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WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Selective serotonin reuptake inhibitors (SSRIs) are the most commonly 

prescribed antidepressants for depression treatment worldwide
 ⇒ In recent years, higher doses of SSRIs are being used to treat depression
 ⇒ It is unclear whether SSRIs show a dose- response effect for efficacy in 

depression treatment, and most clinical guidelines lack clarity regarding 
antidepressant dose- response effects

 ⇒ Use of higher SSRI doses could expose people to avoidable drug related 
harms without providing greater efficacy

WHAT THIS STUDY ADDS
 ⇒ Standard daily doses (20 mg citalopram, fluoxetine, paroxetine; 50 mg 

sertraline; and 10 mg escitalopram) provide a favourable balance between 
efficacy, acceptability, and tolerability, in the acute phase of treatment

 ⇒ Higher than standard daily doses were associated with higher dropout 
rates and a greater incidence of adverse drug effects (eg, nausea, sexual 
dysfunction, fatigue, anxiety)

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE, OR POLICY
 ⇒ There is a lack of primary studies assessing the dose- response effects in 

older adults who are commonly prescribed SSRIs
 ⇒ Routinely increasing SSRI doses for individuals not achieving satisfactory 

symptom resolution or remission does not appear to be supported by current 
evidence

 ⇒ Prescribers might find these findings of use when discussing antidepressant 
dose limitations and harms with patients

 ⇒ Clearer inclusion of antidepressant dose- response effects and efficacy 
limitations in clinical guidelines could help to better optimise outcomes 
while minimising avoidable drug related harms

ABSTRACT
OBJECTIVE To assess and clarify the relations 
between selective serotonin reuptake inhibitor 
(SSRI) dose efficacy, acceptability (early treatment 
discontinuation (dropouts)), and tolerability 
(reported adverse drug effects), and critically 
evaluate methods previously used to examine 
SSRI dose- response effects for the treatment of 
depression in adults.
DESIGN Systematic review of reviews and meta- 
narrative synthesis.
DATA SOURCES Embase, Medline, PsycINFO, 
Scopus, and the Cochrane Collaboration library, 
from 1975 to December 2021. Reference lists of 
national depression treatment guidelines were 
systemically searched by hand.
ELIGIBILITY CRITERIA FOR SELECTING 
STUDIES Reviews assessing SSRI monotherapy 
dose- response effects for the treatment of 

depression in adults (age ≥18 years) reporting 
efficacy, acceptability, or tolerability. Reviews 
meeting inclusion criteria had a high degree of 
heterogeneity, due to methodological diversity; 
therefore, a meta- narrative synthesis approach was 
applied. Standard daily doses were defined as 20 mg 
citalopram, fluoxetine, paroxetine; 50 mg sertraline; 
and 10 mg escitalopram. Risk of bias was assessed 
using the Risk of Bias in Systematic Reviews tool, in 
line with Cochrane recommendations.
RESULTS The search identified 9138 records; 
387 full text reports were assessed for eligibility, 
42 of which matched the inclusion criteria. The 
majority, 83% (n=35), of reviews included data for 
studies with a duration of ≤12 weeks (ie, the acute 
phase of depression treatment). Of 39 reviews 
assessing efficacy, the majority (n=26) indicated 
that individual SSRIs and SSRI class demonstrated 
flat dose- response effects; standard doses were 
optimal for efficacy. Acceptability or tolerability 
were assessed in 28 reviews. Higher than standard 
daily doses were associated with higher dropout 
rates and a greater incidence of adverse drug effects 
(eg, nausea, sexual dysfunction, fatigue, anxiety). 
Despite a range of methods being reported, there 
was an overall consensus regarding SSRI dose 
related efficacy, dropouts, and adverse drug effects.
CONCLUSION Standard daily doses of SSRIs for 
the treatment of depression in adults provide a 
favourable balance between efficacy, acceptability, 
and tolerability. Patients are encouraged to talk to 
their prescriber or community pharmacist if they 
experience adverse effects or have any concerns 
about their drug treatments.

Introduction
Selective serotonin reuptake inhibitors (SSRIs) are 
the most commonly prescribed antidepressants 
around the world, accounting for more than 50% of 
all antidepressant prescriptions.1–4 Most SSRIs are 
prescribed for the treatment of depression.5 6 Over 
recent years, use of higher than standard licensed 
SSRI doses for depression treatment has increased in 
UK primary care and elsewhere.5 7–9

SSRIs exert their effects via serotonin reuptake 
inhibition, and have a hyperbolic association 
between dose, transporter occupancy, and plasma 
concentration with SSRI doses of 20 mg citalo-
pram, fluoxetine, paroxetine; 50 mg sertraline; and 
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10 mg escitalopram; with daily doses providing 
optimal receptor occupancy and serotonin 
effects.10 Therefore, the theoretical rationale for 
increasing standard daily doses of SSRIs for indi-
viduals not achieving satisfactory symptom reso-
lution or remission are scarce. Conversely, tricyclic 
antidepressants and serotonin and noradrenaline 
(norepinephrine) reuptake inhibitors (SNRIs) have 
shown serotonin, norepinephrine, and dopamine 
effects as doses are increased.11 12 For example, 
venlafaxine shows predominantly serotonin 
effects at doses <150 mg per day, with norepi-
nephrine effects becoming clinically significant 
from ≥150- 225 mg per day, and dopamine reup-
take inhibition from >225 mg per day.12 Therefore, 
tricylic antidepressants and SNRIs demonstrate 
dose- response effects for efficacy owing to their 
multiple receptor effects with higher doses being 
more effective where they are tolerated.13 14

Over the past 20 years numerous reviews have 
assessed antidepressant efficacy,15 16 17 however, 
few have assessed dose- response effects. These 
reviews have shown a mixed picture—some have 
indicated that higher than standard initiating 
doses are more efficacious,18 19 while others have 
refuted this finding,13 20 demonstrated mixed 
effects,21 or remained ambiguous.22 In part, some 
of these differences in findings might be due to 
newer analytical methods being more compre-
hensive and robust; but newer reviews also show 
mixed findings.18–20 23 However, some reviews 
agree that higher doses are associated with more 
adverse drug effects.13 19 21–23

This ambiguity regarding SSRI dose- response 
and efficacy feeds into national guidelines for 
depression treatment in Europe, North America, 
and Australasia, where few highlight the possible 
limitations of increasing SSRI doses,24 25 and 
lack clarity (see online supplemental table 
S1).26 27 28 Clinicians might therefore decide 
to increase SSRI doses routinely, and while 
in part this increase could be due to the doses 
used in clinical trials and different prescribing 
cultures (ie, higher SSRI doses more commonly 
prescribed in North American trials compared 
with European studies29 30), it might also be 
in response to some patients’ expectations of 
higher doses being more effective.31 However, 
whether increasing SSRIs doses provides greater 
efficacy for the treatment of depression remains 
unclear. Therefore, this systematic literature 
review of reviews aimed to assess and clarify 
the relation between SSRI dose for efficacy 
(response and/or remission), acceptability 
(early treatment discontinuation—dropouts) 
and tolerability (reported adverse drug effects), 
and critically evaluate the methods previously 
used to examine SSRI dose- response effects for 
the treatment of depression in adults.

Methods
Study design
Recommendations from the Cochrane Handbook 
for Systematic Reviews of Interventions informed 
the design of this systematic review.32 This system-
atic review was conducted according to the PRISMA 
(preferred reporting items for systematic reviews and 
meta- analyses) 2020 checklist.33 The publicly avail-
able protocol for this review of reviews is available on 
the institutional website of University of Stirling (http:// 
hdl.handle.net/1893/33209). Previous reviews have 
applied a diverse range of review methodologies to 
assess SSRI dose- response effects; therefore, we applied 
a meta- narrative synthesis approach for this review of 
reviews.

This systematic meta- narrative synthesis is 
reported in compliance with PRISMA and RAMESES 
(realist and meta- narrative evidence syntheses: 
evolving standards).33 34 The updated PRISMA flow 
chart was used to outline study selection process 
used to identify reviews which met the inclusion 
criteria.33 A meta- narrative review is a method of 
systematic review, designed for topics that have been 
conceptualised differently and studied by different 
groups of researchers. A meta- narrative synthesis 
brings together the studies that have been differently 
conceptualised by different researchers.34

Search strategy and criteria of eligibility and 
inclusion
The inclusion criteria for this systematic review and 
synthesis are presented according to PICOS (popula-
tion, intervention, comparator, outcomes, study design) 
criteria (table 1).

Population
We included literature reviews for adults aged ≥18 
years with depression. Depression was used as 

Table 1 | PICOS inclusion criteria
PICOS 
category Inclusion criteria

Population  ► Adults aged ≥18 years
 ► Major depressive disorder

Intervention  ► Monotherapy
 ► Selective serotonin reuptake inhibitors: 

escitalopram, citalopram, fluoxetine, fluvoxamine, 
paroxetine, and sertraline

Comparison  ► Placebo
 ► Selective serotonin reuptake inhibitors

Outcomes  ► Antidepressant response
 ► Efficacy: reduction in depression signs and 

symptoms
 ► Acceptability: early treatment discontinuation
 ► Tolerability: any reported adverse drug effects

Study design  ► Dose- response
 ► Review
 ► Narrative review
 ► Systematic review
 ► Meta- analysis
 ► Meta- regression
 ► Network meta- analysis

PICOS = population, intervention, comparator, outcomes, study design.
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the common summary term that included: major 
depressive disorder, unipolar depression, depres-
sive disorder, endogenous depression, and organic 
depression. Diagnostic criteria and severity of 
depression were not defined because primary studies 
were not being assessed. We considered a broad age 
range appropriate owing to the common trend of 
ageing populations across westernised societies, and 
about 20% of older adults (aged ≥65 years) receiving 
antidepressants in the UK and US.1 4 35

We excluded reviews of children and adolescents 
aged <18 years with depression, because this cohort 
is not routinely treated in primary care by general 
practitioners and have variable response rates to 
antidepressants.36 Reviews including older people 
with dementia were excluded because antidepres-
sants have questionable benefits for depressive 
symptoms in this cohort.37 Additionally, owing to 
differences in disorder causes, bidirectional effects 
between depression and comorbidities, and previous 
evidence of treatment resistance, we excluded the 
following criteria: treatment resistant depression, 
depression during pregnancy, perinatal depression, 
postnatal depression, bipolar disorder, concomi-
tant psychiatric disorders, people who use drugs, 
concomitant opioid replacement treatment, or 
specific comorbidities (eg, diabetes, post- myocardial 
infarction).38–41

Interventions and comparators
Reviews assessing SSRI monotherapy for the 
treatment of depression for all licensed SSRIs 
were included: citalopram, escitalopram, fluoxe-
tine, fluvoxamine, paroxetine, and sertraline. The 
SSRI zimelidine was not included because it has 
been withdrawn from the market, owing to its use 
being associated with Guillain- Barré syndrome.42 
Antidepressants outside the SSRI class with novel 
serotonin or mixed receptor effects were excluded: 
vortioxetine is a direct modulator of serotonergic 
receptor activity and inhibitor of serotonin reup-
take; vilazodone has mixed SSRI and buspirone- like 
activity; the SNRIs venlafaxine and duloxetine; the 
tricyclic antidepressant clomipramine; and bupro-
pion and agomelatine.43–45

Reviews examining combination treatments (using 
two or more antidepressants; psychotropic and non- 
psychotropic medicine augmentation strategies; 
antidepressant with psychotherapies; and switching 
antidepressants) were excluded because these strate-
gies can be more effective than monotherapy and can 
be reserved for treatment resistant depression.24–28 
Most national guidelines24–28 and drug licenses 
recommend standard starting doses,43 which are 
routinely prescribed in practice,5 9 46 47 and repre-
sent standardised defined daily doses as defined by 
the World Health Organization.48 It was therefore 
considered appropriate to assess baseline standard-
ised comparator dose effects against placebo and 

higher SSRI doses, but owing to the range of meth-
odologies and reporting methods, it was not possible 
to summarise the magnitude of effects using defined 
daily doses.

Outcomes
These outcomes were defined as dose- response 
effects for efficacy, acceptability, tolerability. Efficacy 
was defined as a response to antidepressant treat-
ment, which is routinely defined as a ≥50% reduc-
tion in observer rated depression severity rating 
scales such as the Hamilton depression rating scale, 
Montgomery-Ǻsberg depression rating scale, or Beck 
depression inventory,26 or remission. Acceptability 
was defined as early treatment discontinuation 
(dropout) or non- completion of the study. Tolerability 
was defined as patients experiencing reported 
adverse drug effects including death, suicidality, 
and effects relating to major organ systems (cardi-
ovascular system (eg, arrhythmias, QTc prolonga-
tion); central nervous system (eg, headache, anxiety, 
insomnia, hypersomnia); dermatological; endocrine 
system; ear; eye; gastrointestinal; genital urinary 
and reproductive; haematological; musculoskeletal; 
respiratory; and other non- categorical adverse drug 
effects).

Review design and setting
Reviews assessing dose- response effects for oral SSRI 
use in human adults for the treatment of moderate 
to severe depression were included. Data from the 
following study designs were included: pooled data, 
systematic literature, narrative, meta- analysis, meta- 
regression, or network meta- analysis. Data from 
primary and secondary care were included—although 
currently most antidepressants are prescribed in 
primary care to treat depression, a large proportion 
of the initial randomised controlled trials that inform 
current practice were based in secondary care inpa-
tient or outpatient settings, not general practice. The 
duration of treatment was not defined in order to 
capture information regarding short and long term 
use and potential dose- response effects at different 
periods of depression treatment.

Information sources and literature search
We searched Embase, Medline, PsycINFO, Scopus, 
and Cochrane Collaboration library electronic data-
bases. Reference lists of national and international 
depression treatment guidelines were searched by 
hand to identify previous reviews.24–28 Reference 
lists of editorials, commentaries, and letters iden-
tified from the electronic database searches were 
also searched for previous reviews. We searched 
for reviews or meta- analysis for all licensed SSRIs 
(citalopram, escitalopram, fluoxetine, fluvoxamine, 
paroxetine, and sertraline) as monotherapy for 
the treatment of major depressive disorder. Key 
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search terms included “systematic review,” “meta- 
analysis,” “dose- response relationship,” “dose- 
response,” “antidepressant$,” “antidepressive 
agent$,” “citalopram,” “escitalopram,” “fluoxetine,” 
“fluvoxamine,” “paroxetine,” “sertraline,” “sero-
tonin uptake inhibitor$,” “serotonin reuptake inhib-
itor$,” “SSRI,” “depression,” “depressive disorder,” 
“depressive disorder major,” “unipolar depression,” 
“major depressive disorder,” and “human” (online 
supplemental file 1).

Studies on fluoxetine were first published in the 
mid- 1970s; the SSRI that has been available on the 
market for the longest period.49 Therefore, 1975 
was used as the start date until the end of December 
2021. Reviews were limited to English language.

Literature inclusion process and data extraction
Article titles and abstracts were screened for inclu-
sion. Subsequently, potentially relevant full text arti-
cles from the literature search were then screened for 
inclusion by a structured process and standard terms 
supporting inclusion and exclusion. Studies that did 
not meet the criteria outlined above were excluded.

We extracted the following data for each review 
article using a standardised data collection form 
specifically designed and tested for this systematic 
review: review characteristics (eg, lead author, type 
of review, protocol driven review, patient level data 
or not, type of depression being treated, review 
setting in primary or secondary care), antidepressant 
and comparator information (eg, SSRI used, fixed or 
flexible dose study, placebo controlled, dose stand-
ardisation technique, treatment duration), and dose- 
response effects (eg, efficacy, dropouts, and adverse 
drug effects).

Risk-of-bias assessment
Each review article was assessed according to the 
ROBIS (risk of bias in systematic reviews) tool,50 in 
line with Cochrane recommendations.32 Reviews 
were assessed by CFJ using ROBIS and checked by 
SM. The ROBIS tool has been specifically developed 
and designed to assess reviews within healthcare 
settings, and has three phases: assessment of rele-
vance, identification of concerns with the review 
process, and judgment of risk of bias. The second 
phase covers four domains: study eligibility criteria, 
identification and selection of studies, data collec-
tion and study appraisal, and synthesis of findings. 
The third phase assesses overall risk of bias (low, 
high, unclear) from interpretation of review findings, 
and considers limitations identified in any of the 
domains in the second phase.50

No consensus exists on how best to assess and 
deal with overlap (ie, duplication), where primary 
studies are included more than once across two or 
more reviews that might bias findings; although a 
range of methods have been applied (such as only 
including meta- analysis or reviews assessed as 

being at low risk of bias), these could lead to loss 
of information.51–53 In order to avoid loss of infor-
mation, and to demonstrate the diversity of reviews 
that met inclusion criteria, we conducted a sub 
analysis assessing the corrected covered area (CCA) 
for reviews assessed as being at low risk of bias. A 
citation matrix and pairwise CCA were calculated 
and tabulated according to Cochrane guidance.53 54 
Grading was applied, as previously defined by Pieper 
et al.53 Similarly, no consensus exists regarding 
sensitivity analysis and how best assess sensitivity 
of findings; therefore, findings from the CCA analysis 
were analysed to identify discordant review findings 
and assess differences.52

No consensus exists on how best to assess and 
present data on the quality of primary studies.52 
Therefore, for reviews assessed as being at lower risk 
of bias, we determined the methodological quality of 
the primary studies using the review authors’ orig-
inal assessment of risk of bias by domains. Primary 
studies were classified as having low risk of bias if 
none of the domains was rated as high risk of bias 
and three or less were rated as unclear risk; they 
were classified as having moderate risk of bias if 
one or none was rated as high risk of bias but four or 
more were rated as unclear risk; and all other cases 
were assumed to relate to a high risk of bias.55 We 
then identified overall primary study quality, across 
the reviews at low risk of bias, by applying the most 
frequent quality assessment rating (eg, for three 
reviews rating a primary study as high, high, and 
low risk of bias, the study was recorded as high); 
for primary studies included in two reviews that did 
not agree on rating, the lower assessment rating was 
applied (eg, with a high and moderate risk of bias, 
the study was recorded as high).

Data analysis, synthesis, and ethics
In view of the heterogeneity of primary reviews, 
owing mainly to methodological diversity (ie, narra-
tive, meta- analysis, network meta- analysis, meta- 
regression), it was considered appropriate to apply 
a meta- narrative synthesis approach.34 Tables were 
used to summarise the population, interventions, 
and outcomes of interest.

Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of 
this research, owing to the lack of resources to enable 
such involvement.

Results
Dose-response effects of selective serotonin 
reuptake inhibitors
A total of 9138 records were identified from elec-
tronic search, hand searching reference lists, and 
grey literature. We assessed 387 full text reports for 
eligibility, and 42 reviews based on published and 
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unpublished reviews matched the inclusion criteria: 
25 assessed SSRI efficacy, adverse drug effects, and 
dropouts; 14 assessed SSRI efficacy only; and three 
assessed adverse drugs effects and dropouts only 
(figure 1). The year of publication ranged from 1988 
to 2021. A range of review methods were used: 60% 
(n=25) were meta- analyses (14 systematic reviews, 
seven non- systematic reviews, and four reviews 
using pooled study data) and 40% (n=17) were 
narrative reviews (including three that reported 
to have systematically identified primary studies, 
and eight that had included a mix of primary and 
secondary studies (meta- analysis and/or narrative 
reviews); table 2 and online supplemental table S2).

Of the 42 reviews identified, 83% (n=35) included 
data from studies for 12 weeks or less (the acute 
phase of depression treatment), whereas five did not 
define the treatment period and two lacked greater 

detail. Four reviews considered the continuation 
phase and relapse prevention, but did not report 
on dose- response effects during the continuation 
phase.56–59 The care setting also varied; 17% (n=7) of 
reviews reported to have included data from studies 
conducted in primary care (general practice or outpa-
tient clinics), 26% (n=11) included data from studies 
conducted in both primary and secondary care, 
whereas 57% (n=24) did not define the care setting.

Efficacy
The majority of reviews, 93% (n=39), assessed SSRI 
dose- response effects for the treatment of depression 
(table  2). Most reviews (n=26) indicated that the 
SSRI class of antidepressant demonstrated flat dose- 
response effects for the acute phase of treatment of 
depression; higher than standard daily doses did 
not provide greater efficacy.13 20 56 57 59–80 A minority 

Figure 1 | Review identification, inclusion, and exclusion. *Total records identified include combined records from Embase, Medline, and PsychInfo 
(n=8728), plus those from Scopus and Cochrane. †Number of records listed are those identified from each database (rather than the total number 
across all databases). ‡No automated tools used, as per PRISMA 2020 guideline. SSRI=selective serotonin reuptake inhibitors; ADE=adverse drug 
effect
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Table 2 | Efficacy, dropouts (acceptability), and adverse effects (tolerability) of eligible reviews investigating dose- response effects of selective 
serotonin reuptake inhibitor monotherapy for the treatment of depression

Review author and 
year

No of primary 
studies

Review 
design Efficacy and dose*

Dropouts and 
adverse drug 
effects* Dose standardisation

Study duration
(range)

Risk of bias 
in review

Braun 202060 33 SR MA, 
network MA

↔︎ SSRI grouped
↔︎ citalopram, escitalopram, fluoxetine, fluvoxamine, 
paroxetine, sertraline

↑ SSRI grouped Low, medium, high 6 (2- 12) weeks Low

Cheng 202061 115 Model based 
MA

↔︎ citalopram, escitalopram, fluoxetine, fluvoxamine, 
paroxetine, sertraline

NA Fluoxetine dose equivalents 4- 12 weeks Low

Dold 201762 5 SR MA, MR ↔︎ fluoxetine, paroxetine, sertraline ↑ fluoxetine Fluoxetine 20 mg/day, paroxetine 
20 mg/day, and sertraline 50 mg/day v 
higher doses

5 (3- 8) weeks Low

Furukawa 201923 66 SR MA ↑ SSRI grouped (to 40 mg/day)
↑ citalopram (to 30 mg/day); ↔︎ escitalopram, fluoxe-
tine, paroxetine; ∩ sertraline

↑ Fluoxetine dose equivalents 8 (4- 12) weeks Low

Furukawa 202063 108 SR MA ↔︎ SSRI grouped
↔︎ citalopram, escitalopram, fluoxetine, paroxetine, 
sertraline

↑ flexible dose Fluoxetine dose equivalents 7 (4- 12) weeks Low

Benkert 199664 7 (+7 
reviews)

Narrative 
review

↔︎ citalopram, fluoxetine, fluvoxamine, paroxetine, 
sertraline

NA Actual doses from other reviews Not defined Unclear

Dunner 199256 Pooled
(n=460)

Pooled SKB 
data

↔︎ paroxetine NA Paroxetine dose Acute phase ≤6 
weeks; long term 
phase 52 weeks

Unclear

Gutsmiedl 202065 44 SR MA, MR ↔︎ SSRIs and non- SSRIs grouped NA Fluoxetine dose equivalents 9 (4- 26) weeks Unclear

Hamza 202181 60 MA SSRI grouped (↑ to 40 mg/day),
↑ citalopram (to 30 mg/day), paroxetine (to 40mg/day), 
sertraline (to 75 mg/day), ↔︎ escitalopram, fluoxetine

NA Fluoxetine dose equivalents: individual 
drug effects reported as fluoxetine dose 
equivalents and not actual drug doses

8 (4- 12) weeks Unclear

Khan 200366 36 FDA submis-
sions, MA

↔︎ SSRIs and non- SSRIs grouped ↑ SSRI study doses used 6- 8 weeks Unclear

Klemp 201167 26 SR, MR ↔︎ paroxetine NA Paroxetine dose 8 (6- 56) weeks Unclear

Montgomery 
199557

1 Narrative 
review

↔︎ sertraline ↑ Sertraline dose Acute phase 6- 8 
weeks; long term 
phase 44 weeks

Unclear

Murdoch 200588 Pooled
(n=1307)

Pooled
Lundbeck 
Forrest data

NA ↑ escitalopram Escitalopram dose Not defined Unclear

Preskorn 199568 3 Narrative 
review

↔︎ sertraline ↑ Sertraline dose ≤8 weeks Unclear

Purgato 201569 173 SR, MR ↔︎ fluoxetine NA Mean doses poorly reported. Minimum 
and maximum doses (mg), expressed 
as multiples of defined daily doses. Pre-
scribed study doses were then divided by 
define daily doses and grouped as ≤20 
or 20- 80 mg/day

Majority ≤6 
weeks

Unclear

Safer 201620 33 Narrative 
review

↔︎ SSRIs and non- SSRIs grouped
↔︎ citalopram, escitalopram, fluoxetine, fluvoxamine, 
paroxetine, sertraline

↑ SSRI dose 8- 28 weeks Unclear

Tan 199958 2 (+1 
reviews)

Narrative 
review

? citalopram ↑ Citalopram dose 6 (3- 24) weeks Unclear

Vaswani 200370 3 (+5 
reviews)

Narrative 
review

↑ citalopram (to 40 mg/day)
↔︎ fluoxetine, fluvoxamine, paroxetine, sertraline

↑ Not defined Not defined Unclear

Adli 200513 12 SR, narrative 
review

↑ fluvoxamine ↔︎ citalopram, fluoxetine, paroxetine, 
sertraline

↑ SSRI dose 4- 8 weeks High

Altamura 198871 2 Narrative 
review

↔︎ fluoxetine ↑ Fluoxetine dose 6 weeks High

Baker 200322 4 SR MA ? fluoxetine, paroxetine, sertraline ↑ Low, medium, high. No clear definition ≤8 weeks High

Barbui 200282 103 SR MA ↑ fluoxetine ↑ 20- 30, >30 mg/day; dose range 20- 
40 and >40 mg/day

≤9 weeks High

Beasley 199072 Pooled
(n=669)

Pooled ↔︎ fluoxetine ↑ Fluoxetine dose ≤8 weeks High

Beasley 199389 3 Narrative 
review

NA Fluoxetine: ↑ 
anxiety, agita-
tion, insomnia, 
drowsiness, 
asthenia

Not defined 6 weeks High

Berney 200573 14 (+4 
reviews)

Narrative 
review

↔︎ citalopram, escitalopram, fluoxetine, paroxetine, 
sertraline
? fluvoxamine

↑ fluoxetine, 
sertraline

SSRI dose 6- 8 weeks High

Bollini 199921 33 SR MA ∩ SSRIs and non- SSRIs grouped ↑ Imipramine dose equivalents 6 (4- 24) weeks High

Caley 200286 5 (+7 
reviews)

Narrative 
review

↑ citalopram; ∩ fluvoxamine; ↔︎ fluoxetine, sertraline; 
? paroxetine

↑ SSRI dose 4- 6 weeks High

Continued
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(n=8) demonstrated that higher doses were more effi-
cacious,18 19 23 81–85 while others (n=3) showed mixed 
effects,21 86 87 or remained ambiguous.22 58

At an individual SSRI level, most reviews also 
demonstrated flat dose- response effects for effi-
cacy; standard daily starting doses were the optimal 
doses: 20 mg citalopram, 10 mg escitalopram, 20 mg 
fluoxetine, 20 mg paroxetine, and 50 mg sertraline 
(table 3).13 20 23 56 57 59–64 67 68 70–73 75–80 82 86 A minority 
of reviews however, indicated that some SSRIs 
did have linear dose- response effects with higher 
doses being more effective, for example, escitalo-
pram87; citalopram (eg, up to 30 mg/day18 23 81 85 86); 
fluoxetine82 87; fluvoxamine13; paroxetine18 81; and 
sertraline.18 Other reviews indicated mixed curvy 
linear efficacy with increasing doses for fluvox-
amine86 and sertraline.23 81 All curvy linear efficacy 
responses were characterised by having an initial 
increase, a peak, and and then a decline in efficacy 
with increasing dose.

Blood plasma concentrations of fluoxetine, fluvox-
amine, and paroxetine were assessed in associa-
tion with response rates to depression treatment. 
We found no correlation between blood plasma 

concentrations and individual responses to treat-
ment, regardless of the severity of depression.70 72

Six reviews compared the efficacy of fixed daily 
doses with flexible dose regimens for individuals 
not achieving satisfactory symptom resolution or 
remission (two narrative reviews73 80 and four meta- 
analyses62 63 66 87). All reviews demonstrated that use 
of flexible dose titration for these individuals did not 
provide greater efficacy.

Acceptability and tolerability
Of the 42 reviews, 28 (67%) assessed and reported 
the dose- response effects related to acceptability 
(early treatment discontinuation—dropouts) and 
tolerability (reported adverse drug effects). All 
reviews demonstrated that dropouts and adverse 
drug effects increased with increasing dose (table 2).

At a class and individual SSRI level, the 
following adverse drug effects were associated 
with (but not limited to) dose- response effects: 
nausea, sexual dysfunction, fatigue, anxiety, and 
insomnia.13 20–23 57 58 60 63 68 70–73 75 77 82 85 86 88–90 A 
network meta- analysis identified escitalopram as 
potentially providing the optimal balance between 

Review author and 
year

No of primary 
studies

Review 
design Efficacy and dose*

Dropouts and 
adverse drug 
effects* Dose standardisation

Study duration
(range)

Risk of bias 
in review

Corruble 200074 10 (+6 
reviews)

SR, narrative 
review

↔︎ SSRI grouped NA SSRI dose 4- 8 weeks High

Hansen 200983 74 SR MA, MR ↑ SSRIs and non- SSRIs grouped NA Licensed dose range (eg, fluoxetine: low 
<45 mg/day, high >45 mg/day)

7 (6- 24) weeks High

Hieronymus 201618 11 MA,
industry data

↑ citalopram, paroxetine, sertraline NA Patient level doses ≤6 weeks High

Holper 202087 153 Network MA ↑ escitalopram, fluoxetine
↔︎ citalopram, paroxetine

↑ (age 
≤70 years); ↑↑ 
(age >70 years)

Fluoxetine dose equivalents 4- 12 weeks High

Jakubovski 201619 40 SR MA ↑ SSRIs grouped ↑ Imipramine dose equivalents 6 (4- 24) weeks High

Jenner 199275 Pooled
(n=4668)

Pooled SKB 
data

↔︎ paroxetine ↑ Paroxetine dose 6 weeks 
(≤2 year)

High

Lam 200676 3 MA of Lund-
beck data

↔︎ escitalopram NA Escitalopram dose 8 weeks High

Lane 199577 4 (+2 
reviews)

Narrative 
review

↔︎ citalopram, fluoxetine, paroxetine, sertraline ↑ Not defined Not defined High

Montgomery 
199478

9 MA ↔︎ citalopram NA Citalopram dose 4- 6 weeks High

Montgomery 
199559

2 (+2 
reviews)

Narrative 
review

↔︎ citalopram NA Citalopram dose ≤24 weeks High

Oliva90 Not defined SR MA NA ↑ nausea 
and vomiting, 
citalopram, 
escitalopram

Low v high dose 6- 12 weeks High

Papakostas 201084 9 SR MA ↑ SSRIs grouped ↑ Usual (10 mg/day: escitalopram, citalo-
pram; 20 mg/day: fluoxetine, paroxetine, 
sertraline; 50 mg/day: fluvoxamine), 
intermediate, double usual dose, and 
higher

6 weeks High

Parker 200085 1 (+1 review) Narrative 
review

↑ citalopram ↑ Citalopram dose 4- 6 weeks High

Rifkin 199779 4 Narrative 
review

↔︎ fluoxetine, paroxetine, sertraline NA SSRI dose Not defined High

Ruhe 200680 8 SR, narrative 
review

↔︎ fluoxetine, paroxetine, sertraline ↑ SSRI dose 8 (3- 12) weeks High

Reviews in this table are ranked by assessed risk of bias (last column), and then alphabetically by author (first column). SSRI=selective serotonin reuptake inhibitor; SR=systematic review; MA=meta- analysis; MR=meta- 
regression; SKB=SmithKline Beecham; FDA=federal drug agency; NA=not assessed; acute=acute phase of depression treatment; long term=long term phase of depression treatment.
*Drug response effects are indicated as ↑ (increased), ↑↑ (marked increase), ↔︎ (flat), ∩ (curvy linear), or ? (unclear).

Table 2 Continued
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efficacy and tolerability.87 However, this study 
considered that escitalopram doses up to 27 mg/day 
might be more effective, and all SSRIs demonstrated 
a poor risk- benefit ratio for older adults (age >70 
years old) owing to adverse effects exceeding poten-
tial efficacy.

In the six reviews comparing flexible upward dose 
titration with maintenance dose for individuals not 
achieving satisfactory symptom resolution or remis-
sion, researchers also demonstrated that higher 
doses were associated with poorer acceptability and 
tolerability.62 63 66 73 80 87

Risk of bias
The assessment revealed that the minority (12%, 
n=5) of reviews were at low risk of bias (table 2, 
figure  2 and online supplemental table S3).23 60–63 
Four reviews demonstrated a flat dose- response 
effect for efficacy, and a positive dose- response 
effect for adverse drug effects and dropouts for all 
SSRIs.60–63 One review, however, indicated that 

citalopram demonstrated efficacy dose- response 
to 30 mg/day, and sertraline showed curvy- linear 
effects peaking at about 75 mg/day.23 Thirteen (31%) 
reviews were assessed as having an unclear risk of 
bias, whereas the majority (57%) had a high risk of 
bias that was mainly associated with a range of meth-
odological issues.

Overlap assessment of primary studies across the 
five reviews at low risk of bias was very high, with a 
CCA of 26%.23 60–63 Pairwise overlap assessment indi-
cated that one review demonstrated slight overlap 
(≤5%), whereas the reviews by Cheng et al 2020 and 
Furukawa et al 2019 and 2020 demonstrated high to 
very high overlap (figure  3). However, Furukawa et 
al (2019)23 found that the optimal daily dose ranged 
between 20 mg and 40 mg fluoxetine equivalents, 
and citalopram up to 30 mg daily, which was at odds 
with the majority of reviews showing that 20 mg 
fluoxetine equivalents were optimal doses at a class 
and individual drug level.60–63

Table 3 | Efficacy dose- response effects by individual selective serotonin reuptake inhibitor*
Study Design Citalopram Escitalopram Fluoxetine Fluvoxamine Paroxetine Sertraline Risk of bias in review

Braun 202060 SR MA ↔︎ ↔︎ ↔︎ ↔︎ ↔︎ ↔︎ Low
Cheng 202061 Model based MA ↔︎ ↔︎ ↔︎ ↔︎ ↔︎ ↔︎ Low
Furukawa 201923 SR MA ↑ ↔︎ ↔︎ ↔︎ ∩ Low
Furukawa 202063 SR MA ↔︎ ↔︎ ↔︎ ↔︎ ↔︎ Low
Dold 201762 SR MA ↔︎ ↔︎ ↔︎ Low
Benkert 199664 Narrative review ↔︎ ↔︎ ↔︎ ↔︎ ↔︎ Unclear
Safer 201620 Narrative review ↔︎ ↔︎ ↔︎ ↔︎ ↔︎ ↔︎ Unclear
Hamza 202181 MA ↑ ↔︎ ↔︎ ↑ ↑ Unclear
Vaswani 200370 Narrative review ↑ ↔︎ ↔︎ ↔︎ ↔︎ Unclear
Tan 199958 Narrative review ? Unclear
Purgato 201569 SR, MR ↔︎ Unclear
Dunner 199256 Pooled ↔︎ Unclear
Klemp 201167 SR, MR ↔︎ Unclear
Montgomery 199557 Narrative review ↔︎ Unclear
Preskorn 199568 Narrative review ↔︎ Unclear
Adli 200513 Narrative review ↔︎ ↔︎ ↑ ↔︎ ↔︎ High
Berney 200573 Narrative review ↔︎ ↔︎ ↔︎ ? ↔︎ ↔︎ High
Holper 202087 Network MA ↔︎ ↑ ↑ ↔︎ High
Lane 199577 Narrative review ↔︎ ↔︎ ↔︎ ↔︎ High
Montgomery 199478 MA ↔︎ High
Montgomery 199559 Narrative review ↔︎ High
Caley 200286 Narrative review ↑ ↔︎ ∩ ? ↔︎ High
Lam 200676 MA ↔︎ High
Altamura 198871 Narrative review ↔︎ High
Beasley 199072 Pooled ↔︎ High
Rifkin 199779 Narrative review ↔︎ ↔︎ ↔︎ High
Ruhe 200680 SR, narrative review ↔︎ ↔︎ ↔︎ High
Jenner 199275 Pooled ↔︎ High
Hieronymus 201618 MA ↑ ↑ ↑ High
Barbui 200282 SR MA ↑ High
Parker 200085 Narrative review ↑ High
Baker 200322 SR MA ? ? ? High

Reviews in this table are are ranked by assessed risk of bias (low to high), most common finding for efficacy, and dose- response effect; selective serotonin reuptake inhibitors ordered alphabetically. 
MA=meta- analysis; MR=meta- regression; SR=systematic review
*Drug response effects are indicated as ↑ (increased), ↔︎ (flat), ∩ (curvy linear), or ? (unclear).
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Finally, of the 160 primary studies included in 
the five reviews, overall risk of bias was rated as low 
in 34 (21%) studies, moderate in 120 (75%), and 
high in six (4%) (online supplemental table S4). The 
majority of primary studies include participants aged 
≥18 to ≤65 years, with an average age of about 40 
years. Six (4%) primary studies assessed antidepres-
sant effects for older adults (age >65 years), limiting 
the assessment of dose- response effects for this 
population. Eleven (7%) of the primary studies were 
identified as inlcuding patients with mild depres-
sion as defined in current guidelines (eg, Hamilton 
Depression 17 rating scale score <17).26 However, 
after exclusion of the reviews that included people 
with mild depression,23 60 61 63 lower doses continued 
to show non- inferiority to higher doses.62

Critical evaluation of previous reviews
Most reviews indicated that SSRIs had a flat dose- 
response effect for efficacy, and poorer acceptability 
and tolerability with higher doses for the treatment 
of depression. However, a range of methodological 
difficulties remain, which could explain some of 
the conflicting findings. Firstly, only a few reviews 
exclusively included or reported the effects of fixed 
dose studies,13 20 22 23 57 66 68 71 73–75 79 while the 
majority included flexible dose studies. A weakness 
of reviews including flexible dose studies is that 
it requires clinicians to make a judgment early in 
treatment to increase the dose, which creates addi-
tional placebo effects that might be associated with 
the dose change, sometimes after several weeks of 
treatment.80 This intervention could make drug 
response difficult or impossible to distinguish from 
spontaneous remission, because 50% of patients 
with clinical depression spontaneously remit within 
12 weeks.91 Furthermore, increasing doses could fit 
with patient’s expectations regarding dose effects,31 
leading patients to receive higher than necessary 
doses, and potentially influencing the results of 
reviews using patient level data from flexible dose 
studies.18 56 75 Flexible dose studies might also select 
dose tolerant patients who are able to complete these 
studies,92 limiting generalisability and applicability 
to the wider population, and exposing patients 
to avoidable adverse drug effects. Newer reviews 
however, have compared the differences in effects 
between fixed and flexible dose studies, and report 
that no identifiable differences in efficacy between 
the groups, but that patients experience more 
adverse drug effects and dropouts with higher doses 
in both groups.62 63 87

Secondly, dose standardisation and drug 
grouping techniques (eg, imipramine dose equiv-
alents and fluoxetine dose equivalents) stand-
ardise individual drugs from different classes with 
different doses, or dose ranges, against the tricy-
clic antidepressant imipramine or the SSRI fluoxe-
tine.19 21 23 61 63 65 81 84 87 Although standardisation 
might seem to have benefits, use of such grouping 
methods inadvertently oversimplifies antidepres-
sant pharmacology, potentially missing differ-
ences between and within drug classes. It does 
not take account of, or even consider that, these 
grouping might be inappropriate. Unlike SSRIs 
that are highly specific for inhibiting serotonin 
transporter reuptake and increasing presynaptic 
serotonin levels, tricyclic antidepressants, SNRIs, 
and other non- SSRI antidepressants have mixed 
serotonin and non- serotonin (norepinephrine, 
dopamine, melatonin, muscarinic) effects that 
influence their dose- response efficacy and their 
adverse drug effect profiles.10–12 14 93 Therefore, 
grouping drugs with different dose- response char-
acteristics might provide questionable findings. 
Nonetheless, a few of these reviews have also 

Figure 2 | ROBIS (risk of bias in systematic reviews) assessment of all 42 reviews 
meeting inclusion criteria. First four columns relate to judgments; last column relates to 
overall rating for risk of bias

Figure 3 | Corrected covered area pairwise matrix of primary studies citations.23 60–63 
Pairwise analysis of review citations assessed as being at low risk of bias. Overlap 
categorisation: slight (0- 5%; white), moderate (6- 10%), high (11- 15%; yellow), very 
high (>15%; red)
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presented their findings for individual SSRIs that 
aid clarity and could help to better inform practi-
tioners.23 61 63 81 87

Another difficulty with imipramine dose equiva-
lents is that researchers have used irregular dose 
groupings: imipramine doses of <100, 100- 199, 
200- 250, and >250 mg/day.19 21 Introducing these 
groupings reduces sensitivity to detect dose- 
response differences, and gives greater weight 
to those patients that can tolerate higher doses. 
Imipramine dose equivalents are also based on 
arbitrary SSRI doses that cannot routinely be 
prescribed in clinical practice (eg, 45 mg citalo-
pram, 125 mg sertraline, and 33.3 mg fluoxetine). 
However, other dose standardisation techniques 
have different limitations; for example, Braun 
et al compared non- equivalent low (potentially 
subtherapeutic) SSRI daily doses with standard-
ised doses of the same compound (eg, ≤10 mg 
citalopram (equivalent to 5 mg escitalopram) v 
≤9 mg escitalopram (equivalent to 18 mg citalo-
pram)).60 Citalopram is a racemic 50:50 mixture 
of active S- enantiomer (escitalopram) and inac-
tive R- enantiomer, such that 2 mg of citalopram 
contains 1 mg of S- citalopram (escitalopram) and 
1 mg of R- citalopram.94–96 Conversely, Braun et al 
also categorised a wide range of doses as high in 
their study, which could have affected their find-
ings—for example, ≥40 mg citalopram with ≥80 mg 
fluoxetine.60 But other systematic reviews have 
focused on individual SSRIs, using the actual drug 
dose—therefore, removing interclass and intraclass 
variations.13 18 20 56–59 61 67 71–76 78–80 85 86 88

Few reviews focus on primary care (ie, general/
family practice and outpatients).67 68 71 72 83 89 While 
some reviews combine primary and secondary care 
inpatient studies,23 59 63 65 69 73 75 76 81 82 86 87 most  
lack clarity regarding the study 
settings.13 18–22 56–58 60 62 64 66 70 74 77–80 84 85 88 90 Therefore, 
the inclusion of inpatient studies could limit the 
generalisability of their findings to wider primary care 
populations, as demonstrated by Cheng et al.61 Other 
methodological limitations include: inclusion of mild 
depression studies23 61 63 74 81; non- placebo controlled 
studies22 23 81 82; narrative reviews that might lack a 
systematic approach20 57–59 64 68 70 71 73 77 79 80 85 86 88 89; 
use of data on file, which misses search strategies 
and misses references, preventing others from repli-
cating the review56 66 75 76 81; assessing and reporting 
on efficacy but not on adverse effects or dropout 
rates18 20 56 59 61 64–67 69 74 76 78–81 83; and assessing 
response without reporting remission effects. 
However, even after considering the potential limi-
tations of previous reviews, this systematic review 
of reviews and meta- narrative synthesis shows an 
overall consensus that SSRIs demonstrate a flat dose- 
response effect for efficacy, and poorer acceptability 
and tolerability as SSRI doses are increased for the 
treatment of depression.

Discussion
Principal findings
Ambiguity regarding SSRI dose- response and 
optimal dosing for the treatment of depression has 
been a major challenge for prescribers, and for 
guideline developers in Europe, North America, 
and Australasia. This systematic review of reviews 
indicates that all individual SSRIs, except for fluvox-
amine, demonstrate a ceiling effect for efficacy, and 
poorer acceptability and tolerability as SSRI doses 
were increased during the acute phase (up to 12 
weeks) of depression treatment for adults. Dose- 
response efficacy, however, remains unclear for 
fluvoxamine.

The prescribing of higher than standard daily SSRI 
doses was associated with higher rates of early treat-
ment discontinuation (poorer acceptability) and a 
higher incidence of adverse drug effects (poorer toler-
ability) such as, but not limited to, nausea, sexual 
dysfunction, anxiety, and insomnia. Comparison of 
fixed standard daily dose and flexible dose regimens 
for individuals not achieving satisfactory symptom 
resolution or remission demonstrated that dose 
titration above standard daily doses did not provide 
greater efficacy, but was associated with poorer 
acceptability and tolerability.

Strengths and weaknesses of the study
A major strength of this review was the inclusion and 
assessment of a range of meta- analyses and narrative 
reviews that met the inclusion criteria, and demon-
strated the breadth and depth of review literature 
assessing SSRI dose- response effects. To our knowl-
edge, this is the first review of reviews to investigate 
SSRI drug- response effects.

Although the literature search aimed to be as 
comprehensive as possible and included a range of 
reviews using different methodologies, it is possible, 
as with all systematic reviews, that an important 
review could have been missed. However, searching 
a range of key electronic databases and hand 
searching reference lists from guidelines and other 
sources helped to reduce the risk of missing relevant 
reviews. Inclusion of reviews in languages other than 
English could have been beneficial, but funding was 
not available for this inclusion. While inclusion of 
reviews only in the English language might be consid-
ered to limit generalisability of findings, the majority 
of reviews that were assessed as being at low risk of 
bias included non- English language primary studies, 
therefore overcoming language limitations.23 60–63

Other potential limitations were that data from 
individual published and unpublished randomised 
controlled studies might not have been included in 
the initial review. The reporting quality of many of 
the older reviews was assessed as being poor with a 
high risk of bias, mainly because of data collection 
and study appraisal issues (online supplemental 
table S3). Overlap of primary studies within the 
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reviews might be considered a limitation, and while 
no clear guidelines exist on how best to resolve it,51 
the analysis of reviews at low risk of bias indicated 
a high to very high overlap. In 2019, Furukawa et 
al found that the SSRI class and citalopram dose- 
response between 20 mg and 40 mg per day,23 being 
at odds with reviews assessing similar datasets and 
those with no overlap.61–63 On the other hand, the 
lack of primary studies assessing dose- response 
effects for older adults was a clear limitation, and 
warrants further investigation. Similarly the quality 
of primary studies is a potential limitation, but most 
were considered to be at low to moderate risk of 
bias. Furthermore, a high degree of heterogeneity 
existed between the 42 reviews owing to methodo-
logical diversity and the progressive development 
of systematic review methodologies since 1988. 
Despite this, the review of reviews found a general 
consensus between older and newer reviews that 
SSRIs demonstrated flat dose- response effects for the 
treatment of depression, and larger doses were asso-
ciated with more adverse drug effects, even when 
reviews assessed as having a higher risk of bias were 
excluded. Owing to similar results being observed 
across and within the reviews, including data from 
primary and secondary care settings, the findings 
appear to be generalisable to routine primary and 
secondary care practice, and are considered as being 
relatively robust.

Comparison with other studies
As already acknowledged, to our knowledge, this is 
the first review of reviews to investigate SSRI dose- 
response effects. However, the findings are congruent 
with previous studies indicating that serotonin reup-
take receptors are highly saturated when standard 
SSRI doses are given; exerting a ceiling effect for 
efficacy at standard daily doses (20 mg citalopram, 
fluoxetine, paroxetine; 50 mg sertraline; and 10 mg 
escitalopram), providing optimal receptor occupancy 
and serotonin effects.10 By contrast, tricyclic anti-
depressants, SNRI antidepressants, and other non- 
SSRI antidepressants demonstrate multiple receptor 
effects (serotonin, norepinephrine, dopamine) with 
increasing doses that influence their efficacy.11 12

At an individual SSRI level, reviews carried 
out in the early 1990s indicated that citalo-
pram, fluoxetine, paroxetine, and sertraline 
showed flat dose- response effects for efficacy 
with standard daily doses providing optimal 
efficacy.56 57 59 68 72 75 Guidelines from the 
British Association of Psychopharmacology and 
Australian and New Zealand Royal College of 
Psychiatry have highlighted SSRI dose limita-
tions for the treatment of depression for several 
years.24 25 The recently published guidelines 
from the National Institute for Health and Care 
Excellence (NICE) advise increasing doses as 
one of several treatment options, and now better 

acknowledge dose limitations in general. However, 
NICE does not distinguish between drug classes,97 
and the US and Canadian guidelines fail to high-
light dose limitations.27 28

Meaning of the study
The findings present several challenges for prac-
tice and policy makers. Firstly, these results 
suggest that increasing the dose might not be more 
effective for the treatment of depression.24 26–28 By 
contrast, higher SSRI doses might be more effec-
tive for some anxiety disorders, but not others.98 99 
Therefore, future local and national depression 
guidelines, and standard texts such as the British 
National Formulary, should clearly state the 
difference in dose- response between drug classes, 
and where possible between individual antide-
pressants, and clearly state the need to exercise 
caution with higher SSRI doses.

Secondly, prescribers might find this study’s 
findings of use when discussing and balancing 
drug related benefits and harms with patients 
and colleagues who might believe that higher 
doses would be more effective than standard 
daily doses.31 100 The findings could help with 
planning follow- up reviews for patients, because 
previous meta- analyses have indicated that the 
greatest response to SSRIs occurs within the first 
two weeks of treatment.101 102 One meta- analysis 
identified in this review indicated that 50% of 
response effect was achieved by four weeks of 
treatment.61 Therefore, assessing response at 
four weeks could help to appropriately optimise 
treatment more quickly; reducing the average 
8- 12 week delay until antidepressants are 
switched.100 103

Thirdly, higher than routine daily doses could 
expose patients to avoidable adverse drug effects, 
harms, and risks, such as a greater risk of QTc 
prolongation, falls, hip fracture, emotional blunting, 
cognitive dysfunction, and drug induced anxiety and 
insomnia.104–108 Some of these adverse drug effects 
might be mistaken for depressive symptoms that 
could require more follow- up appointments, treat-
ment with a higher SSRI dose, or the coprescription 
of sedating antidepressants, benzodiazepines and/
or antipsychotic drugs, resulting in unnecessary 
polypharmacy.109–111 Furthermore, the use of higher 
SSRI doses could be associated with a greater risk of 
withdrawal symptoms that might result in prolonged 
treatment.112

Finally, as SSRIs account for 43- 76% of antide-
pressant prescriptions in North America, Europe, and 
Australasia,1 2 4 6 7 and account for more than 65% 
of antidepressant defined daily doses prescribed in 
Scotland,4 the use of higher daily doses and a lack of 
prescriber awareness regarding dose limitations could 
be contributing to inappropriate antidepressant use 
and to the current growth in prescribing.5 7–9 100
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Future research should consider examining dose- 
response effects with longer term SSRI use, which 
has increased over the years and is associated with 
the prescribing of higher SSRI doses.5 7–9 113 114 The 
following research questions could also be consid-
ered: do placebo controlled trials demonstrate that 
higher SSRI doses are more effective for people 
experiencing loss of efficacy (tachyphylaxis) with 
long term treatment115; do neuroprogressive 
changes in depression affect drug response, and vice 
versa116 117; do acute on chronic depressive episodes 
require higher doses; does increasing or reducing 
doses provide non- drug effects118 119; and how 
these factors interact to affect drug response.120 A 
greater focus is also needed to assess and report the 
achievement of remission that could help to improve 
patients’ long term outcomes. Qualitative studies 
should be considered to provide insight into patients’ 
lived experiences and expectations regarding antide-
pressant doses and drug limitations; as well as being 
used to help contextualise findings from potential 
quantitative studies. Lastly, a better understanding 
of possible dose related SSRI effects associated with 
withdrawals (discontinuation symptoms) could 
enable prescribers to support patients to discon-
tinue treatment, as highlighted in petitions to the 
UK parliaments and recommendations from Public 
Health England and the Scottish government.1 121–124

Conclusion
Standard daily SSRI doses could provide a favourable 
balance between efficacy, acceptability, and tolera-
bility for the acute phase (up to 12 weeks) treatment 
of depression in adults. Higher daily doses were asso-
ciated with higher rates of early treatment discontinu-
ation (poorer acceptability) and a higher incidence of 
adverse drug effects (poorer tolerability) such as, but 
not limited to, nausea, sexual dysfunction, fatigue, 
anxiety, and insomnia. We also would encourage 
patients to talk to their prescriber or community 
pharmacist if they experience adverse effects or have 
any concerns about their drug treatment.
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Table S1 – Treatment of depression guidelines 

Guidelines highlighting dose-response effects 

Guideline Section/Page Dose specific text 

British Association of 
Psychopharmacology 
(2015)1  

Section 3.2 Next-
step drug 
treatment options  

Summary: There is a lack of direct evidence for the efficacy of increasing the dose after initial treatment non-

response. Indirect evidence suggests there is a dose response for TCAs, venlafaxine and escitalopram (II) but not for 

other SSRIs. 

 Section 3.2.1 
Dose Increase (C) 
 

The evidence supporting the efficacy of dose increase is limited, but it could be considered in individual patients 

especially if: 

• there are minimal side-effects (D) and/or, 

• there has been some improvement on the antidepressant (D) and/or, the current antidepressant has a possible 

dose response (there is modest evidence for venlafaxine, escitalopram and TCAs) (C). 

Royal Australian and 
New Zealand College 
of Psychiatrists (2015)2 

Page 1108-1109 An adequate trial of an antidepressant should be a minimum of three weeks at the recommended therapeutic 

dose. Note, some antidepressants require titration to the maximum recommended dose, whereas others, in particular 

SSRIs, generally have a flat dose-response curve and high doses do not necessarily improve efficacy. 

Guidelines lacking clarity regarding dose-response effects 

National Institute for 
Health and Care 
Excellence CG90 (Sept 
2019 Update)3  

Section 10.15.4.4 If response is absent or minimal after 3 to 4 weeks of treatment with a therapeutic dose of an antidepressant, 

increase the level of support (for example, by weekly face-to-face or telephone contact) and consider: 

• increasing the dose in line with the Summary of Product Characteristics if there are no significant side effects or 

if the person prefers. 

 Section 12.3.1 When depression does not respond adequately, a common treatment strategy is to increase the dose of the 

antidepressant within the licensed dosage range. There is little objective evidence to support higher response rates 

with increasing dose (within the licensed dosage range) for the majority of antidepressants, but this does not 

preclude the possibility of a beneficial effect being seen in individual patients. Any beneficial effect is likely to be at 

least partially determined by individual differences in hepatic metabolising enzymes. 

 Section 12.3.2 Approximately 20 to 30% of patients with depression do not respond to the first 

antidepressant prescribed (assuming an adequate dose, duration of treatment and compliance with medication; 

Cowen, 1998).  It is normal clinical practice at this point to increase the dose to the maximum tolerated (within 

licensed limits; see section 12.3.1) and, if there is still no or minimal response, to switch to an alternative 

antidepressant. 

 Section 12.3.13 The evidence for effective strategies in people whose depression has not responded adequately to treatment is not 

strong. A common first-line strategy, increasing the dose, is also not supported by convincing evidence of 

effectiveness, although this strategy may well be effective in some people, particularly if they have been able to 

tolerate the drug at the initial dose. 
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Guidelines lacking clarity regarding dose-response effects (Continued) 

National Institute for 
Health and Care 
Excellence NG 222 
(June 2022)4 

 

Section 1.9.5 If a person's depression has had no or a limited response to treatment with antidepressant medication 

alone, and no obvious cause can be found and resolved, discuss further treatment options with the person 

and make a shared decision on how to proceed based on their clinical need and preferences. Options 

include [a range of options are listed]: 

• continuing antidepressant therapy by either increasing the dose or changing the drug. For example, 

by:  

o increasing the dose of the current medication (within the licensed dose range) if the 

medication is well tolerated; be aware that higher doses of antidepressants may not be more 

effective and can increase the frequency and severity of side effects; ensure follow-up and 

frequent monitoring of symptoms and side effects after dose increases.  

 Section 1.9.6 If a person's depression has had no or a limited response to treatment with a combination of 

antidepressant medication and psychological therapy, discuss further treatment options with the person 

and make a shared decision on how to proceed based on their clinical need and preferences. Options 

include [a range of options are listed]:  

increasing the dose or switching to another antidepressant (see recommendation 1.9.5) 
American Psychiatric 
Association (2010)5 

Quick reference 
guide page 18 

The initial dose should be raised incrementally as tolerated until a therapeutic dose is reached or the 

patient achieves remission. Titration generally can be accomplished over initial weeks, but more time may 

be needed depending on development of side effects, the patient’s age, and the presence of co-occurring 

medical and psychiatric conditions. 

 Quick reference 
guide page 21 

Address inadequate response.  Maximizing the Initial Treatment 

Patients Treated With an Antidepressant: 

• Optimizing (i.e., raising) the dose is a reasonable first step if side-effect burden is tolerable, especially 

if the upper dosage limit has not yet been reached. 

Some patients may require doses higher than those approved by the Food and Drug Administration. 

Canadian Network for 
Mood and Anxiety 
Treatments 
(CANMAT) (2016)6 

Section 3.14 How Long Do You Wait for a Response from an Antidepressant? 

CANMAT recommends increasing the antidepressant dose for nonimprovers at 2 to 4 weeks if the 

medication is tolerated and switching to another antidepressant if tolerability is a problem. 

 Section 3.16 How Do You Manage Inadequate Response to an Antidepressant? 

If a patient has partial (e.g., 25%-49% reduction in symptom scores) or no response (e.g., <25% 

reduction) to the initial treatment, clinicians should ensure the treatment is optimized.  There is 

substantial evidence that many patients receive subtherapeutic doses and/or inadequate duration of 

treatment, and up to 20% may have poor adherence. 
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Search strategies 

Embase 1975 to 2021 
 Searches Results 

1 systematic review$.mp. or exp "systematic review"/ 422957 

2 meta analysis/ 233016 

3 dose-response.mp. or exp dose response/ 459419 

4 1 or 2 or 3 965431 

5 antidepressants$.mp. or exp antidepressant agent/ 522746 

6 ssri.mp. or exp serotonin uptake inhibitor/ 291876 

7 exp serotonin uptake inhibitor/ or selective serotonin inhibitor$.mp. 291324 

8 citalopram.mp. or exp citalopram/ 24483 

9 escitalopram.mp. or exp escitalopram/ 13786 

10 fluoxetine.mp. or exp fluoxetine/ 50458 

11 fluxetine.mp. 33 

12 fluvoxamine.mp. or exp fluvoxamine maleate/ or exp fluvoxamine/ 14665 

13 paroxetine.mp. or exp paroxetine/ 29256 

14 sertraline.mp. or exp sertraline/ 28225 

15 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 524221 

16 4 and 15 41674 

17 depression.mp. or exp depression/ or exp major depression/ 789628 

18 major depressive disorder.mp. or exp major depression/ 79382 

19 unipolar depression.mp. 4133 

20 17 or 18 or 19 790950 

21 16 and 20 12630 

22 limit 21 to human 10975 

23 limit 22 to english language 10408 

24 limit 23 to yr="1975 - 2021" 10375 

 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJMED

 doi: 10.1136/bmjmed-2021-000017:e000017. 1 2022;BMJMED, et al. Johnson CF



 

6 
 

Ovid Medline (R) All 1975 to 2021 
 

  

 Searches Results 

1 systematic review$.mp. 257991 

2 meta-analysis.mp. or exp Meta-Analysis/ 232434 

3 exp Dose-Response Relationship, Drug/ or dose response.mp. 527175 

4 1 or 2 or 3 893529 

5 Antidepressant$.mp. or exp Antidepressive Agents/ 181670 

6 exp Serotonin Uptake Inhibitors/ or ssri.mp. 46233 

7 selective serotonin inhibitor$.mp. 31 

8 citalopram.mp. or exp Citalopram/ 7401 

9 escitalopram.mp. 2836 

10 fluoxetine.mp. or exp Fluoxetine/ 14859 

11 fluxetine.mp. 7 

12 fluvoxamine.mp. or exp Fluvoxamine/ 3104 

13 paroxetine.mp. or exp Paroxetine/ 6572 

14 sertraline.mp. or exp Sertraline/ 5592 

15 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 197756 

16 4 and 15 18050 

17 depression.mp. or exp Depression/ 445870 

18 
exp Depressive Disorder/ or exp Depressive Disorder, Major/ or 
mdd.mp. 

120528 

19 unipolar depression.mp. 2915 

20 17 or 18 or 19 479550 

21 16 and 20 6916 

22 limit 21 to humans 5337 

23 limit 22 to english language 4997 

24 limit 23 to yr="1975 - 2021" 4973 
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Embase, Ovid Medline (R) All, and PsychInfo 1975 to 2021 
 Searches Results 

1 
Systematic review.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kf, fx, dq, nm, 
ox, px, rx, ui, sy, tc, id, tm] 

688896 

2 
meta-analysis.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kf, fx, dq, nm, ox, 
px, rx, ui, sy, tc, id, tm] 

611577 

3 
dose-response.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kf, fx, dq, nm, ox, 
px, rx, ui, sy, tc, id, tm] 

977707 

4 1 or 2 or 3 1951504 

5 
citalopram.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kf, fx, dq, nm, ox, px, 
rx, ui, sy, tc, id, tm] 

35516 

6 
escitalopram.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kf, fx, dq, nm, ox, px, 
rx, ui, sy, tc, id, tm] 

18398 

7 
fluxetine.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kf, fx, dq, nm, ox, px, rx, 
ui, sy, tc, id, tm] 

45 

8 
fluoxetine.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kf, fx, dq, nm, ox, px, rx, 
ui, sy, tc, id, tm] 

72941 

9 
fluvoxamine.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kf, fx, dq, nm, ox, px, 
rx, ui, sy, tc, id, tm] 

19567 

10 
paroxetine.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kf, fx, dq, nm, ox, px, 
rx, ui, sy, tc, id, tm] 

39506 

11 
sertraline.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kf, fx, dq, nm, ox, px, rx, 
ui, sy, tc, id, tm] 

37117 

12 
ssri.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kf, fx, dq, nm, ox, px, rx, ui, sy, 
tc, id, tm] 

23575 

13 
serotonin uptake inhibitor$.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kf, fx, 
dq, nm, ox, px, rx, ui, sy, tc, id, tm] 

78664 

14 
selective serotonin re-uptake inhibitor$.mp. [mp=ti, ab, hw, tn, ot, dm, 
mf, dv, kf, fx, dq, nm, ox, px, rx, ui, sy, tc, id, tm] 

2129 

15 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 185018 

16 
depression.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kf, fx, dq, nm, ox, px, 
rx, ui, sy, tc, id, tm] 

1549267 
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17 
major depressive disorder.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kf, fx, 
dq, nm, ox, px, rx, ui, sy, tc, id, tm] 

88507 

18 
major depression.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kf, fx, dq, nm, 
ox, px, rx, ui, sy, tc, id, tm] 

252537 

19 
unipolar depression.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kf, fx, dq, nm, 
ox, px, rx, ui, sy, tc, id, tm] 

10391 

20 16 or 17 or 18 or 19 1561530 

21 4 and 15 and 20 10272 

22 limit 21 to humans 9167 

23 limit 22 to english language 8732 

24 limit 23 to yr="1975 - 2021" 8728 
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Table S2 – Characteristics of reviews meeting inclusion criteria 
 

Study Indication Number of 

primary 

studies 

included 

Review 

design 

Efficacy & Dose ADEs & dropouts Protocol Placebo 

included 

Patient

-level 

Flexible dose 

studies 

included 

Does Standardisation Study 

duration 

Primary 

or 

secondary 

care 

Adli 2005 1 Major 

depression 

12 Syst. Narr. ↑ fluv. 
↔ cit, fluox, par, sert 

↑ Unclear Yes No Reported 

separately 

Study doses used 4-8 wks Unclear 

Altamura 1988 2  Depression 2 Narr. ↔ fluox ↑ No Yes No No Fluox dose 6 wks Outpatients 

Baker 2003 3 Major 

depression 

4 Syst. M-A. ? fluox, par, sert ↑ No No No Reported 

separately 

Yes: Low, Medium, High.  

No clear definition 

≤8 wks Unclear 

Barbui 2002 4 Depression 103 Syst. M-A. ↑ fluox ↑ 

 

No No No Yes Yes: 20-30mg/d, >30mg/d.  Dose 

range 20-40mg/d & >40mg/d 

≤9 wks Both 

Beasley 1990 5 MDD Pooled 

(n=669) 

Pooled. 

Not Syst. 

↔ fluox ↑ 

 

No Yes No Yes Fluox dose ≤8 wks Outpatients 

Beasley 1993 6 MDD 3 Narr. n-a  fluox: ↑ anxiety, 
agitation, insomnia., 

drowsiness, asthenia. 

No Yes Yes Yes None 6 wks Primary care 

Benkert 1996 7 MDD 7 

(+7 Rev) 

Narr. ↔ cit, fluox, fluv, par, sert 

 

n-a No Yes No Yes Actual doses from other reviews Not 

defined 

Not defined 

Berney 2005 8 Depression 14 (+4 Revs) Narr. ↔ cit, escit, fluox, par, sert. 

? fluv 

↑ fluox, dropouta No Yes No No Study doses used 6-8 wks Both 

Bollini 1999 9 Depression 33 Syst. M-A. ∩ curvy linear SSRI & non-

SSRI grouped 

↑ Unclear Yes No Yes Imip Equiv 6 wks 

(4-24 wks) 

Unclear 

Braun 2020 10 Depressive 

disorder 

33 Syst. M-A. 

Net-M-A 

↔ SSRI grouped 

↔ cit, escit, fluox, fluvox 

par, sert 

↑ SSRI grouped Yes Yes No Yes Low, Med, High.  6 wks 

(2-12 wks) 

Unclear 

Caley 2002 11 Depression 5 (+7 Revs) Narr. ↑ cit, ∩ fluv, 
↔ fluox, sert, ?par 

↑ No Yes No Yes Study doses used 4-6 wks Both 

Cheng 12 Major 

depression 

115 Model-

Bases M-A 

↔ cit, escit, fluox, fluvox 

par, sert 

n-a No Yes No No Fluox Equiv 4-12wks Both 

Corruble 2000 13 Depression 10 (+6 Revs) Syst. Narr. SSRI grouped n-a No No No No SSRI study doses used 4-8 wks Unclear 

Dold 2017 14 Unipolar 

depression 

5 Syst. M-A. 

M-R 

↔ fluox, par, sert ↑fluox,  
 

No No No Rand. fixed v 

increased dose  

Standard dose: fluox, par 20mg/d, 

sert 50mg/d, versus higher doses 

5 wks 

(3-8 wks) 

Unclear 

Dunner 1992 15 Depression Pooled 

(n=460) 

Pooled 

SKB data 

only 

↔ Par n-a No Yes Yes Yes Par. dose Acute ≤6 
wks 

Long-term 

52 wks 

Unclear 

Furukawa 2019 16 Major 

depression 

66 Syst. M-A ↑ SSRI grouped ( to 40mg/d) 

↑ cit (to 30mg/d), ↔ escit, 

fluox, par, ∩ sert. 

↑ Yes 

 

Yes No No Fluox Equiv 8 wks 

(4-12wks) 

Both 

Furukawa 2020 17 Major 

depression 

108 Syst. M-A ↔ SSRI grouped 

↔ cit, escit, fluox, par, sert 

↑ flexible dose Yes Yes No Fixed v flex 

dosing 

Fluox Equiv 7 wks 

(4-12 wks) 

Both 

Gutsmiedl 2020 18 MDD 44 Syst. M-A. 

M-R 

↔ SSRIs & non-SSRI 

grouped 

n-a Yes Yes Yes Yes Fluox Equiv 9 wks 

(4-26 wks) 

Both 

Hansen 2009 19 Depression 74 Syst. M-A. 

M-R 

↑ SSRIs & non-SSRI 

grouped 

n-a No Yes No Yes Yes: licensed dose range e.g. 

fluox <45mg/d low >45mg/d high 

7 wks 

(6-24 wks) 

Outpatients 

Hamza 2021 20  MDD 60 M-A SSRI grouped (↑ to 40mg/d) 
↑ cit (to 30mg/d),  par,  sert 
(to 75mg/d), ↔ escit, fluox,,  

n-a No  Yes No No Fluox Equiv. 

Individual drug effects as fluox 

equiv not actual drug dose. 

8 wks 

(4-12wks) 

Both 
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Review characteristics – continued 
 

Study Indication Number of 

primary 

studies 

included 

Review 

design 

Efficacy & Dose ADEs & 

dropouts 

Protocol Placebo 

included 

Patient-

level 

Flexible 

dose 

studies 

included 

Does Standardisation Study 

duration 

(range) 

Primary 

or 

secondary 

care 
Hieronymus  

2016 21 

Depression 11 M-A. 

Ind. Data.  

↑ cit, par, sert 
 

n-a Yes Yes Yes Yes Patient-level doses ≤6 wks Unclear 

Holper 2020 22 MDD 153 Net-M-A ↑ escital, fluox, ↔ cit, par ↑ (≤70y) 
↑↑ (>70y) 

Yes Yes No Yes Fluox Euqiv 4-12 wks Both 

Jakubovski 2016 
23 

MDD 40 Syst. M-A. ↑ SSRIs grouped ↑ Unclear Yes No Yes Imip Equiv 6 wks 

(4-24 wks) 

Unclear 

Jenner 1992 24 Depression Pooled 

(n=4668) 

Pooled. SKB 

data only 

↔ par ↑ No Yes Yes Reported 

separately 

Par. dose Mostly 6 wks 

(≤2 yr) 
Both 

Khan 2003 25 MDD 36 FDA 

submissions  

M-A 

↔ SSRIs & non-SSRI  

grouped 
↑ No Yes No Reported 

separately 

SSRI study doses used 6-8wks Unclear 

Klemp 2011 26 Depression 26 Syst. M-R. ↔ par n-a No Yes No Yes Par dose 8 wks 

(6-56 wks) 

Outpatients 

Lam 2006 27 MDD 3 M-A. Lundbeck 

data only 

↔ escital n-a No Yes No Yes Escit dose 8 wks Both 

Lane 1995 28 Depression 5 

(+2 Revs) 

Narr. ↔ cit, fluox, par, sert ↑ No Yes Not 

defined 

Yes Not defined Not defined Not defined 

Montgomery  

1994 29 

Depression 9 M-A. Not Syst. ↔ cit n-a No Yes No Yes Cit dose 4-6 wks Unclear 

Montgomery 

1995 30 

Depression 1 Narr. ↔ sert ↑ No Yes No No Sert dose Acute 

6-8 wks 

Long-term 44 

wks 

Not defined 

Montgomery 

1995 31 

Depression 2 

(+2 Revs) 

Narr. ↔ cit n-a No Yes No Yes Cit dose ≤24 wks Both 

Murdoch 2005 32 MDD Pooled 

(n=1307) 

Pooled 

Lundbeck 

Forrest 

n-a ↑ escital No Yes No Yes Escit dose Not defined Not defined 

Oliva 2021 33 MDD Not defined Syst. M-A.  n-a ↑ N&V cit, 
esciatl 

Yes Yes No Unclear Low v high dose  6-12 wks Not defined 

Papakostas 2010 
34 

MDD 9 Syst. M-A. ↑ SSRIs grouped ↑ No Yes No Yes Usual dose (10mg/d escit, 

20mg/d cit, fluox, par, 50mg/d 

sert, fluv), intermediate, double 

(double usual) & higher. 

6 wks Not defined 

Parker 2000 35 Depression 1 

(+1 Rev) 

Narr. ↑ cit ↑ No Yes No Yes Cit dose 4-6 wks Not defined 

Purgato 2015 36 Unipolar 

major 

depression 

173 Syst. M-R. ↔ fluox n-a No Yes No Yes Yes: Mean doses poorly 

reported: min and max doses to 

DDDs then PDD/DDD.  

Grouped: ≤20mg/d or 20-80mg/d 

Majority 

≤6 wks 

Both 

Preskorn 1995 37 Depression 3 Narr. ↔ sert ↑ No Yes No No Sert dose ≤8 wks Outpatients 

Rifkin 1997 38 Depression 4 Narr. ↔ fluox, par, sert n-a No Yes No No SSRI study doses used Not defined Not defined 

Ruhe 2006 39 Depression 8 Syst. Narr. ↔ cit, fluox, par, sert ∩ fluv, n-a Unclear No No Yes SSRI study doses used 8 wks 

(3-12 wks) 

Unclear 

Safer  2016 40 MDD & 

other MH 

conditions 

33 Narr. ↔ SSRI & non-SSRI grouped 

↔ cit, escit, fluox, fluv, par, 

sert 

↑ No Yes No No SSRI study doses used 8-28 wks Not defined 
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Review characteristics – continued 
 

Study Indication Number of 

primary 

studies 

included 

Review 

design 

Efficacy & Dose ADEs & 

dropouts 

Protocol Placebo 

included 

Patient-

level 

Flexible 

dose 

studies 

included 

Does Standardisation Study 

duration 

(range) 

Primary 

or 

secondary 

care 
Tan 1999 41 MDD & 

other MH 

conditions 

2 (+1 Rev) Narr. ?cit ↑ No Yes No Yes Cit dose 6 wks 

(3-24 wks) 
Not defined 

Vaswani 2003 42 MDD & 

other MH 

conditions  

3 

(+5 Revs) 
Narr. ↑ cit (to 40mg/d),  

↔ fluox, fluv, par, sert 
↑ No Yes Not 

defined 
Yes Not defined Not defined Not defined 
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Table S3 – Risk of bias 
Review Phase 2 Phase 3 

  

Author Year 

1. Study 

eligibility 

criteria 

2. Identification 

and selection of 

studies 

3. Data 

collection and 

study appraisal 

4. Synthesis 

and 

findings 

RISK OF BIAS 

IN THE 

REVIEW 

1 Adli 2005 Low High High Low High 

2 Altamura 1988 High High High High High 

3 Baker 2003 Low High High High High 

4 Barburi 2002 Low Low High Unclear High 

5 Beasley 1990 Low High High Low High 

6 Beasley 1993 Unclear High High High High 

7 Benkert 1996 Unclear Unclear High Unclear Unclear 

8 Berney 2005 Unclear High High Low High 

9 Bollini 1999 Low Low Unclear High High 

10 Braun 2020 Low Low Low Low Low 

11 Cheng 2020 Low Unclear Low Low Low 

12 Caley 2002 Unclear Unclear High Unclear High 

13 Corruble 2000 Low Unclear Unclear Unclear High 

14 Dold 2017 Low Low Low Low Low 

15 Dunner 1992 Unclear Unclear High Low Unclear 

16 Furukawa 2019 Unclear Low Low Low Low 

17 Furukawa 2020 Low Low Low Low Low 

18 Gutsmiedl 2020 Low Unclear Low Unclear Unclear 

19 Hamza 2021 Low Unclear Unclear Low Unclear 

20 Hansen 2009 Low Unclear High High High 

21 Hieronymus 2016 Low High Unclear High High 

22 Holper 2019 Low Low Low High High 

23 Jakubovski 2016 High High High High High 

24 Jenner 1992 Unclear High High Low High 

25 Khan 2003 Low Unclear High Low Unclear 

26 Klemp 2011 Low Low Unclear Unclear Unclear 

27 Lam 2006 Low High High High High 

28 Lane 1995 Unclear Unclear High High High 

29 Mongomery 1995 High High High High High 

30 Montgomery 1995 Unclear Unclear Unclear Low Unclear 

31 Montgomery 1994 Unclear Unclear High High High 

32 Murdoch 2005 Low Unclear Unclear Unclear Unclear 

33 Oliva 2021 Low Low High High High 

34 Papakostas 2010 Low High High Unclear High 

35 Parker 2000 Low High Unclear Low High 

36 Preskorn 1995 Unclear Unclear Unclear Low Unclear 

37 Purgato 2015 Unclear Low Unclear Low Unclear 

38 Rifkin 1997 Unclear Unclear Unclear Unclear High 

39 Ruhe 2006 Unclear High Low Low High 

40 Safer 2016 Unclear Unclear Unclear Unclear Unclear 

41 Tan 1999 Unclear Unclear Unclear Low Unclear 

42 Vaswani 2003 Unclear Unclear Unclear Unclear Unclear 
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Table S4 – Primary studies quality rating 
160 primary studies included in the reviews (N=5) assessed as being at low risk of bias.  Of 

the 160 primary studies overall risk of bias was rated as low 34 (21%), moderate 120 (75%) 

and high 6 (4%). 

Study ID 
Dep. 
severity  

Braun 
2020 

Cheng 
2020 

Dold 
2017 

Furukawa 
2019 

Furukawa 
2020 

Overall 
risk of 
bias 

1. Alexopoulos 2004 
(Poster SCT-MD-27) 

 n/a Mod. n/a n/a Mod. Mod. 

2. Amin 1984  n/a Mod. n/a n/a n/a Mod. 

3. Barber 2011  n/a n/a n/a n/a Mod. Mod. 
4. Benkert 1997  n/a n/a Mod. n/a n/a Mod. 

5. Binnemann2008 
(NCT00143091) 

 n/a Mod. n/a Mod. n/a Mod. 

6. Bjerkenstedt 1985  Mod. n/a n/a n/a n/a Mod. 

7. Bjerkenstedt2005    n/a Low n/a Low Low Low 

8. Bosc 1997a (Study 014 - 
Andreoli2002) 

 n/a Mod. n/a n/a Mod. Mod. 

9. Bose 2008 (SCT-MD-13)  n/a n/a n/a n/a Mod. Mod. 

10. Brunoni 2012  n/a Low n/a Low Low Low 

11. Buchsbaum 1997  n/a Mod. n/a n/a n/a Mod. 

12. Burke2002 (SCT-MD-01)  Mod. Mod. n/a Mod. Mod. Mod. 

13. Byerley1988  n/a Low n/a n/a n/a Low 

14. CAGO178A2303 
(NCT00463242) 

 n/a Mod. n/a n/a Mod. Mod. 

15. Cassano 2002 
(29060/421) 

 n/a Mod. n/a n/a n/a Mod. 

16. CL3-20098-022  n/a n/a n/a Mod. Mod. Mod. 

17. CL3-20098-023  n/a n/a n/a Low Low Low 

18. CL3-20098-024  n/a n/a n/a Low Low Low 

19. Claghorn 1996  n/a Mod. n/a n/a n/a Mod. 
20. Clayton 2003 (Study 

050) 
 n/a Mod. n/a n/a Mod. Mod. 

21. Clayton 2006a (WELL 
AK130926) 

 n/a n/a n/a n/a Mod. Mod. 

22. Clayton 2006b (WELL 
AK130927) 

 n/a Mod. n/a n/a Mod. Mod. 

23. CN104-054  (FDA)  n/a n/a n/a Mod. Mod. Mod. 

24. Cohn 1985a  n/a Mod. n/a n/a Mod. Mod. 
25. Coleman 1999 

(AK1A4002) 
 n/a Mod. n/a n/a Mod. Mod. 

26. Coleman 2001 
(AK1A4007) 

 n/a Mod. n/a n/a Mod. Mod. 

27. Corrigan 2000  n/a Mod. n/a Mod. Mod. Mod. 

28. Croft 1999 (AK1A4001)  n/a Low n/a n/a Mod. Mod. 

29. Davidson 2002 (HDTSG) 
(NCT00005013) 

 n/a Low n/a n/a Low Low 

30. Detke 2004 (HMAY 
Study Group A) 

Mild n/a Low n/a Low Low Low 

31. Doogan 1994  n/a Low n/a n/a Low Low 

32. Dornseif 1998  n/a n/a High n/a n/a High 
33. Dube 2010 

(NCT00420004) 
 n/a n/a n/a n/a Mod. Mod. 
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34. Dunbar 1993a 
(Claghorn1992, 
Rickels1989, 
Rickels1992, PAR 02-
001 - FDA) 

 n/a Mod. n/a n/a Mod. Mod. 

35. Dunbar 1993b  
(Claghorn1992, PAR 02-
002 - FDA) 

 n/a Mod. n/a n/a Mod. Mod. 

36. Dunbar 1993c  
(Smith1992, PAR 02-003 
- FDA) 

 n/a Mod. n/a n/a Mod. Mod. 

37. Dunbar 1993d 
(Kiev1992, PAR 02-004 - 
FDA) 

 n/a Mod. n/a n/a Mod. Mod. 

38. Dunner 1992 (PAR 
29060.09) 

 Mod. Mod. n/a Mod. Mod. Mod. 

39. Edwards1989 
(MD/PAR/009 PAR-276) 

 n/a Mod. n/a Mod. n/a Mod. 

40. Fabre 1987 Mild High n/a n/a n/a n/a High 

41. Fabre 1995 (SER 103 
FDA) 

 Low Mod. n/a Mod. Mod. Mod. 

42. Fabre 1996  n/a Low n/a n/a n/a Low 

43. Fava 1998  n/a Mod. n/a n/a n/a Mod. 

44. Fava 2005 Mild n/a Mod. n/a Mod. Mod. Mod. 

45. Feighner 1989a  n/a Mod. n/a n/a n/a Mod. 

46. Feighner 1989b  n/a Low n/a n/a n/a Low 

47. Feighner 1993a 
(Feighner 1989c PAR 03 
001 - FDA) 

 n/a Mod. n/a n/a n/a Mod. 

48. Feighner 1993b 
(Cohn1990 Cohn1992 
PAR 03 002 - FDA) 

 n/a Mod. n/a n/a n/a Mod. 

49. Feighner 1993c (PAR 03 
003 - FDA) 

 n/a Mod. n/a n/a n/a Mod. 

50. Feighner 1993d 
(Shrivastava1992 PAR 
03 004 - FDA) 

 n/a Mod. n/a n/a n/a Mod. 

51. Feighner 1993e 
(Peselow1989 PAR 03 
005 - FDA) 

 n/a Mod. n/a n/a n/a Mod. 

52. Feighner 1993f 
(Fabre1992 PAR 03 006 
- FDA) 

 n/a Mod. n/a n/a n/a Mod. 

53. Feighner 1999 (Study 
91206 FDA) 

 Low Mod. n/a Mod. Mod. Mod. 

54. Fieve 1986  High n/a n/a n/a n/a High 

55. Frank 2004  n/a n/a n/a Mod. Mod. Mod. 

56. Gastpar 2006  n/a Low n/a Low Low Low 

57. Ghose 1997  Low n/a n/a n/a n/a Low 

58. Golden 2002a 
(29060/448) 

 n/a Mod. n/a n/a Mod. Mod. 

59. Golden 2002b 
(29060/449) 

 n/a Mod. n/a n/a Mod. Mod. 

60. Goldstein 2002 (HMAQ - 
Study Group A) 

Mild n/a Mod. n/a n/a Mod. Mod. 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJMED

 doi: 10.1136/bmjmed-2021-000017:e000017. 1 2022;BMJMED, et al. Johnson CF



 

18 
 

61. Goldstein 2004a (HMAT 
- Study Group A, 
ID#4091) 

Mild n/a Mod. n/a Mod. Mod. Mod. 

62. Goldstein 2004b (HMAT  
- Study Group B, 
ID#4091) 

Mild n/a Mod. n/a Mod. Mod. Mod. 

63. Gorman 2002 (SCT-MD-
02) 

 n/a Mod. n/a n/a Mod. Mod. 

64. Griebel 2012 (Study 
DF15878) 
(NCT00358631) 

 n/a Mod. n/a Mod. Mod. Mod. 

65. Griebel 2012b (Study 
DF15879) 
(NCT00361491) 

 n/a Mod. n/a Mod. Mod. Mod. 

66. Guy (1986)27  Mod. n/a n/a n/a n/a Mod. 

67. Hebenstreit 1989  Mod. n/a n/a n/a n/a Mod. 

68. Heiligenstein 1994 Mild n/a Low n/a Low Low Low 

69. Higuchi 2009  n/a Low n/a n/a Low Low 
70. Higuchi 2011 

(PCR112810, 
NCT00866294) 

 n/a Low n/a n/a Low Low 

71. Hirayasu 2011a  Low Low n/a Low Low Low 

72. Hirayasu 2011b  Low Low n/a Low Low Low 

73. Hunter 2010 (Study 1)  n/a n/a n/a Mod. Mod. Mod. 
74. Jefferson 2000 

(29060/785) 
 Mod. Mod. n/a Mod. Mod. Mod. 

75. Kasper 2005a (Study 
99024) 

 n/a n/a n/a Mod. Mod. Mod. 

76. Kasper2012 
(NCT00807248) 

 n/a Mod. n/a Mod. n/a Mod. 

77. Kato 2018  Mod. n/a n/a n/a n/a Mod. 

78. Katz 2004  n/a n/a n/a n/a Low Low 

79. Keller 2006a (Study059) 
(NCT00035009) 

 n/a n/a n/a Mod. Mod. Mod. 

80. Keller 2006b (Study061) 
(NCT00035295) 

 n/a n/a n/a Mod. Mod. Mod. 

81. Keller 2006c (Study062) 
(NCT00048607) 

 n/a Mod. n/a Mod. Mod. Mod. 

82. Kramer 1998  n/a n/a n/a Mod. Mod. Mod. 

83. Lam 1995  n/a Mod. n/a Mod. Mod. Mod. 

84. Learned 2012 
(NCT00420641) 

 n/a Mod. n/a Mod. n/a Mod. 

85. Lepola 2003 (ESC 
99003) 

 n/a Low n/a n/a Low Low 

86. Loo 2002 (CL2-014)  n/a Low n/a Mod. Mod. Mod. 

87. Lopez Rodriguez 2004  n/a Mod. n/a Mod. Mod. Mod. 

88. Lydiard 1997  n/a Mod. n/a n/a Mod. Mod. 

89. M/2020/0046 (Study 046)  n/a Mod. n/a n/a Mod. Mod. 

90. M/2020/0047 (Study 047)  n/a Mod. n/a n/a Mod. Mod. 
91. Mao 2015 

(NCT01098318) 
Mild n/a Mod. n/a n/a Mod. Mod. 

92. Mathews 2015 
(NCT01473381) 

 Low Low n/a Low n/a Low 

93. McGrath 2000  n/a n/a n/a n/a Mod. Mod. 

94. Mendels 1999 (Study 
85A - FDA) 

 n/a Mod. n/a n/a Mod. Mod. 
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95. Miller 1989 
(MDUK/29060/III/82/006 
(PAR-274) PAR UK 06 - 
FDA) 

 n/a Mod. n/a Mod. n/a Mod. 

96. Mischoulon 2014 
(NCT00101452) 

 n/a Mod. n/a n/a Mod. Mod. 

97. Montgomery 1992 (Study 
89303 FDA) 

 Mod. Mod. n/a Mod. Mod. Mod. 

98. Moreno 2005  n/a Mod. n/a Mod. Mod. Mod. 

99. Moscovitch 2004  n/a Low n/a n/a Low Low 
100. Mundt 2012 

(NCT00406952) 
 n/a Mod. n/a n/a Mod. Mod. 

101. MY-1008/BRL-
029060/2/CPMS-076  

 n/a n/a n/a Mod. n/a Mod. 

102. MY-1042/BRL-
029060/CPMS-251 

 n/a Mod. n/a n/a Mod. Mod. 

103. MY-1043/BRL-
029060/115 

 n/a n/a n/a n/a Mod. Mod. 

104. MY-1045/BRL-
029060/1 (PAR 128) 

 n/a Mod. n/a n/a Mod. Mod. 

105. NCT00822744 
(EudraCT Number2008-
001718-26) 

 n/a n/a n/a Mod. Mod. Mod. 

106. NCT01020799  n/a Low n/a Low n/a Low 

107. NCT01808612  Low n/a n/a Low Low Low 

108. Nemeroff 2007  n/a Mod. n/a n/a Mod. Mod. 
109. Nierenberg 2007 

(F1J-MC-HMCR, 
NCT00073411, 
Pigott2007) 

 n/a Low n/a Low Low Low 

110. Ninan 2003 (poster 
SCT-MD-26) 

 n/a Mod. n/a n/a Mod. Mod. 

111. NKD20006 
(NCT00048204) 

 n/a Mod. n/a Mod. Mod. Mod. 

112. Norton 1984  n/a Low n/a n/a n/a Low 

113. Olie 1997  n/a Low n/a n/a Mod. Mod. 

114. PAR 279 MDUK  n/a Mod. n/a Mod. n/a Mod. 

115. Perahia 2006 (HMAY 
- Study Group B) 

Mild n/a Low n/a Low Low Low 

116. PZ/109 (Hieronymus 
2016) 

 n/a Mod. n/a n/a n/a Mod. 

117. PZ/111 (Hieronymus 
2016) 

 n/a Mod. n/a n/a n/a Mod. 

118. Rapaport 2009 
(BRL-29060/874) 
(NCT00067444) 

 Low n/a n/a Mod. Mod. Mod. 

119. Ravindran 1995  n/a n/a n/a n/a Mod. Mod. 

120. Reimherr 1990 (SER 
104 - FDA) 

 n/a Mod. n/a n/a Mod. Mod. 

121. Rosenberg 1994  Low n/a n/a n/a n/a Low 

122. Roth 1990  n/a Mod. n/a n/a n/a Mod. 

123. Rudolph 1999  n/a Low n/a n/a Low Low 

124. Ruhe 2009  n/a n/a Low n/a n/a Low 

125. Schatzberg 2006a  n/a n/a n/a n/a Mod. Mod. 

126. Schneider 2003  n/a n/a n/a n/a Low Low 

127. Schweizer 1990  n/a n/a High n/a n/a High 
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128. Schweizer 2001  n/a n/a Mod. n/a n/a Mod. 
129. SCT-MD-35 

(NCT00109044) 
 n/a n/a n/a Mod. n/a Mod. 

130. SCT-MD-49 
(NCT00668525) 

 Mod. Low n/a Low Mod. Mod. 

131. SER 101 (FDA)  Mod. n/a n/a High High High 

132. SER 310 (FDA)  Mod. n/a n/a Mod. Mod. Mod. 

133. SER 315 (FDA)  n/a Mod. n/a n/a Mod. Mod. 

134. Sheehan2009a  n/a Mod. n/a n/a n/a Mod. 

135. Silverstone 1999  n/a Mod. n/a n/a Mod. Mod. 

136. Sramek 1995  n/a Low n/a Low Low Low 

137. Stahl 2000  n/a Mod. n/a n/a Mod. Mod. 
138. Stark 1985 (Study 27 

- FDA) 
 n/a Mod. n/a n/a Mod. Mod. 

139. Study 19 (Fabre 
1985) 

 n/a Mod. n/a n/a n/a Mod. 

140. Study 25 (Rickels 
1986) 

 n/a Mod. n/a n/a n/a Mod. 

141. Study 62a (FDA) -
(Dunlop1990) 

Mild Mod. Mod. n/a Mod. Mod. Mod. 

142. Study 62b (FDA)  n/a Mod. n/a Mod. Mod. Mod. 

143. Study 89306 (FDA)  Mod. Mod. n/a Mod. Mod. Mod. 

144. Study F1J-MC-
HMAQ - Study Group B  

Mild n/a Mod. n/a Mod. Mod. Mod. 

145. Suri 2000  Mod. n/a n/a n/a n/a Mod. 

146. Trivedi 2004 
(29060/810) 

 Low Mod. n/a Mod. Mod. Mod. 

147. Tural 2003  High n/a n/a n/a n/a High 

148. VEN XR 367 (FDA)  n/a Mod. n/a Mod. Mod. Mod. 

149. Wade 2002 (ESC 
Study 99001 - FDA) 

 n/a Low n/a Low Low Low 

150. Walczak 1996  Mod. n/a n/a n/a n/a Mod. 

151. Wang  2014 
(EUCTR2005-005052-
40, NCT00351169, 
D1448C00004) 

 n/a Mod. n/a n/a Low Low 

152. WELL AK1A4006  n/a Mod. n/a n/a Mod. Mod. 

153. Wernicke 1987  Mod. n/a n/a n/a n/a Mod. 

154. Wernicke 1988  Mod. n/a n/a Mod. Mod. Mod. 

155. Yevtushenko 2007  Low n/a n/a Low n/a Low 

156. 003-048  n/a Mod. n/a Low n/a Mod. 

157. 244 (EMD 68 843-
009) (FDA) 

 n/a Mod. n/a n/a Mod. Mod. 

158. 245 (EMD 68 843-
010) (FDA) 

 Mod. Mod. n/a Mod. Mod. Mod. 

159. 246 (SB 659746-
003) (FDA) 

 Mod. Mod. n/a Mod. Mod. Mod. 

160. 29060/07/01  n/a Mod. n/a n/a n/a Mod. 
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