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Abstract

Objectives: Evidence in mouse models has found that the antidepressant trazodone

may be protective against neurodegeneration. We therefore aimed to compare

cognitive decline of people with dementia taking trazodone with those taking other

antidepressants.

Methods: Three identical naturalistic cohort studies using UK clinical registers. We

included all people with dementia assessed during 2008–16 who were recorded

taking trazodone, citalopram or mirtazapine for at least 6 weeks. Linear mixed

models examined age, time and sex‐adjusted Mini‐mental state examination

(MMSE) change in people with all‐cause dementia taking trazodone compared with

those taking citalopram and mirtazapine. In secondary analyses, we examined those

with non‐vascular dementia; mild dementia; and adjusted results for neuropsychi-

atric symptoms. We combined results from the three study sites using random‐
effects meta‐analysis.
Results:We included 2,199 people with dementia, including 406 taking trazodone,

with mean 2.2 years follow‐up. There was no difference in adjusted cognitive

decline in people with all‐cause or non‐vascular dementia taking trazodone, cit-

alopram or mirtazapine in any of the three study sites. When data from the three

sites were combined in meta‐analysis, we found greater mean MMSE decline in

people with all‐cause dementia taking trazodone compared to those taking cit-

alopram (0·26 points per successive MMSE measurement, 95% CI 0·03–0·49;

p = 0·03). Results in sensitivity analyses were consistent with primary analyses.

Conclusions: There was no evidence of cognitive benefit from trazodone compared

to other antidepressants in people with dementia in three naturalistic cohort

studies. Despite preclinical evidence, trazodone should not be advocated for

cognition in dementia.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, pro-

vided the original work is properly cited.
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Key points

� There is no evidence of cognitive benefit of trazodone in dementia

� People taking trazodone had worse cognitive decline than those taking citalopram

� Results were similar in analyses restricted to people with mild dementia

� Results were consistent after adjustment for severity of neuropsychiatric symptoms

1 | INTRODUCTION

There are no successful disease modifying treatments for demen-

tia,1 intensifying the need for the identification of new treatment

approaches. The repurposing of existing medication, which has

proven effective in other diseases, has potential to bring medica-

tion more rapidly to general use; the antidepressant trazodone has

been proposed to have potential for repurposing in dementia.2

Increased protein unfolding is a pathological hallmark of many

neurodegenerative diseases,3 possibly mediated through increased

activation of the pancreatic endoplasmic reticulum kinase PERK/

eIF2α‐P pathway of the unfolded protein response and subsequent

attenuation of protein synthesis.4 A recent study found that traz-

odone has effect on eIF2α‐P in mouse models of neurodegenerative

disease2; it restored protein synthesis, was neuroprotective,

restored memory deficits, prevented neurodegeneration, and pro-

longed survival in these models of prion disease and fronto-

temporal dementia. There is potential benefit of this therapeutic

approach for other forms of dementia as trazodone was linked to

lower levels of phosphorylated tau, a feature of Alzheimer's disease

pathology.5

Trazodone is an antidepressant with multiple therapeutic

mechanisms; it is a serotonin 5‐HT2A and α1‐adrenergic antagonist, a
serotonin reuptake inhibitor and a histamine H1 inverse agonist.6 It

is licenced for major depressive disorder in the UK and US and

prescribed for insomnia in depression.7 Small studies have found it to

reduce neuropsychiatric symptoms of Alzheimer's disease8 and

frontotemporal dementia9 and because of this it is prescribed in

clinical practice.10 To explore the effect of trazodone on cognitive

decline in people who develop dementia we performed naturalistic

cohort studies in routinely collected secondary mental healthcare

data from three large clinical services. As trazodone is prescribed for

non‐cognitive symptoms of dementia which may reflect more rapidly
progressive dementia,11 we compared trazodone with citalopram

and mirtazapine; antidepressant drugs which do not have effect on

eIF2α‐P2 but are prescribed for similar indications. While there has

been no evidence that mirtazapine or citalopram improve cognitive

trajectory, we hypothesised that trazodone may do so. As trazodone

may be used as a treatment for depression or other neuropsychiatric

symptoms, and these symptoms may be risk factors for or symptoms

of worse dementia trajectory,12 we also aimed to take into account

the potential confounding effect of neuropsychiatric symptoms. Our

specific objectives were to:

� compare the cognitive trajectory of people with dementia who

were prescribed trazodone with those prescribed citalopram or

mirtazapine

� examine these associations in people with non‐vascular dementia
subtypes because the PERK/eIF2α‐P pathway is not pathogenic in

vascular dementias

2 | MATERIALS AND METHODS

2.1 | Study setting and data source

We conducted three cohort studies using data from three separate

datasets of routinely collected clinical data from large mental health

trusts in North London (Camden and Islington NHS Foundation Trust),

South London (South London and Maudsley NHS Foundation Trust)

and Oxford (Oxford Health NHS Foundation Trust), UK. We used

these services' case register Clinical Record Interactive Search (CRIS)

data tools, which provide pseudonymised electronic medical records

for research purposes.13,14 These healthcare providers deliver a range

of psychiatric services, including dementia assessment and manage-

ment, to geographic catchment areas containing 1.2 million residents

in south London; 480,000 residents in north London; and 1.9 million

residents in Oxfordshire, Buckinghamshire, Swindon and Wiltshire,

thereby covering around 5% of the UK population. CRIS allows data to

be extracted from structured fields in patients' electronic clinical re-

cords and, to enhance recognition of relevant information, unstruc-

tured text (including correspondence, discharge summaries and

clinical notes). Information from the unstructured text is extracted

using General Architecture for Text Engineering (GATE), a language

processing software15; use of GATE in the CRIS resource is detailed in

the description of the data resource.13,14 CRIS has previously been

used to examine a variety of dementia‐related research questions13,16

and data from more than one database has previously been combined

to allow more diverse and generalizable samples.17 GATE software

has previously been shown to have precision (akin to positive pre-

dictive value) of between 94% and 96% for correct identification of

psychotropic drugs in these data.18,19

2 - SOMMERLAD ET AL.



2.2 | Ethical approval

Approval to use CRIS was received from the Oxfordshire Research

Ethics Committee C (08/H0606/71 + 5) for South London; the Na-

tional Research Ethics Service Committee East of England—

Cambridge Central (14/EE/0177) for North London; the National

Research Ethics Service Committee South Central—Oxford C (15/SC/

0247) for Oxford. The terms of the ethical approval do not require

consent to be provided, but all participants have the right to opt out

of data use at any time.

2.3 | Study window

For North London we used all available clinical records from patients

seen between 1 January 2008 and 30 September 2016; for South

London from 1 January 2006 until 31 March 2016; and for Oxford

from 1 June 2008 to 31 March 2016. Cohort entry was the time of

last mini‐mental state examination (MMSE) assessment before traz-

odone, citalopram or mirtazapine initiation or, if no MMSE record

prior to drug initiation, the time of drug initiation.

2.4 | Study participants

2.4.1 | Inclusion criteria

We retrieved records from the three databases for eligible study

participants of any age who had:

� received diagnosis of dementia during the study window (defined

as ICD‐1020 code of F01‐03 or G30 entered in the structured field

of the electronic medical record).

� been recorded in electronic medical record as taking trazodone,

citalopram or mirtazapine at any time before or after dementia

diagnosis (derived from GATE ‘medication’ application).

� ≥2 recorded cognitive test scores, with at least one after the

initiation of trazodone.

� ≥6 weeks recorded exposure to the drug of interest: drug initia-

tion could precede dementia diagnosis if exposure continued after

diagnosis, or it could follow dementia diagnosis.

2.5 | Exposure

We ascertained exposure status by extracting information from CRIS

using GATE. This bespoke application is designed to identify medi-

cations that are currently prescribed to the patient and was devel-

oped through expert annotation, which means that domain experts

coded whether the medication prescription was present in a partic-

ular document based on pre‐defined coding rules and/or their expert
experience.21 This searched for any reference to trazodone (and

common mis‐spellings or molipaxin, the UK trade name) and

comparator drugs, citalopram or mirtazapine, and extracted the date

of the record. Any relevant record of the drugs of interest during the

study window would be detected by the GATE algorithm so drug

exposure was measured longitudinally. The index date was the first

record of the drug starting or continuing and participants were

considered as being exposed until the date of the last record of the

drug, the date of death, or the end of the study window.

Individuals recorded taking trazodone and citalopram or mirta-

zapine during the study window, either in combination or succession,

were categorised as in the trazodone exposure group, because of our

hypothesis that trazodone may benefit cognitive trajectory while

mirtazapine or citalopram have not been reported do so. Those who

switched medication, for example took trazodone and later took

mirtazapine would have been included in the trazodone group with

exposure to trazodone defined as from the first to last relevant re-

cord of trazodone. Those recorded as taking both mirtazapine and

citalopram during the study window were excluded from either

control groups.

2.6 | Outcomes

We extracted all MMSE22 dates and numerator and denominator

scores from included patients before and after drug prescription at any

time during study window, drawn from a structured field in the source

record and a further GATE information extraction. For analysis, we

used up to 10 MMSE records for each participant, the baseline record

being the last MMSE record before drug initiation or, if no MMSE

before initiation, the first MMSE following initiation. MMSE is a 30‐
point scale assessing global cognitive function regularly recorded by

clinicians, has good psychometric properties for determining disease

severity,23 and has been used as a cognitive outcome measure in tri-

als.24 MMSE has shown validity in differentiating people with and

without dementia in previous studies using this datasource.25

2.7 | Covariates

We derived data on:

� Sociodemographic factors, as recorded at start of exposure: age,

sex, ethnicity, marital status, and socioeconomic status based on

area‐level deprivation using the 2010 Index of Multiple

Deprivation.26

� Last‐recorded dementia subtype (Alzheimer's disease; vascular

dementia; dementia with Lewy bodies, including dementia in Par-

kinson's disease); other dementia (encompassing any other speci-

fied dementia type); and unspecified dementia, where dementia

aetiology was not recorded.

� From the South London research site, we extracted data on

clinician‐rated severity of agitation and depression symptom

severity at the start of exposure using the Health of the Nation

Outcome Scale (HoNOS).27 HoNOS is a clinician‐rated scale with
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acceptable psychometric properties which is usually completed at

regular clinical assessments; depression, which may take into ac-

count symptoms of loneliness as a symptom of depression, and

agitation are rated on a scale from 0 (no symptoms) to 4 (severe

symptoms).

We also derived data on date of death for deceased patients

from the Office of National Statistics mortality database and the NHS

national spine linked using NHS national patient record numbers and

additional sociodemographic data. These data have been shown to

have accuracy of 94%.28

2.8 | Analytic approach

We first examined the baseline demographic and clinical character-

istics of the cohort according to drug status. To compare clinical

practice in use of trazodone across the three study sites, a psychia-

trist manually reviewed the clinical notes for the time of drug initi-

ation to identify the indication for trazodone use and trazodone daily

dose in a randomly selected 20 patients for each site.

We compared rate of MMSE change between drug groups using

linear mixed models29 as this approach uses all available outcome data

and takes account of individuals' repeatedMMSEmeasurements being

correlated. For these analyses, both the intercept and slopewere fitted

as random effects as individuals had different cognitive scores at

baseline anddifferent rates of cognitive changeover time. Because less

than 10%of our study participants hadmore than 10MMSE scores, we

only used up to 10MMSE records in our analysis, with the indexMMSE

being the final before drug initiation or, if none was available, the first

MMSE after drug initiation, and up to nine subsequent MMSEs, until

the last recorded documentation of the medication.

Our pre‐specified main analysis was adjusted for age, sex and the
length of time (as a continuous variable) between first and last MMSE

scores. We repeated our main analysis excluding those who had been

diagnosed with vascular dementia, as it is not considered to be

neurodegenerative,30 so we hypothesised it as less likely to be

affected by trazodone treatment.

Due to data security and governance regulations, only aggre-

gated data could be shared across sites. We conducted meta‐analysis
of effect estimates from the three sites using random effects models

of the weighted mean difference.31 Data were analysed using STATA

(version 12) for mixed models analysis and Comprehensive Meta‐
analysis (version 3) for meta‐analysis.

2.8.1 | Sensitivity analyses

In post‐hoc sensitivity analyses, we examined whether confounding

by indication affected our results, by (1) conducting our primary

analysis with additional adjustment for neuropsychiatric symptom

severity using data from the South London site—the largest of our

research sites—with HoNOS agitation and depressed mood domains

included as two separate continuous variables; and (2) repeating our

analysis only including people with mild dementia (MMSE ≥20),
adjusted for age, time and sex and, in a separate model, additionally

for agitation and depressed mood.

2.9 | Role of the funding source

Funders had no role in the study design and the collection, analysis,

and interpretation of data and the writing of the article and the

decision to submit it for publication.

3 | RESULTS

The baseline characteristics according to site and drug groups are

detailed in Table 1 and study flow is in Figure 1 We included 2,199

people with dementia, of whom 406 were prescribed trazodone, 702

mirtazapine and 1,091 citalopram; 455 participants were from North

London, 1,263 from South London; and 481 from Oxford. The mean

follow‐up was 2.2 years duration (standard deviation (sd) 1.4 years)

and the mean time between each MMSE assessment was between 4

and 7 months in the drug groups. Participants were 79.3 (3.0) years

old on average and 1,435 (65.3%) were female. Most were white

ethnicity (79.8%), 34.2% were married and 32.7% widowed. Mean

baseline MMSE in the total sample was 18.8 (2.6) and 1,733 (78.8%)

had a neurodegenerative non‐vascular dementia. The primary indi-

cation for use of trazodone in a sample of 55 participants was

depression, agitation or insomnia (Table 2) and mean daily dose was

101.8 mg (range 50–300 mg); for one patient, trazodone was marked

as to be given ‘PRN’ (when necessary.)

3.1 | Comparison of trazodone to mirtazapine or
citalopram in three research sites

Mean unadjusted MMSE change (Table 3) for people with all‐cause
dementia taking trazodone was −0.86 points per assessment (stan-

dard error (se) 0.49) in North London, −1.03 (0.12) in South London

and −0.96 (0.14) in Oxford. In the adjusted model (Table 3, Figure 2)

for people with all‐cause dementia, there were no significant differ-

ences inMMSE change between the trazodone and other drug groups.

MMSE decline per assessment in people taking trazodone was 0.01

(95% confidence interval −1.33, 1.35) points more than those taking

mirtazapine in North London, 0.22 more (−0.06, 0.51) in South Lon-

don and 0.40 more (−0.21, 1.01) in Oxford. For people taking trazo-

done compared to citalopram, MMSE decline was 0.08 points (−1.24,
1.40) more per assessment in North London, 0.27 (0.00, 0.54) more in

South London and 0.26 points more (−0.21, 0.73) in Oxford.

For people with non‐vascular dementia type, MMSE change did

not differ between those taking trazodone and mirtazapine or

4 - SOMMERLAD ET AL.



TAB L E 1 Baseline patient demographic and clinical characteristics for three research sites

Trazodone Mirtazapine Citalopram

p‐valuean % n % n %

North London

Number of patients 16 158 281

Mean years follow‐up (sd) 2.7 (2.6) 2.5 (2.3) 2.3 (1.8) 0.44

Age at drug initiation (y � sd) 74.4 (9.6) 78.6 (8.9) 78.9 (8.7) 0.15

Sex Female 9 56.3 109 69.0 180 64.1 0.42

Missing 0 0 0 0 0 0

Ethnicity White 12 75.0 130 82.3 229 81.5 0.54

Black 1 6.3 9 5.7 21 7.5

Asian 3 18.8 9 5.7 16 5.7

Other 0 0 4 2.5 9 3.2

Missing 0 0 6 3.8 6 2.1

Marital status Married 4 25.0 44 27.8 79 28.1 0.63

Missing 0 0 10 6.3 16 5.7

Mean baseline MMSE score (sd) 18.1 (5.0) 21.1 (6.4) 21.5 (6.2) 0.10

Vascular dementia 5 31.3 27 17.1 33 11.7 0.04

South London

Number of patients 190 451 622

Mean years follow‐up (sd) 2.6 (2.7) 2.5 (2.3) 2.3 (1.8) 0.38

Age at drug initiation (y � sd) 78.3 (8.3) 79.3 (9.5) 79.1 (9.6) 0.22

Sex Female 99 52.1 308 68.3 415 66.7 0.05

Missing 0 0 4 0.9 3 0.5

Ethnicity White 147 77.4 342 75.8 475 76.4 <0.001

Black 36 19.0 58 12.9 97 15.6

Asian 4 2.1 27 6.0 33 5.3

Other 2 1.1 20 2.1 13 4.4

Missing 1 0.5 4 0.9 4 0.6

Marital status Married 74 39.5 150 33.3 193 31.0 <0.001

Missing 4 2.1 7 1.6 20 3.5

Mean baseline MMSE score (sd) 13.7 (8.0) 18.0 (7.1) 18.7 (6.6) <0.001

Vascular dementia 58 30.5 110 24.4 184 29.6 <0.001

Oxford

Number of patients 200 93 188

Mean years follow‐up (sd) 1.2 (0.9) 1.2 (1.0) 1.3 (1.0) 0.40

Age at drug initiation (y � sd) 81.1 (7.7) 79.7 (7.3) 80.6 (7.2) 0.35

Sex Female 113 46.5 66 71.0 136 72.3 0.002

Missing 0 0 0 0 0 0

Ethnicity White 177 88.5 71 76.3 171 91.0 <0.001

Black 3 1.5 0 0 0 0

Asian 0 0 3 3.2 1 0.5

(Continues)
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citalopram in the North London or Oxford sites and there was a

marginally faster rate of MMSE decline in the South London site for

people taking trazodone compared to mirtazapine (0.31 (0.00, 0.62)

points more per MMSE assessment) and citalopram (0.35 (0.05, 0.65)

points per MMSE assessment.)

3.2 | Pooled results from research sites

In pooled results from random‐effects meta‐analysis, there was

no difference between MMSE change for people taking trazo-

done v mirtazapine (0.24 (−0.01, 0.50), p = 0.06, I2 = 0% for

T A B L E 1 (Continued)

Trazodone Mirtazapine Citalopram

p‐valuean % n % n %

Other 3 1.5 0 0 1 0.5

Missing 17 8.5 19 20.4 15 8.0

Marital status Married 98 49.0 34 36.6 77 41.0 0.07

Missing 32 16.0 29 31.2 36 19.2

Mean baseline MMSE score (sd) 17.7 (6.2) 20.9 (5.7) 20.4 (6.3) <0.001

Vascular dementia 23 11.5 13 14.0 13 6.9 0.13

Abbreviation: MMSE, mini‐mental state examination.
ap‐values were derived from ANOVA for continuous variables and Pearson's chi square for categorical variables.

F I GUR E 1 Study flow

TAB L E 2 Indication for trazodone in

a sample of 20 participants in each sites
Symptom

North London (n = 16a) South London (n = 20) Oxford (n = 20)

n (%)

Agitation 6 (37.5) 12 (60) 14 (70)

Depression 7 (43.8) 3 (15) 2 (10)

Insomnia 3 (18.8) 5 (25) 4 (20)

Mean daily dose (mg) 93.8 130 80b,c

Range 50, 200 50, 300 50, 200

a16 people with dementia taking trazodone in North London site.
bDose information only available for 19 of the 20 patient notes screened in Oxford site.
cOne of 19 patients recorded as having trazodone prescribed ‘PRN’.

6 - SOMMERLAD ET AL.



all‐cause dementia (Figure 2); 0.29 (−0.05, 0.63), p = 0.10,

I2 = 16.3% for non‐vascular dementia (Figure 3)). MMSE decline

was 0.26 points greater ((0.03, 0.49), p = 0.03, I2 = 0%) per

MMSE assessment more for people with all‐cause dementia

taking trazodone compared to citalopram (Figure 2) and 0.32

points more ((0.07, 0.57), p = 0.01, I2 = 0%) for those with

TAB L E 3 Mixed models examining cognitive change over time for three sites

North London

Change in MMSE per assessment (S.E.)

Difference from trazodone group

Mean change (95% CI) p‐value

All‐cause dementia unadjusted model Trazodone −0.86 (0.49) Reference

Mirtazapine −0.73 (0.50) 0.12 (−0.86; 1.10) 0.81

Citalopram −0.64 (0.49) 0.21 (−0.76; 1.18) 0.67

All‐cause dementia adjusted modela Trazodone −0.84 (0.66) Reference

Mirtazapine −0.83 (0.68) 0.01 (−1.33; 1.35) 0.99

Citalopram −0.75 (0.67) 0.08 (−1.24; 1.40) 0.90

Non‐vascular dementia adjusted modela Trazodone −0.26 (0.56) Reference

Mirtazapine −0.77 (0.58) −0.50 (−1.64; 0.63) 0.38

Citalopram −0.68 (0.57) −0.41 (−1.54; 0.71) 0.47

South London

Change in MMSE per assessment (S.E.)

Difference from trazodone group

Mean change (95% CI) p‐value

All‐cause dementia unadjusted model Trazodone −1.03 (0.12) Reference

Mirtazapine −0.83 (0.14) 0.20 (−0.08; 0.48) 0.16

Citalopram −0.80 (0.14) 0.23 (−0.04; 0.49) 0.09

All‐cause dementia adjusted modela Trazodone −1.09 (0.12) Reference

Mirtazapine −0.86 (0.14) 0.22 (−0.06; 0.51) 0.12

Citalopram −0.82 (0.14) 0.27 (0.00; 0.54) 0.05*

Non‐vascular dementia adjusted modela Trazodone −1.17 (0.14) Reference

Mirtazapine −0.87 (0.16) 0.31 (0.00; 0.62) 0.05*

Citalopram −0.83 (0.15) 0.35 (0.05; 0.65) 0.02*

Oxford

Change in MMSE per assessment (S.E.)

Difference from trazodone group

Mean change (95% CI) p‐value

All‐cause dementia unadjusted model Trazodone −0.96 (0.14) Reference

Mirtazapine −0.54 (0.25) 0.42 (−0.08; 0.92) 0.10

Citalopram −0.67 (0.19) 0.29 (−0.09; 0.67) 0.13

All‐cause dementia adjusted modela Trazodone −0.97 (0.16) Reference

Mirtazapine −0.57 (0.28) 0.40 (−0.21; 1.01) 0.18

Citalopram −0.71 (0.22) 0.26 (−0.21; 0.73) 0.26

Non‐vascular dementia adjusted modela Trazodone −1.13 (0.18) Reference

Mirtazapine −0.61 (0.32) 0.52 (−0.13; 1.17) 0.12

Citalopram −0.76 (0.25) 0.37 (−0.13; 0.87) 0.15

Abbreviation: MMSE, mini‐mental state examination.
aadjusted for age, sex and time between first and last MMSE scores.

*indicates p value < 0.05.
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F I GUR E 2 Forest plots of difference in mini‐mental state examination change for people with all‐cause dementia taking trazodone v
citalopram and mirtazapine

F I GUR E 3 Forest plots of difference in mini‐mental state examination change for people with non‐vascular dementia taking trazodone v
citalopram and mirtazapine
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non‐vascular dementia taking trazodone compared to citalopram

(Figure 3).

3.3 | Sensitivity analyses

We included 1,236 people with all‐cause dementia in South London

(188 trazodone, 446 mirtazapine, 602 citalopram) with rating of

depressed mood and agitation (Appendix 1a) in analysis adjusted for

neuropsychiatric symptoms severity. Results were similar to primary

analyses (Appendix 1b) with no difference in cognitive decline be-

tween those taking trazodone and mirtazapine (0.21 (−0.08, 0.49)) or
citalopram (0.25 (−0.02, 0.52)).

When we included only the 660 of 1,263 patients in South

London with mild all‐cause dementia at baseline (61 trazodone, 248

mirtazapine, 351 citalopram) we found that people taking trazodone

had faster cognitive decline than those taking mirtazapine (0.45

MMSE difference per assessment (0.02; 0.88), p = 0.04) and cit-

alopram (0.53 (0.12; 0.94), p = 0.01) (Appendix 1b). In models

adjusted for agitation and depressed mood, people with mild de-

mentia taking trazodone performed worse on successive MMSE as-

sessments than those taking mirtazapine (0.43 (0.00; 0.86), p = 0.05)

and citalopram (0.52 (0.10; 0.93), p = 0.01).

4 | DISCUSSION

In this naturalistic cohort study in people with clinically diagnosed

dementia who were prescribed one of three antidepressants, we

found no evidence of cognitive benefit of trazodone in either all‐
cause dementia or non‐vascular dementias. Overall, people taking

trazodone had a slightly worse cognitive trajectory than those taking

citalopram and there was a similar pattern in the comparison be-

tween trazodone and mirtazapine although the smaller numbers in

these groups meant that the result was not significant. We found an

absence of cognitive benefit from trazodone in all three clinical sites,

as well as when combined in meta‐analysis. The consistent absence of
positive findings in our sensitivity analyses adjusted for severity of

neuropsychiatric symptoms and in people with mild dementia at

baseline adds to the strength of our conclusions.

This study suggests that there is no modification of cognitive

trajectory associated with trazodone in people with established de-

mentia. This supports evidence from small randomised controlled

trials (sample sizes between 15 and 37) which have examined the

cognitive effect of trazodone as secondary outcomes. One of these

found worse MMSE function in people with AD taking trazodone

compared to those who received behavioural management tech-

niques for agitation32 (mean baseline MMSE 14) another trial of

trazodone for neuropsychiatric symptoms in FTD found no effect on

MMSE9 (mean baseline MMSE 20.8). Trazodone for sleep disturbance

in AD had no effect on cognition or general function33 (mean baseline

MMSE 11.4). Other associated outcomes also support no disease‐
modifying benefit of trazodone in established dementia; a Cochrane

review of pharmacological interventions for agitation in dementia

found no difference in global impression or trial withdrawal rates

between trazodone and typical antipsychotics or placebo.34 There is

mixed literature on the cognitive effect of citalopram and mirtaza-

pine in dementia, including early preclinical evidence of neuro-

protective effects.35,36 However citalopram and mirtazapine

appeared to worsen cognition in the multicentre randomised, double‐
blinded, placebo‐controlled trials CitAD37 and HTA‐SADD38 respec-

tively and there is no consistent evidence of cognitive benefit for

these medications. The worse cognitive performance for patients

taking trazodone compared to citalopram in our study suggests it is

unlikely that there is cognitive benefit from trazodone.

Patients in our study had moderately severe dementia at base-

line (mean MMSE in the three sites 13.7 to 18.1), reflecting the use of

trazodone in these patients for non‐cognitive symptoms of dementia
which are less common in mild dementia.39 To consider whether

benefit from trazodone would only be seen in earlier disease when

medication is hypothesised to be more effective as neuropathological

damage is less severe,40 we analysed only those with mild dementia.

We found those with mild dementia taking trazodone declined faster

than comparators, suggesting trazodone does not confer cognitive

benefit early in the illness. Three other studies support our finding as

they did not find cognitive benefit or reduced dementia incidence in

people without dementia. Firstly, a cohort study using UK general

practice data reported higher incidence of dementia in 4,596 people

aged over 50 years without dementia at baseline who were pre-

scribed trazodone compared to those taking other antidepressants.41

Secondly, a cross‐sectional observational study examining the

cognitive effects of a range of medications in participants without

dementia in the UK Biobank found no cognitive benefit associated

with trazodone and instead a slowing of reaction time,42 and thirdly a

small study of non‐demented people found three‐fold increase in

incident dementia in the 15 people taking trazodone compared to

non‐users.43

The coefficients for MMSE change were summarised across the

whole follow‐up period and show mean decline in cognitive function

of between 0.5 and 1 point per successive MMSE assessment, which

took place at an interval of between 4 and 7 months. The people in

each of the three drug groups showed an initial improvement from

the first to second assessment and this is consistent with other

naturalistic studies examining cognitive function in routine prac-

tice.16 This improvement may reflect the combined effect of simul-

taneous initiation of pharmacological or psycho‐social cognition‐
enhancing treatments, improvement of cognition as a result of the

antidepressants alleviating neuropsychiatric symptoms, or practice

effect in MMSE performance.44 As expected, cognitive decline was

subsequently seen in all drug groups.

4.1 | Strengths and limitations

This is the largest study to examine the effect of trazodone on

cognition with any comparator and with the longest follow‐up,
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providing strong evidence as to the absence of cognitive benefit of

trazodone in its current routine clinical use. Our use of data from

three different services covering around 5% of the UK's population,

as well as the inclusion of almost all eligible people in this naturalistic

study, ensures that our findings are generalizable and avoids the

selection bias common in randomised controlled trials.45,46 Our use

of mixed linear models is a strong analytic approach as it uses every

cognitive assessment to reduce measurement error. Although dura-

tion of drug exposure was variable, this was accounted for in our

analysis.

Our study has limitations. Firstly, our observational, non‐
randomised study design meant that there were baseline differ-

ences between the groups which may suggest confounding by

indication. Patients in the trazodone groups had lower MMSE

scores at baseline and more neuropsychiatric symptoms than the

comparator groups. People taking trazodone therefore may have

had more advanced dementia with more severe neuropsychiatric

symptoms. In addition, the drugs may have been used differentially

for depression meaning that trazodone may have been used for

people with treatment resistance which could have ameliorated the

drug's potential cognitive benefit. In our sensitivity analyses, we

found consistent results when we adjusted for neuropsychiatric

symptom severity and when we only analysed those with mild de-

mentia at baseline, although these analyses may still have had re-

sidual confounding. In addition, our cohort's derivation of patients

from secondary mental healthcare services meant that data was

only available for those continuing to receive follow‐up from these

services, with potential for bias. Patients with continuing clinical

concerns, and likely worse disease course, may be more likely to

receive follow‐up and cognitive assessment. However, the custom in

these clinical settings is to follow patients receiving active inter-

vention and the consistent results between these settings lends

support to our conclusions.

Unlike studies which use pharmacy data and scrutinise drug

use, we could not derive reliable data on concordance with pre-

scribed medication, nor dose, which may modulate any cognitive

effect of trazodone. We therefore manually reviewed the notes of

55 randomly‐selected patients, finding a range of daily doses (50

to 300 mg) and one patient marked as receiving the medication

‘PRN’. The dose used in the mouse‐model study was equivalent to

194 mg daily in humans so some in our study may have received

a lower or higher dose than the experimental study. However, our

sample consisted of older people for whom a smaller dose is

required to achieve the same plasma level, and clinicians were

likely to have prescribed sufficient doses targeting clinical effect.

Furthermore, the indication for trazodone differed between sites

suggesting that clinical use of the medication may be different but

nonetheless we found consistent results from the three sites. We

lacked other information of interest including as we were not able

to derive data on comorbid medications, hospitalisations, physical

health or activity of daily living performance although these fac-

tors are unlikely to have confounded our main analyses as they

would not have affected the decision about prescribing of

trazodone. Finally, MMSE assessments were unblinded meaning

that there could be patient or observer bias if clinicians were

expecting different cognitive benefit from the drugs of interest,

but such effect is unlikely as, at the time of these observations, it

was not widely thought that these drugs were of cognitive

benefit.

4.2 | Clinical implications and future research

This study provides naturalistic evidence of the lack of effect of

trazodone on cognitive decline, compared to other antidepressants.

While randomised controlled trials of trazodone are the gold‐
standard evaluation of a medication, these are costly and time‐
consuming and as not all drugs can be examined, it is important

to pick the drugs examined with care as those most likely to lead

to benefit and less likely to cause harm. Our research is evidence

of the potential utility of large scale routinely collected research

data for the rapid examination of research hypotheses to guide

future experimental studies. There are several potential limitations

of these data resources, including non‐representative patient

populations, misclassification bias or confounding by indication,45

meaning that conclusions using such data should be cautious.

Antidepressants are commonly used for neuropsychiatric symp-

toms in dementia. For example a study of UK primary care data

indicated that 37% of people with recorded dementia in 2015 had

a prescription for an antidepressant,47 and this has increased from

28% in 2005, and an examination of 2007 UK general practice

data found that 5.4% of people with dementia had a prescription

for trazodone.10 Despite the preliminary evidence from animal

models, evidence from our study and others suggests there is no

current justification to advocate trazodone use for cognition in

dementia.
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