15, 16]. To test whether
such an association exists, we retrospectively analyzed longitudinal cognitive decline trajectories
dependent on prolonged use of trazodone in volunteers from our research cohort.

Participant selection
We identified participants from the UCSF Memory
and Aging Center cohort who satisfied the following
criteria: 1) presence of sleep disturbances (insomnia, hypersomnia, or parasomnia) as documented
on the National Alzheimer’s Coordinating Center
assessment form, 2) longitudinal clinical, medication,
and neuropsychological data, 3) and diagnostically
grouped as AD, mild cognitive impairment (MCI),
or cognitively non-impaired (CN) on their first visit
(Fig. 1) [17]. All participants provided informed
consent according to the Declaration of Helsinki.
Presence of insomnia, hypersomnia, or parasomnia
was documented by a physician in an ordinal manner
as absent, mild (i.e., present and not interfering significantly with daily function), or severe (i.e., interfering
significantly with daily function) (Table 1). Since
only two participants had severe sleep symptoms,
sleep variables were binarized as present or absent
at each visit for further analysis. The diagnoses of
AD, amnestic MCI, and non-amnestic MCI were
made using NINCDS-ADRDA criteria for probable
AD, and the MCI criteria developed by Petersen et
al. [18, 19]. Molecular AD biomarkers were available for 14 participants (amyloid PET performed in
eleven and CSF amyloid-␤/tau levels obtained in
five; two participants underwent both tests). From
the eligible pool of volunteers, we identified 25 participants who reported regular trazodone use for at
least two consecutive annual visits. Detailed longitudinal dosage and indication for trazodone use was
available for 16 out of 25 trazodone users, all of
which listed insomnia as the reason for trazodone
use. The median prescribed dosage was 50 mg per
day before bedtime (25th percentile 50 mg; 75th percentile 100-125 mg), consistent with insomnia, rather
than antidepressant, dosing. Trazodone users were
propensity matched to 25 participants who did not
use trazodone, according to age, sex, education, diagnostic group, type, and severity of sleep deficit, and
baseline MMSE (Fig. 1). These measures were similar between trazodone users and non-users, indicating
successful propensity matching (Table 1). Furthermore, the two groups did not differ on longitudinal
subjective change in sleep quality (improvement :
stability : worsening [trazodone users – 10:9:6 versus non-users – 11:4:10]; χ2 = 2.97, p = 0.23), even
though this factor was not included for propensity
matching the two groups. We purposely did not
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Fig. 1. Participant selection. Flow chart on participant selection from the UCSF Memory and Aging Center research volunteer cohort based
on reported sleep disturbances (insomnia, hypersomnia, or parasomnia), diagnostic group, available medication data, and reported trazodone
use. Propensity matching was based on age, sex, education, type of sleep disturbance, diagnostic group, and baseline MMSE.

include a third comparison group of another hypnotic
to evaluate whether observed effects are specific to
trazodone or are class dependent, since available studies have shown that agents commonly recommended
as hypnotics are not effective in prolonging sleep
duration in AD [8, 9], or have significant carry-over
cognitive side effects (e.g., zolpidem) [20, 21]. Hypnotics that have no or minimal cognitive side effects
the following day and prolong SWS, such as sodium
oxybate or orexin receptor antagonists, have not been
tested in AD yet and are not used by participants in

our cohort. This is a limitation in our study that will
be addressed as our cohort includes participants on
hypnotics without known cognitive side effects the
following day.
We further wanted to account for moderation
effects on outcome measures of inter-evaluation
interval secondary to natural disease progression.
For trazodone users, baseline and final evaluations
reflected the first and last visits with reported trazodone use. For trazodone non-users, these time
points were the first and last visits with available
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Table 1
Demographics at baseline visit

Age
mean (SD)
Women : Men
Education in years
mean (SD)
Insomnia

Hypersomnia
Parasomnia
Diagnosis

Baseline MMSE
median (range)

Trazodone
users
(N = 25)

Trazodone
non-users
(N = 25)

pa

75.4
(7.5)
9 : 16
17.3
(4.0)
Absent 13
Mild 10
Severe 2
Absent 20
Mild 5
Absent 22
Mild 3
CN 7
MCI 13
AD 5
29
(20–30)

74.5
(8.0)
13 : 12
17.8
(2.7)
Absent 17
Mild 8
Severe 0
Absent 18
Mild 7
Absent 22
Mild 3
CN 7
MCI 15
AD 3
30
(23–30)

0.69
0.25
0.85
0.28

0.46
0.91
0.73

CVLT Second Edition (CVLT-II) [4, 23].24−26 Furthermore, considering that improved sleep also
allows for improved executive function and working
memory further mediated through prefrontal cortex
engagement, we also tested longitudinal performance on Modified Trail-Making B, Design Fluency,
Calculations, Digit-Span Forward and Backward,
phonemic and semantic Verbal Fluency, and Stroop
Color-Naming and Interference [24]. We finally
wanted to evaluate whether such effects translated to
better disability scores through the Clinical Dementia
Rating Scale Sum of Boxes (CDR-SB) [25]. Values for each of the variables were included as long
as medication data were also available during the
respective research visits. We did not impute data for
our analyses.

0.64

CN, cognitively non-impaired; MCI, mild cognitive impairment;
AD, Alzheimer’s dementia; MMSE, Mini-Mental State Examination. a Pearson χ2 and Mann-Whitney tests for non-parametric
measures, t-test for parametric measures.

medication data. We anticipated that follow-up intervals would not be identical for paired participants
in the two groups to allow for propensity matching of inter-evaluation intervals, and thus planned
our analysis a-priori with inter-evaluation intervals as
a covariate. The interval between baseline and final
visits was indeed different between the two groups
(mean ± SD; trazodone users: 3.1 ± 1.9 years, nonusers: 5.1 ± 2.8 years; p = 0.013) and interval effects
were accounted for in all analyses. Nonetheless, to
address possible non-linear effects of inter-evaluation
interval differences between groups, we selected
shorter follow-up periods for the trazodone nonusers post-hoc, making intervals comparable between
groups, and repeated the analysis.
Data selection on primary and secondary
outcomes
Our a priori defined primary outcome was the
change in MMSE between baseline and final visits. Given increasing evidence on the association
between SWS enhancement and improved sleepmediated and awake episodic memory consolidation
[22], we further pursued secondary outcomes of longitudinal changes in cognitive testing of visual and
verbal episodic memory through 10-minute delayed
recognition of the Benson Complex Figure and the
California Verbal Learning Test (CVLT) and the

Statistical analyses
Comparisons on primary and secondary outcomes
between the two groups followed repeated-measures
analysis of variance while accounting for interevaluation intervals, i.e., the length of time between
baseline and final visits. Cognitive and functional
assessment scores were treated as dependent variables, and trazodone use as a fixed factor. Significance
level was set at 0.05, and one-tailed significance testing was performed given the a priori hypothesis
that trazodone is associated with delayed cognitive
decline. Significance testing on secondary outcomes
and post-hoc analyses accounted for multiple comparisons by applying Bonferroni correction.
Additional analyses tested trazodone effects on
MMSE only in participants who had AD-predicted
pathology based on clinical judgment, and while
accounting for concomitant sedative and stimulant
medication effects. A sedative medication binary
variable represented use of the following: benzodiazepines, non-benzodiazepine hypnotics, narcotics,
atypical antipsychotics, antihistamines, or anticholinergic medications. A stimulant medication
binary variable represented use of the following: cholinesterase inhibitors (ChEi), dopaminergic,
noradrenergic, or serotoninergic antidepressant medications. A final group comparison of trazodone
effects on MMSE accounted specifically for the concomitant use of ChEi, because they represent the
main medication class with an established cognitive benefit in AD. Six participants in each group
used ChEi. Furthermore, to test whether trazodone
use was correlated with ChEi use, a possible confounder for observed trazodone effects, we calculated
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the mean square contingency coefficient (ϕ). Finally,
to assess whether the observed trazodone effects
were mediated through improvement of sleep, we
performed post-hoc exploratory repeated measures
analysis of variance while accounting, first, for
presence or absence of sleep problems (insomnia or hypersomnia) at the baseline visit and,
second, for longitudinal changes in sleep complaints between baseline and follow-up evaluations
accounting for multiple comparisons. Analyses were
performed using the Statistical Package for the Social
Sciences.

RESULTS
Trazodone longitudinal effects on primary and
secondary outcomes are listed in Tables 2 and 3.
Trazodone non-users declined 2.6-fold faster on the
MMSE than trazodone users, at an estimated interevaluation interval for both groups averaging 4.12
years (Fig. 2). Trazodone effects on MMSE remained
significant even when only participants with ADpredicted pathology were included, with non-users
declining 2.4-fold faster than trazodone users across
an average of 3.75 years. These effects varied in
significance when accounting for co-administered
medications, retaining significance when accounting for overall concomitant sedative and stimulant
use, with non-users declining 1.94-fold faster than
trazodone users. Trazodone effects were not significant when accounting only for ChEi use. This
latter finding did not reflect confounding effects
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from correlated administration of trazodone and
ChEi (ϕ = –0.131; p = 0.355). We further performed
additional post-hoc analysis to address a possible
non-linear decline in MMSE associated with the
longer inter-evaluation interval available for trazodone non-users. Still, trazodone non-users declined
2.0-fold faster on the MMSE than trazodone users, at
an estimated inter-evaluation interval averaging 3.59
years, with each group retaining the same annual
rate of decline (0.3 versus 0.7 points per year on
MMSE for trazodone users versus non-users). These
effects of trazodone on MMSE were marginally nonsignificant (p = 0.054, compare to Table 1). When
evaluating, however, for sleep mediating effects of
trazodone to longitudinal MMSE performance, significant effects were observed for both presence of
sleep problems at the baseline visit (p = 0.006) and
changes in sleep from baseline (p = 0.006) (Fig. 3),
the latter being driven by improvement in sleep on
the follow up visit (p = 0.0006) but not for stable
(p = 0.326) or worsening of sleep (p = 0.176) in the
follow up visit.
Secondary outcomes on processing speed, disability scores, and visual recall also worsened faster
in trazodone non-users, though none of the results
were significant after correcting for multiple comparisons. All but three secondary outcomes revealed
a trend that trazodone was beneficial in delaying
cognitive decline. Prior to correcting for multiple
comparisons, most notable were the apparent beneficial effects of trazodone in short-term visual memory,
processing speed, calculations, and phonemic fluency
(Table 3).

Table 2
Trazodone effects on primary outcome (Mini-Mental State Examination)
Participants
included
(users :
non-users)

Interevaluation
interval
(avg. years)a

Mean baseline and
final scores in
users versus nonusers

Average decline in
users versus nonusers (95% CI) in
points/year

Percent (%) of
relative decline in
users compared to
non-users
(95% CI)

Fdf , p

MMSE across
participants
(primary outcome)
MMSE accounting for
sedative and stimulant
use
MMSE accounting for
ChEi use

25 : 25

4.12

F1,47 = 14.23,
p = 0.023

4.12

51.5
(35.7–61.1)

F1,46 = 3.28,
p = 0.038

25 : 25

4.12

61.9
(46.3–70.5)

F1,46 = 1.32,
p = 0.128

MMSE in
AD-predicted
pathologyb

13 : 16

3.75

0.27 versus 0.70
(0.07–0.48 versus
0.50–0.90)
0.33 versus 0.64
(0.17–0.49 versus
0.48–0.80)
0.37 versus 0.60
(0.20–0.55 versus
0.43–0.77)
0.42 versus 1.02
(0.15–0.69 versus
0.77–1.27)

39.0
(14.0–52.8)

25 : 25

28.6 → 27.5
versus
28.1 → 25.2
28.2 → 26.9
versus
28.5 → 25.8
28.3 → 26.8
versus
28.4 → 25.9
28.1 → 26.5
versus
27.9 → 24.1

41.6
(20.0–54.7)

F1,25 = 3.41,
p = 0.038

CI, confidence interval; MMSE, Mini-Mental State Examination; ChEi, cholinesterase inhibitor. a Inter-evaluation intervals differ according
to subsets of participants included. b In addition to CN participants, MCI participants without AD predicted primary pathology were excluded.

7:6
10 : 6
10 : 6
10 : 6

CVLTII (trial 5 learning)

CVLT (trial 4 learning)

CVLT (10-min delay)

CVLT (recognition)

24 : 23
24 : 24
23 : 23

Semantic Verbal Fluency

Design Fluency

Modified Trail-Making B

CDR-SB

25 : 23

24 : 22

23 : 24

Phonemic Verbal Fluency

Digit-Span Backward

24 : 22

Calculations

21 : 12

23 : 23

Stroop Interference

Digit-Span Forward

23 : 23

Stroop Color-Naming

4.28

3.98

3.22

4.00

3.99

4.09

4.15

3.83

4.13

4.09

2.43

2.43

2.43

4.23

4.23

4.10

Interevaluation
interval
(avg. years)

↑ 3.6 (±2.6) versus ↓ 1.9 (±2.7)

15.1 → 15.6 versus 15.6 → 15.3
[# correct words]
14.6 → 14.0 versus 13.3 → 13.5
[# correct words]
6.5 → 6.0 versus 6.1 → 5.3
[# correct words]
5.8 → 3.5 versus 2.4 → 0.8
[# correct words]
8.1 → 7.8 versus 7.7 → 7.5
[# correct words]

2.0 → 2.2 versus 2.0 → 3.6 [units]

6.8 → 6.8 versus 6.9 → 6.5
[sequence length correctly repeated]
5.0 → 4.4 versus 5.2 → 4.9
[sequence length correctly repeated]

81.2 → 80.2 versus 84.5 → 72.1
[# correct color identification]
45.4 → 44.6 versus 46.6 → 39.6
[# correct color identification]
4.6 → 4.5 versus 4.6 → 4.1
[# correct calculations]
14.0 → 14.5 versus 16.1 → 14.1
[# unique correct words]
20.6 → 20.0 versus 19.3 → 15.3
[# unique correct words]
9.3 → 8.7 versus 9.7 → 10.1
[# unique shapes]
43.6 → 35.0 versus 44.8 → 47.2
[seconds]

↑ 9.2 (±9.9) versus ↓ 21.8 (±11.6)

10.2 → 11.1 versus 8.7 → 6.8
[correct points]

↓ 9.9 (±43.1) versus ↓ 78.4 (±43.8)

↓ 13.1 (±6.7) versus ↓ 6.2 (±6.8)

↑ 0.5 (±4.6) versus ↓ 6.9 (±6.0)

↑ 19.8 (±15.9) versus ↓ 5.4 (±15.9)

↓ 6.6 (±10.9) versus ↑ 3.8 (± 10.4)

↓ 3.0 (±7.2) versus ↓ 20.6 (±7.9)

↑ 3.3 (±10.5) versus ↓ 12.3 (±9.0)

↓ 1.2 (±5.0) versus ↓ 11.5 (±5.2)

↓ 1.7 (±8.6) versus ↓ 15.1 (±8.3)

↓ 1.2 (±5.7) versus ↓ 14.7 (±5.4)

↓ 3.7 (±6.5) versus ↓ 2.2 (±8.9)

↓ 39.2 (±16.0) versus ↓ 66.0 (±51.1)

↓ 7.5 (±9.1) versus ↓ 14.0 (±12.5)

↓ 3.8 (±7.6) versus ↑ 1.0 (±9.1)

Percent (%) improvement (↑)
or decline (↓) compared to
baseline in users versus nonusers
(±SEM)

Baseline → final task scores
in users versus non-users
[metric]

F1,45 = 2.62,
p = 0.056

F1,30 = 1.95,
p = 0.086
F1,43 = 0.49,
p = 0.244

F1,42 = 5.00,
p = 0.015
F1,43 = 2.28,
p = 0.069
F1,43 = 3.04,
p = 0.044
F1,44 = 3.05,
p = 0.044
F1,44 = 2.81,
p = 0.051
F1,45 = 0.73,
p = 0.198
F1,44 = 2.25,
p = 0.070

F1,10 = 3.07,
p = 0.055
F1,10 = 0.48,
p = 0.252
F1,13 = 0.22,
p = 0.324
F1,13 = 0.36,
p = 0.278
F1,13 = 0.03,
p = 0.435

F1,43 = 7.37,
p = 0.005

Fdf , pa

Abbreviations: CVLTII, California Verbal Learning Test – Second Edition; CVLT, California Verbal Learning Test; CDR-SB, Clinical Dementia Rating Scale Sum of Boxes; SEM, Standard Error
of the Mean. a Between-group statistical significance before Bonferroni correction for multiple comparisons (all non-significant after correction). b CVLT administered to participants with MCI or
AD diagnoses, and CVLTII to CN participants.

Disability Score

Working Memory

Executive Function

7:6

CVLTII (recognition)

Verbal Episodic Memoryb

24 : 22

Benson Complex
(10-min delay
recognition)

Visual Episodic Memory

Participants
included
(users :
non-users)

Task

Cognitive
Domain

Table 3
Trazodone effects on secondary outcomes
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Fig. 2. Effects of trazodone use on primary outcome (MMSE).
Effects of trazodone on MMSE performance between 25 trazodone
users and 25 trazodone non-users over an inter-evaluation interval
of 4.12 years. Error bars indicate standard error of the mean.

DISCUSSION
This study was conducted on the premise that
SWS enhancement delays amyloid-␤ aggregation in
AD models and improves sleep-mediated episodic
memory consolidation through synaptic potentiation, both of which may delay long-term cognitive
decline. Indeed, our results, by suggesting an association between longitudinal trazodone use and delayed
cognitive decline, are supportive of this hypothesis, since the rate of decline in trazodone users
was less than half (39.01%) of that of non-users
on global measures of cognition over an estimated
four-year period. Notably, it was participants treated
with trazodone with concomitant baseline sleep complaints, especially those who reported improvement
in sleep quality over time, who had delayed cognitive
decline compared to patients with sleep disruption that were not on trazodone. After post-hoc
analyses focusing on shorter inter-evaluation intervals, rates of decline remained relatively unchanged
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for each group, verifying a quasi-linear effect of
inter-evaluation intervals to our primary outcome.
However, effects were marginally non-significant,
likely indicating a slightly underpowered study in
revealing possible trazodone benefits for shorter
follow-up periods. Overall, the above findings support for the first time the consideration of trazodone
for clinical use, not only toward improving quality of
life in older adults by increasing sleep duration [10],
but also as an intervention against cognitive decline.
The findings are also in keeping with the therapeutic concept of consolidating brain rhythms of sleep
and wakefulness toward delaying neurodegeneration
and optimizing synaptic plasticity [16]. On this basis,
sleep consolidation, as defined by integrity of sleep
continuity and architecture, can be directly achieved
through medications that consolidate sleep rhythms
[26], as well as indirectly by consolidating rhythms
of wakefulness that in turn allow deeper rhythms in
subsequent sleep [27, 28]. Through this paradigm,
SWS enhancers are only part of a gestalt approach
toward optimizing sleep-wake rhythm separation, in
which light therapy and daytime activities may also
be useful [29].
Our findings partially contrast with previous
results on AD, in which short-term trazodone use
was not associated with cognitive benefits despite
increased sleep duration [13]. The most likely explanation of such a discrepancy is the difference in
duration of trazodone use and follow-up between
those studies and ours, i.e., two weeks versus four
years. This discrepancy also negates the argument
that the cognitive benefits observed in our study were
the result of a single or a few nights of better sleep
allowing people to be more vigilant the following day,
and instead reflect a longitudinal effect that is associated with chronic trazodone use. Further support
for this argument are our results indicating delayed
decline across cognitive domains, beyond executive
and vigilance tasks that are typically improved after
a good night’s sleep [30]. One explanation on why
trazodone cognitive benefits present longitudinally,
and not after only few weeks of use, is that it may
have protective effects on pathology progression.
Specifically, it is expected that significant amyloid␤ aggregation or degeneration-dependent effects will
be reflected through progression of cognitive decline
over longer intervals than a couple of weeks. Similarly, it is likely that a longer inter-evaluation interval
is required to observe cognitive benefits mediated
by synaptic plasticity during sleep. To date, direct
evaluation of overnight sleep-mediated memory
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Fig. 3. Effects of trazodone use on MMSE are dependent on sleep symptom severity at baseline and on their longitudinal improvement. Posthoc analyses of trazodone effects on longitudinal MMSE performance in 25 trazodone users and 25 trazodone non-users when accounting
for (A) presence or (B) absence of sleep complaints at baseline evaluation, and (C) changes (improvement, worsening or stability) in sleep
complaints between baseline and final evaluations. MMSE inter-evaluation interval was 4.12 years. Error bars indicate standard error of the
mean. See text for details.

consolidation through SWS enhancers has not been
performed in AD.
Based on previous studies that indicate a relationship between decreased SWS, cognitive deficits, and
amyloid-␤ pathology as revealed through molecular
PET even in cognitively non-impaired individuals,
we included a CN group in addition to the two patient
groups [6]. Longitudinal trazodone use was associated with delayed cognitive decline across diagnostic
groups in our study, supporting its possible utility as
a treatment from cognitively non-impaired to mildlyimpaired patients. None of our patients had moderate
or severe dementia to allow for inferences of trazodone use on more advanced disease.
Trazodone group comparative delay in cognitive
decline persisted when accounting for concomitant
use of medications that modulate brain rhythms,
such as stimulants and sedatives, which may signify
trazodone’s contribution to sleep-wake and ultradian rhythm consolidation toward delayed cognitive
decline [16]. However, when specifically accounting
for ChEi use, trazodone users did not significantly
benefit in delayed cognitive decline compared to nonusers. This particular finding does not fully detract
from our hypothesis that trazodone use may delay
cognitive decline, considering that there may be

1) decreased statistical power when accounting for
ChEi, 2) common mechanistic effects on sleepwake rhythm consolidation between trazodone and
ChEi, or 3) ceiling effects on cognitive outcomes
for ChEi users. Specifically, ChEi users benefit from
improved attention and alertness through enhancement of cholinergic transmission and may thus
perform at ceiling throughout the follow-up period
[31]. Indeed, the observed rate of decline in MMSE
for all non-users when accounting for ChEi use
was slower than anticipated, at 0.60 points per year
(Table 2), compared to the one-point decline per year
observed in longitudinal trials on ChEi use in mild
AD [32, 33]. Furthermore, for 25–40% of patients
with mild to moderate AD who suffer from excessive
daytime somnolence, daytime administration of ChEi
can help consolidate sleep-wake rhythms by directly
promoting daytime wakefulness [34, 35]. In turn,
direct wakefulness consolidation indirectly enhances
subsequent SWS, and may thus facilitate the hypothesized mechanism for trazodone’s benefits [27–29,
36]. Even if ChEi have shared effects with trazodone
toward delaying cognitive decline, trazodone has certain additional useful clinical qualities. In addition
to directly improving sleep consolidation, the current results indicate a potential cognitive benefit for
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patients with MCI that is not verified in ChEi trials,
where benefits are more definitively shown for mild to
moderate AD. Whether trazodone’s beneficial effects
are indeed mediated through neuroprotection, however, remains to be clarified. Additionally, trazodone
does not have the prevalent side effects of ChEi, such
as insomnia, diarrhea, or bradycardia, making it even
more favorable for patients who also do not tolerate
ChEi.
Effects of trazodone in all secondary outcomes
were non-significant after correction for multiple
comparisons but reveal a trend of delayed cognitive decline for almost all measures. We specifically
tested trazodone effects on short-term memory and
executive tests, considering known involvement of
hippocampal and prefrontal areas in sleep-mediated
effects via SWS enhancement on these cognitive
domains [3, 37]. Even though the results were not
significant, the observed trend is promising in pursuing tailored studies that are powered to identify
a potential beneficial effect in the specific cognitive domains. It is worth keeping in mind that
cognitive benefits via SWS enhancement may vary
depending on a patient’s specific syndrome (e.g., late
age-of-onset AD, early age-of-onset AD, logopenic
variant primary progressive aphasia, posterior cortical atrophy). Additionally, they may be dependent
on a person’s age, with younger patients potentially benefitting most in executive function versus
older ones in short-term memory. In our cohort of
predominantly older amnestic patients, a trend was
observed in both executive and short-term memory
tasks.
There are also inherent limitations to our study,
primarily due to its retrospective nature. Ideally, we
would prospectively standardize medication dosage
and timing, after randomized allocation between
groups, and monitor medication compliance across
a predefined time period. For example, benefits
observed in the trazodone group may reflect better overall medical management of participants by
their physicians and delayed cognitive decline due
to unaccounted factors. Possible adverse effects of
trazodone were not explicitly reported during the
assessment of participants’ medication regimen. It
is thus possible there is a biased selection against
people who tried but did not tolerate trazodone for
inclusion in the trazodone group, but who could
have been included in the trazodone non-user group.
Such participants may be more resistant in achieving
better sleep consolidation through SWS enhancers.
Alternatively, there may be different metabolism of
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trazodone in these participants, given that prior work
indicates its active metabolite may have different
effects on alertness compared to trazodone itself
[38], a possibility that personalized medicine may be
able to address. Eventually, optimal accounting for
confounders necessitates prospective double-blind
randomized trials to confirm that differential rates of
cognitive decline are directly caused by trazodone.
Such prospective studies, ideally incorporating interval cognitive evaluations, could also answer whether
potential long-term trazodone benefits are due to continuous modulation of brain networks, or whether
they primarily reflect early treatment period effects.
Even though there are no prospective long-term studies of trazodone for insomnia in elders, long-term
persistent benefits have been observed in depression
[39].
Another limitation pertains to whether the
observed trazodone effects are primarily mediated
through SWS enhancement. In this study, quantified
data of SWS were not available for correlating to
rate of cognitive decline. Additionally, it is possible that trazodone effects could be mediated through
its antidepressant benefits. We do not believe the
latter is the case, since trazodone is rarely, if ever,
given as an antidepressant in our cohort. Moreover, antidepressant doses of trazodone are usually
much higher than doses for insomnia that were
prescribed for our participants, and often relate
to carry-over cognitive deficits the following day,
albeit less severe than those observed with certain other antidepressants [40–43]. Nonetheless, a
prospective study would be the optimal approach in
controlling potential antidepressant-mediated cognitive benefits of trazodone. An alternative possibility
of the observed trazodone benefits could be explained
by its possible neuroprotective effects via inhibition of the phosphorylated eukaryotic initiation
factor 2␣ signaling pathway of the unfolded protein response (eIF2␣-P/UPR) [44]. Specifically, in the
MAPT P301L mouse model of tauopathy, trazodone
use was associated with less memory deficits, preserved hippocampal neuronal counts, delayed gross
brain atrophy, and prolonged survival [44]. Interestingly, the eIF2␣-P/UPR pathway is also induced
during sleep deprivation of wild type mice, providing an additional mechanistic explanation through
which improving disturbances in sleep may be neuroprotective [45]. This latter inference, that potentially
beneficial trazodone effects on cognition may be
mediated by reducing sleep disturbance, is supported
by the results from our post-hoc exploratory analyses
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indicating delayed cognitive decline in trazodone
users with baseline sleep problems and, even more, in
trazodone users who improved their sleep on followup evaluation (Fig. 3). A fine distinction should be
highlighted on the above observation in that, although
trazodone effects on cognition were mediated by
improvement in sleep, which in turn raises the possibility that cognitive benefits may relate to improved
sleep alone irrespective to trazodone use, the post-hoc
analysis also indicates that participants who longitudinally improved their sleep while on trazodone
had proportionally less cognitive decline compared to
participants who improved their sleep but were not on
trazodone (Fig. 3c). Given that the current retrospective study and group matching were not structured
to answer mechanisms of trazodone benefits, nor
answer whether longitudinally improving sleep in
general delays cognitive decline, the above posthoc observations should be interpreted with caution
until prospective intervention studies are completed.
Nonetheless, speculating on the current findings, it
is possible that the improvement in sleep symptoms
could serve as a proxy for trazodone effects in general.
One such effect to consider is the well-established
SWS enhancement achieved through trazodone [12,
15], which in turn shows promise towards neuroprotection [16]. If this finding replicates in future
prospective studies, then the entire class of medications decreasing the degree of sleep disturbance, and
especially those promoting SWS, can be considered
in the prevention of cognitive decline. Such beneficial
effects may be achieved mechanistically via modulation of both amyloid-␤ and tau pathologic burden,
as well as optimization of sleep-mediated synaptic
potentiation.
In summary, the pervasiveness and consistency
of the observed trazodone effects, especially after
considering disease severity and concomitant medication use, encourages further investigation into its
effectiveness on preserving cognition via sleep-wake
rhythm consolidation. Implications on clinical practice involve improving quality of life for patients
who experience sleep disturbances that, if untreated,
may promote future amyloid-␤ deposition. Furthermore, potential cognitive benefits of trazodone may
be applicable to both cognitively intact older adults
and mildly impaired patients with dementia. The
effectiveness of trazodone, possibly achieved by
decreasing amyloid-␤ aggregation and pathologic
tau burden, as well as by improving sleep-mediated
memory consolidation, can be further explored
through controlled clinical trials.
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