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Trazodone changed 
the polysomnographic sleep 
architecture in insomnia 
disorder: a systematic review 
and meta‑analysis
Yongliang Zheng 1*, Tian Lv2, Jingjing Wu3 & Yumeng Lyu1

Trazodone has been widely prescribed for off‑label use as a sleep aid. Identifying how trazodone 
impacts the performance of polysomnographic sleep architecture in insomnia disorder will provide 
additional data that can be used to guide clinical application. To assess the efficacy of trazodone 
in altering the polysomnographic sleep architecture in insomnia disorder so that sleep can be 
facilitated. PubMed, EMBASE, Web of Science, PsycINFO, Cochrane Library, Chinese Biomedical 
Literature Database (SinoMed), China National Knowledge Infrastructure, Wanfang Database, and 
the China Science and Technology Journal Database were searched for articles published between 
inception and June 2022. RCTs in patients with insomnia disorder applying trazodone in one arm of 
interventions at least 1 week, and reporting PSG parameters in the outcomes were eligible. RoB 2 
was used to evaluate the risk of bias. The results of quality of evidence assessed by the Grading of 
Recommendations Assessment, Development and Evaluation (GRADE) approach. When I2 < 50%, 
the fixed effects model was used. When I2 ≥ 50%, the random effects model was used. The mean 
differences (MD) or standardized mean differences (SMD) and odds ratios (OR) with 95% confidence 
intervals (CIs) were estimated. Eleven randomized controlled trials were selected and participants 
were 466. Risk of bias was low in 5 trials (45.5%), and was moderate in 6 (54.5%). Compared with 
the control group, trazodone significantly increased total sleep time (TST, min) (MD = 39.88, 95% CI 
14.44–65.32, P = 0.002) and non‑rapid eye movement stage 3 (N3, mixed min and %) (SMD = 1.61, 95% 
CI 0.69–2.53, P = 0.0006); trazodone significantly decreased latency to onset of persistent sleep (LPS, 
min) (MD = − 19.30, 95% CI − 37.28 to − 1.32, P = 0.04), non‑rapid eye movement stage 1 (N1, mixed min 
and %) (SMD = − 0.62, 95% CI − 1.13 to − 0.12, P = 0.02), the number of awakenings (NAs, including both 
arousal times and arousal index) (SMD = − 0.67, 95% CI − 0.91 to − 0.42, P < 0.00001), and waking time 
after persistent sleep onset (WASO, mixed min and %) (SMD = − 0.42, 95% CI − 0.81, − 0.03, P = 0.04), 
with no obvious effect on non‑rapid eye movement stage 2 (N2, mixed min and %) (SMD = − 0.15, 95% 
CI − 0.41 to 0.11, P = 0.25), rapid eye movement (REM, mixed min and %) (SMD = 0.22, 95% CI − 0.26 to 
0.70, P = 0.37), rapid eye movement latency (REML, min) (MD = 2.33, 95% CI − 27.56 to 32.22, P = 0.88), 
or apnea–hypopnea index (AHI) (MD = − 4.21, 95% CI − 14.02 to 5.59, P = 0.40). Daytime drowsiness 
(OR = 2.53, 95% CI 1.14–5.64, P = 0.02) and decreased appetite (OR = 2.81, 95% CI 1.14–6.92, P = 0.02) 
occurred with greater frequency in the trazodone group as compared to the control group, and the 
differences were significant. The results of quality of evidence were very low in TST, N3 and AHI, were 
low in LPS, WASO and REM, and were moderate in N1 and NAs. The sources of heterogeneity in TST 
and N3 were not found out from sensitive and subgroup analysis and there was no high quality of 
evidence in outcomes by GRADE Assessment. Trials with combination of other therapy could be a 
problem in this meta‑analysis as the possibility of interactions were found from sungroup analysis. 
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Trazodone could improve sleep by changing the sleep architecture in insomnia disorder, but it should 
be used with caution due to the adverse events that may occur.
PROSPERO registration register name: The effect of trazodone on polysomnography sleep architecture 
in patients with insomnia: a systematic review and meta‑analysis protocol; Registration Number 
CRD42020215332.

Insomnia disorder is a prevalent disorder, and approximately one-third of the general population presents 
insomnia  symptoms1. Pharmacotherapy is one of the major approaches to the treatment of insomnia  disorder2. 
Among medications, trazodone is controversial for its use as a sleeping aid. It is a second-generation triazolopyri-
dine derivative in the category of serotonin antagonist and reuptake inhibitors (SARI) drugs and is used as an 
 antidepressant3. However, since the end of the last century, a few studies determined that it possesses sedative 
and hypnotic action from the antagonistic mechanism at the α1- and α2-adrenergic receptors, 5-HT2A recep-
tors, and histamine H1  receptors4–6.

Many clinical  trials7–11 and  reviews12 or meta-analyses13 have reported trazodone’s general safety and sub-
jective efficacy when used for primary and secondary insomnia. Furthermore, trazodone has been reported to 
be among the most widely prescribed sleep aids in the United  States12 and in Nova Scotia,  Canada14. However, 
trazodone is not approved by U.S. Food and Drug Administration (FDA) for sleep  disorders3, and the Ameri-
can Academy of Sleep Medicine Clinical Practice  Guideline2 did not suggest that clinicians used trazodone as 
a treatment for sleep onset or sleep maintenance in adults because the evidence for its use for those purposes 
was limited.

In recent years, with the wide use of polysomnography (PSG), additional  studies15–18 on the objective efficacy 
of trazodone in the treatment of insomnia disorder have been reported; thus, it is now possible to understand 
the effect of trazodone on the sleep architecture of insomnia disorder. A retrospective  study19 revealed that 
antidepressants reduced waking time after persistent sleep onset (WASO), prolonged non-rapid eye movement 
stage 2 (N2) and shortened rapid eye movement (REM) sleep. It provided an indirect evidence for clinicians 
to use trazodone. Therefore, this systematic review and meta-analysis were designed to evaluate the objective 
effects of trazodone on insomnia disorder, and especially to assess the changes to sleep architecture based on 
PSG parameters, to provide additional evidence so that trazodone can be used as a sleeping aid.

Methods
According to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses protocols (PRISMA-P) 
2015  statement20, the protocol was previously registered on November 29, 2020. The PROSPERO Registra-
tion Number is CRD42020215332. The manuscript was prepared according to PRISMA2020  statement21, and a 
checklist was provided in Supplementary Information 1.

Inclusion criteria. P: Primary or secondary insomnia, or insomnia comorbid with other disorders. Trials 
that used either predefined diagnostic criteria or diagnosed patients according to a chief complaint of insomnia 
in participants were also included.

I: The intervention applied in the experimental group was trazodone alone or in combination with other 
therapies. The treatment course of trazodone was at least 1 week. The doses of trazodone were not limited.

C: Comparison was placebo or blank, and other concomitant treatments, if any, were consistent between 
the two groups.

O: Primary outcomes were PSG sleep parameters, including total sleep time (TST), sleep efficiency (SE), 
latency to onset of persistent sleep (LPS), waking time after persistent sleep onset (WASO), the number of awak-
enings (NAs) or arousal index (ArI), non-rapid eye movement stage 1 (N1), non-rapid eye movement stage 2 
(N2), non-rapid eye movement stage 3 (N3), rapid eye movement (REM), apnea–hypopnea index (AHI), and 
rapid eye movement latency (REML). Time points were 1 week and above. For some earlier studies, N3 sleep 
was divided into N3 and non-rapid eye movement stage 4 (N4). However, according to the American Academy 
of Sleep Medicine manual for the scoring of sleep and associated events (2007), N4 was no longer separated 
from the other non-rapid eye movement sleep (NREM) sleep  stages22. In this study, we only considered N3. The 
secondary outcomes were adverse events and discontinuation for all causes. According to actual data, amend-
ments to the registration protocol consisted of adding REML to outcomes and mean arterial oxygen saturation 
(SaO2), the periodic limb movements (PLM) index, and N4 were removed.

Other eligibility criteria. Articles describing randomized controlled trials (RCTs) published in either Eng-
lish or Chinese were included in the analysis.

Exclusion criteria. The following studies were excluded: (1) duplicate or those with overlapping popula-
tions; (2) quasi-random; (3) those with unavailable data after attempting to contact the authors; and (4) those 
without PSG parameters in the outcomes.

Search and screen strategy. PubMed, EMBASE, Web of Science, PsycINFO, Cochrane Library, Chinese 
Biomedical Literature Database (SinoMed), China National Knowledge Infrastructure, Wanfang Database, and 
the China Science and Technology Journal Database were searched from inception to June 2022 employing the 
following keywords: “sleep initiation and maintenance disorders,” “insomnia,” and “trazodone.” T.L. and J.W. 
independently searched the above databases. Inconsistencies were discussed among them, or they consulted 
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with the third author, Y.Z. According to the different retrieval modes, keywords were combined with free words 
to perform a comprehensive search strategy  (Supplementary Information 2). After excluding duplicate studies, 
T.L. and J.W. independently screened the titles and abstracts. Then, full-text articles were assessed for eligibility 
according to the inclusion criteria, and reasons for exclusion were noted. If disagreements existed, a consensus 
would be reached through discussion among our team.

Data extraction and quality assessment. T.L. and J.W. independently extracted data from the included 
studies. Any disagreement was resolved by discussion until consensus was reached or by consulting with Y.Z. 
The data were recorded in an Excel table format and included categories of the first author, publication year, 
study country, sex, sample size, age, diagnosis, intervention, trazodone doses and duration, PSG parameter out-
comes, discontinuation for all causes, and adverse and discontinuation events. For the crossover design study, 
only phase 1 data were extracted if two phases were separately reported and the washout period was not reported 
in the trial design. If any data were missing, we would calculate it from existing data or contact the author(s) to 
obtain the missing information.

The risk of bias from the included studies was assessed by guidance from the Cochrane Handbook for Sys-
tematic Reviews of  Interventions23. T.L. and J.W. used Revised tool for Risk of Bias in randomized trials (RoB 
2)24 to independently score the included studies as low, some concerns, or high risk in five domains. When 
inconsistencies arose, they were resolved by consensus through discussion by the team.

Data analysis. Cochrane Review Manager v5.3 was used to process the data. Mean differences (MD, when 
the units of data were unified) or standardized mean differences (SMD, when the units of data were not uni-
form), as well as 95% confidence intervals (CIs), were estimated as continuous measures. The odds ratios (OR), 
as well as the 95% CIs, were estimated as dichotomous measures (the number of discontinued patients). When 
standard deviation (SD) were missing and could not be obtained from the authors, they were calculated from 
reported P values, t values, confidence intervals (CIs), or standard  errors25. Trials reporting median results were 
excluded.

Heterogeneity was evaluated, and I2 ≥ 75%, I2 ≥ 50%, and I2 ≥ 25% represented large, moderate, and small 
heterogeneity,  respectively26. When I2 < 50%, the fixed effects model was used. When I2 ≥ 50%, the random effects 
model was used, and then sensitivity and subgroup analyses were performed to determine possible sources of the 
heterogeneity and to assess robustness of the synthesized results depending on the available  data23. The results 
of the meta-analysis are presented as forest plots and tables. Publication biases were assessed by funnel plots and 
Egger’s  tests23,27 (Stata 15.1, Stata Corp., College Station, TX, USA). Two-sided P < 0.05 was considered statistically 
significant. The results of outcomes were assessed the quality of evidence by the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) under the software GRADE profiler (https:// grade profi ler. 
softw are. infor mer. com/ downl oad/).

Results
Characteristics of included studies. Eleven  RCTs9,15–18,28–33 published between 1999 and 2021 and 
involving 466 participants were selected. The procedure used for study selection is shown in the flow diagram 
in Revised Fig.  1. Among included trials,  four9,29–31 trials (36.4%) recruited patients from European coun-
tries,  five16–18,28,33 trials (45.4%) recruited from Asia, and  two15,32 (18.2%) trials recruited from North America. 
Three  trials29,31,32 were crossover RCTs.  Eight9,15,28–33 trials involved patients with mean age below 60 years, and 
 three16–18 trials enrolled patients older than 60 years of age.  Two9,32 trials involved primary insomnia,  four16–18,28 
trials involved comorbid internal disorders, and  five15,29–31,33 trials involved comorbid psychiatric disorders. 
 Nine9,15,17,28–33 trials employed diagnosis by International standard criteria,  one16 trials by predefined criteria, 
and  one18 trials by insomnia symptoms. A blank control was selected for three  studies9,16,28, and a placebo control 
was selected for eight  studies15,17,18,29–33.

The daily dose of trazodone ranged from 25 to 400 mg. Among ten trials,  three16,30,33 trials reported progres-
sive doses (50–400 mg per day), and  eight9,15,17,18,28,29,31,32 trials reported a fixed dose of 100 mg, 50 mg, or 25 mg 
per day. The course of treatment ranged from 1 week to 3 months, with four  trials18,29,31,32 being reported for 1 
week and  six9,15–17,30,33 trials for 1 month or longer. Seven  trials9,15,17,29,31–33 referred to the management of the 
‘first night’ effect during polysomnography, while the other  four16,18,28,30 trials did not refer to it.  Two18,30trials 
reported data in both the median and mean,  nine9,15–17,28,29,31–33 trials only reported the mean ± standard devia-
tion, and standard deviations were absent from two studies’  data15,30.  Six15,17,18,29–31 trials reported sleep stages as 
percentages, and four  studies9,16,32,33 trials reported them in minutes. Table 1 summarizes these characteristics.

Outcomes. Forests plots and funnel plots are given in  Supplementary Information 3, and the results are 
summarized in tables.

Primary outcomes. The results were summarized and appear in Table 2. Compared with the control group, 
trazodone significantly increased TST (MD = 39.88, 95% CI 14.44–65.32, P = 0.002) and N3 (SMD = 1.61, 95% CI 
0.69–2.53, P = 0.0006); trazodone significantly decreased LPS (MD = − 19.30, 95% CI − 37.28 to − 1.32, P = 0.04), 
N1 (SMD = − 0.62, 95% CI − 1.13 to − 0.12, P = 0.02), NAs (SMD = − 0.67, 95% CI − 0.91 to − 0.42, P < 0.00001), 
and WASO (SMD = − 0.42, 95% CI − 0.81, − 0.03, P = 0.04). There was no obvious effect of trazodone on N2 
(SMD = − 0.15, 95% CI − 0.41 to 0.11, P = 0.25), REM (SMD = 0.22, 95% CI − 0.26 to 0.70, P = 0.37), SE (MD = 7.94, 
95% CI − 8.92 to 24.81, P = 0.36) or REML (MD = 2.33, 95% CI − 27.56 to 32.22, P = 0.88). The sedative effect of 
trazodone did not worsen AHI (MD = − 4.21, 95% CI − 14.02 to 5.59, P = 0.40).

https://gradeprofiler.software.informer.com/download/
https://gradeprofiler.software.informer.com/download/
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Sensitive analysis. No obvious heterogeneities were found in N2, REML, NAs, and WASO. Sensitivity 
analysis of the remaining PSG parameters indicated that the Zhang trial (2013)33 was the main heterogeneity 
source of SE (%), and LPS, the Stein trial (2012)15 was the main source of N1, and the Lanfang Cao trial (2018)16 
was the main source of REM. After elimination of related trial, heterogeneity decreased and the synthesized 
results were SE(I2 = 0%, MD = 1.32, 95% CI − 2.06 to 4.70, P = 0.44), LPS(I2 = 10%, MD = − 9.85, 95% CI − 15.34 to 
− 4.37, P = 0.0004), N1(I2 = 2%, SMD = − 0.86, 95% CI − 1.25 to − 0.46, P < 0.0001), and REM(I2 = 0%, SMD = 0.04, 
95% CI − 0.21 to 0.30, P = 0.73). Robustness of the synthesized results was well kept. The sensitivity analysis did 
not determine the main heterogeneity source of TST and N3. The heterogeneity of AHI was from the only trial 
that enrolled participants with comorbid obstructive sleep apnea (OSA)18. Considering the few studies that were 
included, a random effects model was directly applied to combine the effect size.

Subgroup analysis. The subgroups were divided according to the average age, the dosage, the course of 
medication, and the combination of therapies.

According to the average age of participants, subgroups were divided into mean age ≥ 60 years and < 60 years. 
Trazodone was effective in both subgroups and there was no statistically significant difference between the 

n1 refers to The first literature search results, from the inception to July 2021. 
n2 refers to the second search results from July 2021 to June 2022.

Records identified from:
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(n1 =3988; n2=363; n= 4351)
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Records removed before 
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Records marked as ineligible 
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Records removed for other 
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(n1 =1628; n2=256; n=1884)
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Figure 1.  Flow diagram of the study selection process. n1 refers to The first literature search results, from the 
inception to July 2021. n2 refers to the second search results from July 2021 to June 2022.
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Table 1.  Summary of the characteristics of the included studies. AHI apnea–hypopnea index, ArI arousal 
index, CBTI cognitive behavior therapy for insomnia, F female, LPS latency to onset of persistent sleep, M 
male, N1 non-rapid eye movement stage 1, N2 non-rapid eye movement stage 2, N3 non-rapid eye movement 
stage 3, NAs the number of awakenings, PSG polysomnography, PSQI Pittsburgh Sleep Quality Index, REM 
rapid eye movement, REML rapid eye movement latency, SD standard deviation, SE sleep efficiency, TST total 
sleep time, WASO wakefulness after persistent sleep onset.

Study

Sample size 
(experimental/
control) Sex (M/F)

Age 
(mean ± SD) Diagnosis

Intervention

Dosage Duration

Discontinuation 
(experimental/
control)

PSG 
outcomes

Adverse 
eventsExperimental Control

Cao et al.16 (36/37) 41/32 61.33 ± 2.82
Stroke and 
abnormal 
PSQI

Flupentixol-
Melitracen and 
trazodone

Flupentixol-
Melitracen

100–
400 mg/d 1 month 0/0 TST, N3, 

REM
Not men-
tioned

Zhang 
et al.33 (20/18) Not men-

tioned 45.7 ± 9.5
Insomnia 
with benzo-
diazepine-
dependence

Trazodone Placebo 50–
300 mg/d 3 months 0/2 TST, SE, 

LPS, N3
No adverse 
effects were 
found

Roth et al.32 (16/16) (8/24) 44 ± 11 Primary 
insomnia Trazodone Placebo 25 mg/d 1 week 0/0

SE, LPS, 
NAs, 
WASO, 
REM, N1, 
N2, N3, 
REML

Impaired 
next-day 
memory 
perfor-
mance, 
equilibrium, 
and muscle 
endurance

Le Bon 
et al.30 (8/8) (15/1) 43.8 ± 8.3

Insomnia 
with alcohol 
post-
withdrawal 
syndrome

Trazodone Placebo 50–
200 mg/d 1 month 1/1

TST, NAs, 
WASO, N3, 
REM, AHI, 
REML, 
NAs, ArI

Hangover, 
dizziness, 
headaches, 
and skin 
irritation

Haffmans 
and  Vos29 (3/4) Not men-

tioned 44
Sleep 
disorder 
induced by 
brofaromine

Trazodone Placebo 50 mg/d 1 week 0/0

TST, LPS, 
SE, NAs, 
REML, N1, 
N2, N3, 
REM

Not men-
tioned

Kaynak 
et al.31 (12/12) (0/24) 42 ± 9

Major 
depression 
comor-
bid with 
insomnia 
disorder

Trazodone Placebo 100 mg/d 1 week 0/0

TST, LPS, 
SE, NAs, 
REML, N1, 
N2, N3, 
REM

Mild and 
transient 
acid indiges-
tion, mild 
daytime 
sedation in 
the morning

Wang 
et al.17 (16/14) (15/15) 62.87 ± 11.94

Arte-
riosclerotic 
cerebral 
small vessel 
disease 
comor-
bid with 
chronic 
insomnia

Trazodone Placebo 50 mg/d 1 month 4/6

TST, LPS, 
SE, WASO, 
N1, N2, N3, 
REM, AHI, 
ArI

Insomnia 
dete-
rioration, 
akathisia, 
nausea, loss 
of appetite, 
dizziness, 
and head-
ache

Stein et al.15 (63/56) Not men-
tioned 38.2 ± 8.6

Sleep 
disturbance 
during 
methadone 
mainte-
nance

Trazodone Placebo 50 mg/d 1 month 5/7

TST, SE, 
WASO, N1, 
N2, N3, 
REM, AHI, 
ArI

Increased 
thirst or dry 
mouth and 
decreased 
appetite

Chen et al.18 (22/22) (24/20) 61.7 ± 10.6

Obstruc-
tive sleep 
apnea after 
ischemic 
stroke and 
insomnia 
symptoms

Trazodone Placebo 100 mg/d 1 week 2/2
SE, N3, 
REM, AHI, 
ArI

No obvious 
adverse 
effects

Zavesicka 
lucie et al.9 (10/10) (5/15) 47.4 ± 12.6 Primary 

insomnia
CBTI and 
trazodone CBTI 100 mg/d 2 months 0/0

TST, LPS, 
SE, WASO, 
N1, N2, N3, 
REM

Not men-
tioned

Li et a.l28 (31/32) (29/34) 55.31 ± 7.45

Chronic 
insomnia 
comorbid 
type 2 
diabetes

rTMS and 
trazodone rTMS 50 mg/d 2w 5/4 TST, LPS, 

NAs
Dizziness, 
headaches
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subgroups for the outcomes of TST (P2 = 0.81) and N3 (P2 = 0.72) (Table 3). Difference of age might not be the 
heterogeneity source of TST and N3.

According to the maximum daily dose of the drug, two subgroups were created, consisting of trazodone 
at ≥ 100 mg/day and ≤ 50 mg/day. High-dose trazodone was more effective than the control for decreasing N2 
(SMD = − 0.83, 95% CI − 1.45 to − 0.21, P = 0.009) and increasing N3 (SMD = 2.80, 95% CI 1.31–4.28, P = 0.0002), 
and the subgroup differences were significance (P2 = 0.02; P2 = 0.002). The high dose might be more optimal for 
increasing TST (MD = 49.48, 95% CI 13.24–85.72, P = 0.007), but there was no statistical difference between 
subgroups (P2 = 0.40). The high dose may be more effective for decreasing LPS (MD: = − 39.36, 95% CI − 40.64 
to − 38.09, P < 0.00001), and showed statistical difference between subgroups (P2 < 0.00001). The high dose was 
effective for decreasing N1 (SMD = − 1.04, 95% CI − 1.96 to − 0.11, P = 0.03), and there was no significant differ-
ence (P2 = 0.28) between the dose-subgroups. As for REM sleep, the dose level had no effect on it. Difference of 
dosage could be the heterogeneity source of LPS and N2. Due to the limited samples of the included literature, 
it is impossible to distinguish the difference between the gradually increasing dosage model and the fixed low-
dose model (Table 4).

According to the course of medication, subgroups were created consisting of a long-treatment group 
(≥ 1 month) and short-treatment group (1–2 weeks). Long-treatment increased TST (MD = 39.75, 95% CI 
4.34–75.17, P = 0.03), but the differences between subgroups were not significant (P2 = 0.88). Short and long 
courses were effective in decreasing LPS (MD = − 8.47, 95% CI − 12.49 to − 4.45, P < 0.0001; MD = − 17.60, 95% 
CI − 29.83 to − 5.36, P = 0.005) and increasing N3 (SMD = 1.27, 95% CI 0.39–2.16, P = 0.005; SMD = 2.57, 95% 
CI 0.88–4.26, P = 0.003), and no significant differences in LPS (P2 = 0.16) or N3 (P2 = 0.18) were found between 
subgroups. Short-treatment decreased N1 (SMD = − 1.04, 95% CI − 1.58 to − 0.50, P = 0.0002), and the differences 
between subgroups was significant (P2 = 0.009). The length of the treatment course had no effect on N2 or REM. 
The difference of course could be the heterogenity source of N1 (Table 5).

Analysis on combination with other therapies. Three  studies9,16,28 used trazodone in combination 
with other therapies. Leave-one-out were made in N1, N2, WASO and NAs, and the elimination of one relative 
trial (with a combination therapy) could not change the final results. Subgroup analysis were made in TST, LPS, 
REM and N3 between combination therapy subgroup and non-combination. Trazodone lost the effect to TST 

Table 2.  Summary of pooled effects of trazodone on PSG parameters for insomnia disorder (MDs or 
SMDs based on differences in values at follow-up). AHI apnea–hypopnea index, CI confidence interval, LPS 
latency to onset of persistent sleep, MD mean differences, N1 non-rapid eye movement stage 1, N2 non-
rapid eye movement stage 2, N3 non-rapid eye movement stage 3, NAs the number of awakenings, PSG 
polysomnography, REM rapid eye movement, REML rapid eye movement latency, SE sleep efficiency, SMD 
standardized mean differences, TST total sleep time, WASO wakefulness after persistent sleep onset. a SMD.

Outcomes Heterogeneity MD/SMD 95% CI Z P Egger’s test (P)

TST9,15–17,28,29,31,33 P < 0.00001; I2 = 82% 39.88 14.44, 65.32 3.07 0.002 0.328

SE (%)9,15,17,32,33 P < 0.00001; I2 = 98% 7.94  − 8.92, 24.81 0.92 0.36 0.144

LPS9,17,28,29,31–33 P < 0.00001; I2 = 97%  − 19.30  − 37.28, − 1.32 2.10 0.04 0.085

N19,15,17,29,31,32 P = 0.02; I2 = 62%  − 0.62a  − 1.13, − 0.12 2.42 0.02 0.066

N29,15,17,29,31,32 P = 0.28; I2 = 20%  − 0.15a  − 0.41, 0.11 1.15 0.25 0.185

N39,15–18,29,31–33 P < 0.00001; I2 = 93% 1.61a 0.69, 2.53 3.43 0.0006 0.043

REM9,15–17,29,31,32 P = 0.001; I2 = 73% 0.22a  − 0.26, 0.70 0.90 0.37 0.622

REML29,31,32 P = 0.54; I2 = 0% 2.33  − 27.56, 32.22 0.15 0.88 0.198

NAs15,17,28,29,31,32 P = 0.11; I2 = 44%  − 0.67a  − 0.91, − 0.42 5.31  < 0.00001 0.357

WASO9,17,29,30,32 P = 0.49; I2 = 0%  − 0.42a  − 0.81, − 0.03 2.09 0.04 0.609

AHI15,17,18 P = 0.10; I2 = 57%  − 4.21  − 14.02, 5.59 0.84 0.40 0.558

Table 3.  Subgroups based on the mean age of participants. CI confidence interval, MD mean differences, 
N3 non-rapid eye movement stage 3, P1 variation within the group, P2 differences between subgroups, SMD 
standardized mean differences, TST total sleep time. a SMD.

Outcomes Heterogeneity (I2) (%) MD/SMD 95% CI Z P1 P2

Mean age ≥ 60 years

TST16,17 0 42.74 23.05, 62.42 4.26  < 0.0001 0.81

N316–18 86 1.49a 0.45, 2.53 2.80 0.005 0.72

Mean age < 60 years

TST9,15,28,29,31 85 37.97 4.68, 71.25 2.24 0.03

N39,15,29,31–33 93 1.61a 0.69, 2.53 2.65 0.008
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in non-combination group compared with the combination group, but the differences between subgroups were 
not significant (P = 0.69). Trazodone lost the effect to LPS in both group and the subgroup difference was not 
significant (P = 0.97) either. Further, the subgroup analysis did not find any change of the results of REM and N3. 
Combination with other therapy was not found to be a source of heterogeneity from above analysis (Table 6).

Secondary outcomes. For adverse events, 5  studies15,17,28,30,31 reported both mild to moderate discomfort 
symptoms and the number of cases, but only  one17 study reported that two participants withdrew due to dis-
comfort after trazodone intake. The most common adverse events reported were daytime drowsiness, dizziness, 
headache, and decreased appetite. Daytime drowsiness (OR = 2.53, 95% CI 1.14–5.64, P = 0.02) and decreased 
appetite (OR = 2.81, 95% CI 1.14–6.92, P = 0.02) occurred more in the trazodone group than that which occurred 
in the control group, and the differences were significant. Additionally, there were no significant differences for 
headache (OR = 1.01, 95% CI 0.43–2.36, P = 0.99) or dizziness (OR = 2.10, 95% CI 1.00–4.41, P = 0.05).All eleven 
studies reported discontinuations for all causes. There was no significant difference between the trazodone and 
control groups in discontinuation for all causes (OR = 0.63, 95% CI 0.33–1.18, P = 0.15).

Funnel plots revealed asymmetry in TST, LPS, SE (%), N1 and N3 which suggest high posibility of publication 
bias. And then Publication bias tests were performed for every outcome by egger’s test (Table 2), and significant 

Table 4.  Subgroups based on the different dosages of trazodone. CI confidence interval, LPS latency to onset 
of persistent sleep, MD mean differences, N1 non-rapid eye movement stage 1, N2 non-rapid eye movement 
stage 2, N3 non-rapid eye movement stage 3, P1 variation within the group, P2 differences between subgroups, 
REM rapid eye movement, SMD standardized mean differences, TST total sleep time. a SMD.

Outcomes Heterogeneity (I2) (%) MD/SMD 95% CI Z P1 P2

Dosage ≥ 100 mg/d

TST9,16,31,33 86 49.48 13.24, 85.72 2.68 0.007 0.40

LPS9,31,33 0  − 39.36  − 40.64, − 38.09 60.57  < 0.00001  < 0.00001

N117,29 51  − 1.04a  − 1.96, − 0.11 2.19 0.03 0.28

N29,31 0  − 0.83a  − 1.45, − 0.21 2.61 0.009 0.02

N39,16,18,31,33 93 2.80a 1.31, 4.28 3.69 0.0002 0.002

REM9,31 86 0.39a  − 0.73, 1.50 0.68 0.49 0.60

Dosage ≤ 50 mg/d

TST15,17,28,29 73 25.62  − 15.90, 67.14 1.21 0.23

LPS17,28,29,32 4  − 9.02  − 12.88, − 5.16 4.58  < 0.00001

N19,15,31,32 56  − 0.44a  − 0.98, 0.10 1.59 0.11

N215,17,29,32 0  − 0.01a  − 0.30, 0.28 0.06 0.95

N315,17,29,32 34 0.33a  − 0.09, 0.75 1.52 0.13

REM15,17,29,32 0 0.08a  − 0.20, 0.36 0.57 0.57

Table 5.  Subgroups based on different treatment durations. CI confidence interval, LPS latency to onset of 
persistent sleep, MD mean differences, N1 non-rapid eye movement stage 1, N2 non-rapid eye movement stage 
2, N3 non-rapid eye movement stage 3, P1 variation within the group, P2 differences between subgroups, REM 
rapid eye movement, SMD standardized mean differences, TST total sleep time. a SMD.

Outcomes Heterogeneity (I2) (%) MD/SMD 95% CI Z P1 P2

Treatment duration (1 week)

TST28,29,31 72 35.24  − 14.00, 84.47 1.40 0.16 0.88

LPS28,29,31,32 0  − 8.47  − 12.49, − 4.45 4.13  < 0.0001 0.16

N129,31,32 35  − 1.04a  − 1.58, − 0.50 3.77 0.0002 0.009

N229,31,32 6  − 0.21a  − 0.72, 0.29 0.84 0.40 0.93

N318,29,31–33 80 1.27a 0.39, 2.16 2.82 0.005 0.18

REM29,31,32 0  − 0.03a  − 0.48, 0.42 0.13 0.90 0.43

Treatment duration (≥ 1 month)

TST9,15–17,33 87 39.75 4.34, 75.17 2.20 0.03

LPS9,17 28  − 17.60  − 29.83, − 5.36 2.82 0.005

N19,15,17 37  − 0.21a  − 0.52, 0.09 1.37 0.17

N29,15,17 51  − 0.25a  − 0.78, 0.27 0.94 0.35

N39,15–17,33 96 2.57a 0.88, 4.26 2.99 0.003

REM9,15–17 84 0.32a  − 0.41, 1.04 0.86 0.39
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statistical difference was only found in N3 (P = 0.043). However, the accuracy of publication bias test was ques-
tionable as the number of included trials in every outcome analysis did not exceed  ten34.

Quality assessment to risk of bias. The risk of bias was assessed by the Revised Cochrane risk-of-bias 
tool for randomized trials (RoB 2) for TST, LPS, NAs, WASO, N1, N3, REM and AHI. All eleven trials were 
included in. The overall risk of bias to TST was 3 low  risks15,29,31 and 5 some  concerns9,16,17,28,33, and overall 
to LPS was 3 low  risks29,31,32 and 4 some  concerns9,17,28,33 and overall to WASO was 2 low  risks29,32 and 3 some 
 concerns9,17,30, and overall to NAs was 4 low  risks15,29,31,32 and 2 some  concerns17,28, and overall to AHI was 2 low 
 risks15,18 and 1 some  concerns17, and overall to N1 was 4 low  risks15,29,31,32 and 2 some  concerns9,17, and overall to 
N3 was 5 low  risks15,18,29,31,32 and 4 some  concerns9,16,17,33, and overall to REM was 4 low  risks15,29,31,32 and 3 some 
 concerns9,16,17. None of outcomes was found high risk in overall assessment. The overview of quality assessment 
was given in  Supplementary Information 4.

Quality of evidence assessment by GRADE. The results of TST, LPS, NAs, WASO, AHI, N1, N3 and 
REM were assessed the quality of evidence by GRADE. The results qualities of TST, N3 and AHI were very low, 
and LPS, WASO and REM were low, and NAs and N1 were moderate. None of high quality evidence was found 
in above outcomes (Table 7).

Discussion
The present meta-analysis focused on the effect of trazodone on sleep architecture and found that trazodone 
could increase TST and reduce LPS, but has no effect on SE. It is mainly because trazodone may play a more 
important role in optimizing the internal structure of sleep, such as reducing N1 and NAs, and increasing 
N3. This effect has more advantages than the currently commonly used hypnotics, especially benzodiazepine 
sleeping aids. At present, it is believed that many hypnotics could reduce N3 and REM sleep, mainly increase N2 
sleep. And most of them have the risk of excessive morning sedation and damage cognitive  function35,36. However, 
some clinical studies have found that trazodone could improve the sleep of Alzheimer disease without affecting 
cognitive  function10,37,and trazodone had a negative effect on the ability to drive  vehicles32. The mechanism of 
trazodone improving sleep structure could be associated with blocking 5-HT2 serotonin receptors, H1 histamine 
receptors and alpha-1 adaptive  receptors38,39, while some hypnotics were agonists of gamma-aminobutyric acid 
GABAA  receptors40. In addition, some studies have found that antidepressants had effect on REM  sleep19,39, 
but the opposite conclusion was confirmed in our study. The reason may be that patients with depression have 
increased REM sleep and shortened  REML41, and most of the people included in this meta-analysis did not have 
the problem of comorbid depression. Therefore, the impact on REM and REML was not shown. Finally, although 
the sample size of AHI included in this study was limited, the current study revealed trazodone had a negative 
effect on AHI. One latest clinical study also found that trazodone reduces AHI and increases the awakening 
threshold of obstructive sleep apnea after ischemic  stroke18. It might be another advantage of Trazodone in 
clinical application as the higher prevalency of insomnia symptoms in patients with OSA (40–60%) compared 
to that observed in the general  population42. Further, it is worth discussing whether trazodone is more suitable 
for comorbid insomnia and OSA patients to improve their sleep quality or to improve their compliance with 
continuous positive airway pressure (CPAP) treatment.

Subgroup analyses were conducted according to the stratification of average age, dosage, course of treat-
ment, and whether combined with other therapy. It revealed that the dose of trazodone was the main source of 
heterogeneity for LPS. When it was more than 100 mg/d, it could better reduce LPS than the fixed low dose of 
25-50 mg/d. Therefore, for patients with difficulty in sleep initiation or patients with depression, a higher dose 

Table 6.  Analysis on combination with other therapies. MD mean differences, SMD standardized mean 
differences, TST total sleep time, LPS latency to onset of persistent sleep, N1 non-rapid eye movement stage 
1, N2 non-rapid eye movement stage 2, N3 non-rapid eye movement stage 3, REM rapid eye movement, NAs 
the number of awakenings, WASO wakefulness after persistent sleep onset, P1 variation within the group, P2 
differences between subgroups. a  SMD.

Outcomes

Combination therapy Non-combination therapy

P2I2 (%) MD/SMD P1 I2 (%) MD/SMD P1

Sensitivity analysis (Leave-one-out)

N19,15,17,29,31,32 62 − 0.62a 0.02 69 − 0.40a 0.005

N29,15,17,29,31,32 20 − 0.15a 0.25 0 − 0.08a 0.56

WASO9,17,29,30,32 0 − 0.42a 0.04 0 − 0.52a 0.02

NAs15,17,28,29,31,32 44 − 0.67a  < 0.00001 0 − 0.52a 0.0002

Subgroups analysis

TST9,15–17,28,29,31,33 68 44.08 0.002 85 33.36 0.14 0.69

LPS9,17,28,29,31–33 52 − 19.98 0.29 90 − 19.27 0.06 0.97

REM9,15–17,29,31,32 91 0.49a 0.59 0 0.09a 0.52 0.66

N39,15–18,29,31–33 50 2.17a  < 0.00001 92 1.43a 0.005 0.27
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might be more  reasonable35. Compared with the treatment course of more than 1 month, the treatment course 
of 1 week was better to reduce N1 sleep. It was suggested that the effect of trazodone may be reduced in long-
term application, which was similar to benzodiazepine receptor  agonists43. However, it may also be resulted 
from the trial of stein (2012)15 as it was found to be the source of N1’s heterogeneity, and once leave it out, the 
subgroup difference was not significant (P = 0.33). In recent years, many  studies19,36 have revealed the effect of 
other psychotropic drugs on the PSG results such as antidepressants, anticonvulsants, and antiepileptic drugs. 
Though it was not discussed enough on the safety, It is believed that such exploration has practical significance 
for the treatment of comorbid insomnia.

Our meta-analysis has several improvements and advantages compared to previous research. First, the results 
of a previous meta-analysis13 indicated that trazodone did not affect TST, LPS, or WASO. This inconsistency may 
be because the limitations of the included sample size in the previous meta-analysis were greatly affected by the 
results of Stein’s  study15 (accounting for 66% of the total included sample size). as enlarged in many more samples, 
the positive effects were revealed. Second, because the data were obtained from different types of sleep monitoring 
equipment, this might also affect the accuracy of the results. Our analysis was based on polysomnographic sleep 
data and revealed that trazodone impacted sleep architecture. Third, for adverse events, previous  study13 have 
reported no significant difference between the trazodone group and the placebo group, but our study revealed 
daytime drowsiness and decreased appetite were significant so that it should be used with caution for clinicians.

Overall, our meta-analysis indicated that the use of trazodone may be a potentially effective treatment in 
patients with insomnia disorder. These findings may provide references for accurate selection of patients, and 
also provide direction for future clinical research in exploring the appropriate population, dose, and treatment 
course for trazodone. However, limited by small sample sizes and participants, and the low quality of some 
included studies in our study, a larger sample and high quality RCTs on the treatment of trazodone in patients 
with insomnia disorder are still needed in the future.

Limitations. This meta-analysis had some limitations. First, while the heterogeneity of most analyses is 
explained, we still cannot explain the heterogeneity of a few analyses of outcomes due to the limited sample size. 
Second, trials with the combination of other therapy could be a problem in this meta-analysis as the possibil-
ity of interactions were found from subgroup analysis. Third, due to the limited samples and limited literature 
included, it was impossible to make more analysis on AHI, of which the recommendation for trazodone to 
improve insomnia in patients with OSA was very low. The last, the present study was not able to distinguish 
between the gradually increasing dosage model and the fixed low-dose model as sample limitation.

Table 7.  Study quality of evidence according to GRADE guideline. GRADE Grading of recommendations 
assessment, development and evaluation, MD Mean difference, SMD standardized mean difference, TST 
Total sleep time, LPS latency to onset of persistent sleep, WASO wakefulness after persistent sleep onset, AHI 
Apnea–hypopnea index, N1 non-rapid eye movement stage 1, N3 non-rapid eye movement stage 3, NAs the 
number of awakenings, REM Rapid eye movement sleep. a According to Revised Cochrane risk-of-bias tool 
for randomized trials (RoB 2), most studies included in this meta-analysis were evaluated to have significant 
risk of bias concerns. b Significant unexplained heterogeneity  (I2 = 82%). c Serious imprecision due to the 
small sample size (< 400 participants). d Significant heterogeneity  (I2 = 97%) can be explained by sensitive and 
subgroup analysis. e Moderate unexplained heterogeneity  (I2 = 57%). f Very serious imprecision due to the 
small sample size (< 400 participants) and wide confidence interval. g Moderate heterogeneity  (I2 = 62%) can be 
explained by sensitivity analysis. h Significant unexplained heterogeneity  (I2 = 93%). i Moderate heterogeneity 
 (I2 = 73%) can be explained by sensitivity analysis.

Outcomes
No of participants 
(studies) Risk with trazodone

Domain Certainty of the 
evidence (GRADE)Risk of bias Inconsistency Indirectness Imprecision Publication bias

TST9,15–17,28,29,31,33 374 (8 studies) MD 39.88 higher 
(14.44 to 65.32 higher) Seriousa Very  seriousb Not serious Seriousc None Very low

LPS9,17,28,29,31–33 214 (7 studies) MD 19.30 lower (37.28 
to 1.32 lower) Seriousa Not  seriousd Not serious Seriousc None Low

WASO9,17,29,30,32 105 (5 studies) SMD 0.42 lower (0.81 
to 0.03 lower) Seriousa Not serious Not serious Seriousc None Low

AHI15,17,18 193 (3 studies) MD 4.21 lower (14.02 
lower to 5.59 higher) Not serious Seriouse Not serious Very  seriousf None Very low

N19,15,17,29,31,32 232 (6 studies) SMD 0.62 lower (1.13 
to 0.12 lower) Not serious Not  seriousg Not serious Seriousc None Moderate

N39,15–18,29,31–33 387 (9 studies) SMD 1.61 higher (0.69 
to 2.53 higher) Not serious Very  serioush Not serious Seriousc None Very low

REM9,15–17,29,31,32 326 (7 studies) SMD 0.22 higher (0.26 
lower to 0.7 higher) Not serious Not  seriousi Not serious Very  seriousf None Low

NAs15,17,28,29,31,32 275 (6 studies) SMD 0.67 lower (0.91 
to 0.42 lower) Not serious Not serious Not serious Seriousc None Moderate
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Conclusion
Trazodone improved sleep by changing the sleep architecture in insomnia patients, increasing TST and N3 sleep, 
and decreasing LPS, N1, NAs and WASO, and there was no significant effect on N2, REML, REM, SE, or AHI. 
The recommendation of evidences were from very low to moderate. However, considering its potential adverse 
events such as daytime drowsiness and loss of appetite, trazodone should be used with caution.

Data availability
All data generated or analysed during this study are included in this published article and its supplementary 
information files.
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