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Background: Reviews have compared the efficacy and tolerabil-
ity of newer second-generation antidepressants with those of pla-
cebo or older treatments, but comparative evidence for use of
second-generation antidepressants to treat major depressive dis-
order has not been evaluated.

Purpose: To systematically evaluate comparative data on the
efficacy, effectiveness, and tolerability of commonly prescribed
second-generation antidepressants (selective serotonin reuptake
inhibitors, bupropion, duloxetine, mirtazapine, and venlafaxine) in
the treatment of major depressive disorder.

Data Sources: MEDLINE, EMBASE, and PsychLit; the Cochrane
Library; and the International Pharmaceutical Abstracts were
searched from January 1980 through February 2005 for reviews;
randomized, controlled trials; meta-analyses; and observational
studies.

Study Selection: The authors reviewed 46 head-to-head ran-
domized, controlled trials comparing one second-generation anti-
depressant with another. Twenty-four observational studies and
placebo-controlled trials were also included for assessment of
safety and tolerability.

Data Extraction: Two researchers independently reviewed titles
and abstracts. Trained reviewers abstracted data from each study
and assigned an initial quality rating. A second reviewer verified
the data extraction and quality rating.

Data Synthesis: According to fair to good evidence, the second-
generation antidepressants that were compared had only minimal
differences in efficacy, and 88% of comparative efficacy studies
reported no statistically significant difference in any outcome mea-
sure at the end of the study. One effectiveness trial rated good
and 2 effectiveness trials rated fair reported no statistically signif-
icant differences in primary outcome measures for compared
drugs. Meta-analyses showed a modest but statistically significant
additional treatment effect for sertraline and venlafaxine compared
with fluoxetine. About 96% of comparative trials were sponsored
by or had at least 1 author affiliated with a pharmaceutical com-
pany; the remaining trials did not report funding sources. Adverse
event profiles differed among drugs; however, the degree and
quality of adverse event assessment varied and only 13% of trials
used a standardized scale to assess adverse events.

Limitations: Quantitative analyses could not be done for many
drug comparisons because the quantity and quality of the evi-
dence were inadequate. Most published evidence was from trials
sponsored by pharmaceutical companies, and publication bias
may have occurred.

Conclusions: Overall, second-generation antidepressants prob-
ably do not differ substantially for treatment of major depressive
disorder. Choosing the agent that is most appropriate for a given
patient is difficult.
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Major depressive disorder is a serious disabling illness
that affects more than 16% of adults in the United

States at some point in their lifetime (1). In 2000, the
economic burden of depressive disorders in the United
States was estimated to be $83.1 billion (2). Current prac-
tice guidelines for the treatment of major depressive disor-
der recommend pharmacotherapy, psychotherapy, psycho-
therapy plus pharmacotherapy, or electroconvulsive
therapy. In most cases, pharmacotherapy is first-line treat-
ment for major depressive disorder. Moreover, it is a prac-
tical tool for primary care physicians, who prescribe the
majority of antidepressants in the United States (3).

Pharmacologic treatment for major depressive dis-
order includes first-generation antidepressants (tricyclic anti-
depressants and monoamine oxidase inhibitors) and second-
generation antidepressants. Second-generation medications
include selective serotonin reuptake inhibitors (SSRIs); selec-
tive norepinephrine reuptake inhibitors; and other drugs
that selectively affect the activity of neurotransmitters, such as
serotonin, norepinephrine, and dopamine. In general, the ef-
ficacy of first- and second-generation antidepressant medica-
tions is similar (4–6). However, first-generation antidepres-

sants often cause multiple side effects that many patients find
intolerable (7–9), and the risk for harm when taken in over-
dose or in combination with certain medications is high. Be-
cause of their relatively favorable side effect profile, the
second-generation antidepressants play a prominent role in
the management of patients with major depressive disorder.

Reviews have compared the efficacy and tolerability of
newer second-generation antidepressants with those of pla-
cebo or older treatments (6, 10, 11) but did not evaluate
comparative evidence for second-generation antidepres-
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sants. We therefore sought to systematically evaluate com-
parative data on the efficacy, effectiveness, and tolerability
of commonly prescribed second-generation antidepres-
sants. Specifically, we conducted a systematic review and
meta-analysis of comparative evidence for 6 SSRIs (citalo-
pram, escitalopram, fluoxetine, fluvoxamine, paroxetine,
and sertraline) and 4 other second-generation antidepres-
sants (bupropion, duloxetine, mirtazapine, and venlafax-
ine). From here on, we refer to these agents collectively as
antidepressants. We examine the role of these agents in the
initial treatment of ambulatory adult patients with major
depressive disorder.

METHODS

Key Questions
Key questions designed to address the comparative ef-

ficacy, effectiveness, safety, and tolerability of antidepres-
sants guided our research. A consortium of 12 state Med-
icaid programs, the Canadian Coordinating Office for
Health Technology Assessment, the California HealthCare
Foundation, and key experts formulated the questions and
provided funding for this research.

Literature Search
To identify articles relevant to each key question, we

searched MEDLINE, EMBASE, and PsychLit; the Coch-
rane Library; and the International Pharmaceutical Ab-
stracts. To capture articles relevant to the scope of our
topic, our searches covered 1980 through 28 February

2005. We manually searched reference lists of relevant re-
view articles and letters to the editor. Pharmaceutical man-
ufacturers were invited to submit dossiers, including cita-
tions, as outlined by the Drug Effectiveness Review Project
(12). We requested unpublished studies from the U.S.
Food and Drug Administration, but this agency did not
release unpublished data.

Study Selection
Two persons independently reviewed titles and ab-

stracts. If both reviewers agreed that a trial did not meet
preestablished eligibility criteria (Appendix Table, avail-
able at www.annals.org), we excluded it. To assess efficacy
and effectiveness, we included head-to-head trials compar-
ing one antidepressant with another. We defined effective-
ness trials as those that were conducted in primary care
settings, had an adequate duration of follow-up (�3
months), had minimal inclusion and exclusion criteria (so
that participants represented the general population), as-
sessed health outcomes rather than intermediate outcomes,
and had an adequate sample size to determine a minimally
important difference (from a patient’s perspective) on a
health-related quality of life instrument (13).

To assess safety and tolerability, we included head-to-
head trials, placebo-controlled trials, and observational
studies with large samples (�100 patients) lasting at least 1
year. We required a larger sample size for observational
studies because we wanted primarily to detect adverse
events that were not frequent enough to be apparent in
smaller trials.

Data Abstraction and Quality Assessment
Trained reviewers abstracted data from each study,

and a senior reviewer read each abstracted article and eval-
uated completeness of data extraction. We recorded inten-
tion-to-treat results if they were available. We assessed the
internal validity (quality) of trials by using predefined cri-
teria from the U.S. Preventive Services Task Force (ratings
of good, fair, or poor) (14) and the National Health Ser-
vice Centre for Reviews and Dissemination (15). Elements
of internal validity assessment included randomization, al-
location concealment, similarity of compared groups at
baseline, use of intention-to-treat analysis, and overall and
differential loss to follow-up. We defined loss to follow-up
as the number of persons who underwent randomization
but did not complete the study (16), independent of the
reason and whether intention-to-treat analysis was used.
We rated studies as poor if they had more than 40% over-
all loss to follow-up or more than 15 percentage points of
differential loss to follow-up between study groups.

Data Synthesis
We first qualitatively summarized the studies. When

more than 3 head-to-head trials compared the same treat-
ments, we did quantitative analyses. In these, the primary
outcome measure was treatment response, defined as 50%

Context

The relative benefits and harms of newer, second-genera-
tion antidepressants are sometimes confusing.

Contribution

In this review of 46 head-to-head randomized trials, the
authors generally found no major differences in the num-
bers of adults with major depression who responded to
second-generation antidepressants, such as selective sero-
tonin reuptake inhibitors, bupropion, duloxetine, mirtazap-
ine, and venlafaxine. The overall incidence of adverse
events appeared similar across drugs, although types of
adverse events varied.

Cautions

Trials were funded by industry and had variable quality
and follow-up duration.

Implications

Second-generation antidepressants generally have similar
benefits but different possible harms for adults with major
depression.

–The Editors
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or greater improvement on the Hamilton Rating Scale for
Depression (HAM-D) or the Montgomery–Asberg De-
pression Rating Scale from baseline to study end. The rel-
ative benefit reflects the ratio of benefits or risks in one

treatment group compared with another. When treatment
effects differed between studies, we explored potential rea-
sons for these differences. For each meta-analysis, we tested
for heterogeneity of treatment effects by using I2 statistics.

Table 1. Characteristics of Efficacy or Effectiveness Trials Comparing One Selective Serotonin Reuptake Inhibitor with Another*

Author, Year
(Reference)

Patients,
n

Mean
Age,
y

Women,
%

Duration,
wk

Drug Comparison Main Results† Quality
Rating

Burke et al., 2002
(25)

491 40 64 8 Citalopram‡, 40 mg/d, vs.
escitalopram‡, 10 mg/d, and
20 mg/d

No differences Fair

Lepola et al., 2003
(26)

471 43 72 8 Citalopram‡, 20–40 mg/d, vs.
escitalopram‡§, 10–20 mg/d

Significant
differences

Fair

Patris et al., 1996
(24)

357 43 77 8 Citalopram‡, 20 mg/d, vs.
fluoxetine, 20 mg/d

No differences Fair

Ekselius et al., 1997
(21)�

400 47 72 24 Citalopram, 20–60 mg/d, vs.
sertraline‡, 50–150 mg/d

No differences Good

Dalery and Honig,
2003 (27)

184 42 63 6 Fluoxetine, 20 mg/d, vs.
fluvoxamine‡, 100 mg/d

No differences Fair

Rapaport et al.,
1996 (41)

100 39 62 7 Fluoxetine, 20–80 mg/d, vs.
fluvoxamine‡, 100–150 mg/d

No differences Fair

Cassano et al., 2002
(28)¶

242 75 56 52 Fluoxetine, 20–60 mg/d, vs.
paroxetine‡, 20–40 mg/d

No differences Fair

Chouinard et al.,
1999 (29)**

203 41 62 12 Fluoxetine, 20–80 mg/d, vs.
paroxetine‡, 20–50 mg/d

No differences Fair

De Wilde et al.,
1993 (30)**

100 44 48 6 Fluoxetine, 40–60 mg/d, vs.
paroxetine‡, 30–40 mg/d

No differences Fair

Schone and Ludwig,
1993 (31)**

108 74 87 6 Fluoxetine, 20–60 mg/d, vs.
paroxetine§‡‡, 20–40 mg/d

Significant
differences

Fair

Fava et al., 1998
(32)**

128 41 51 12 Fluoxetine, 20–80 mg/d, vs.
paroxetine‡, 20–50 mg/d

No differences Fair

Fava et al., 2002
(36)**††

284 43 60 10–16 Fluoxetine‡, 20–60 mg/d, vs.
paroxetine, 20–60 mg/d

No differences Fair

Gagiano, 1993
(40)**

90 38 80 6 Fluoxetine, 20–60 mg/d, vs.
paroxetine, 20–40 mg/d

No differences Fair

Kroenke et al., 2001
(23)�¶††

601 46 79 39 Fluoxetine‡, 23 mg/d‡‡, vs.
paroxetine, 24 mg/d‡‡

No differences Fair

Bennie et al., 1995
(33)**

286 50 61 6 Fluoxetine, 20–40 mg/d, vs.
sertraline‡, 50–100 mg/d

No differences Fair

Boyer et al., 1998
(34)**

242 43 78 26 Fluoxetine, 20–60 mg/d, vs.
sertraline‡, 50–150 mg/d

No differences Fair

Sechter et al., 1999
(22)�**

238 43 67 24 Fluoxetine, 20–60 mg/d, vs.
sertraline‡, 50–150 mg/d

No differences Fair

Newhouse et al.,
2000 (35)**

236 68 57 12 Fluoxetine, 20–40 mg/d, vs.
sertraline‡, 50–100 mg/d

No differences Fair

Fava et al., 2002
(36)**††

284 43 60 10–16 Fluoxetine‡, 20–40 mg/d, vs.
sertraline, 50–200 mg/d

No differences Fair

Kroenke et al., 2001
(23)�¶††

601 46 79 39 Fluoxetine‡, 23 mg/d‡‡, vs.
sertraline, 73 mg/d‡‡

No differences Fair

Kiev and Feiger,
1997 (42)

60 41 53 7 Fluvoxamine‡, 50–150 mg/d, vs.
paroxetine, 20–50 mg/d

No differences Fair

Nemeroff et al.,
1995 (38)

95 40 61 7 Fluvoxamine‡, 50–150 mg/d, vs.
sertraline, 50–200 mg/d

No differences Fair

Franchini et al., 1997
(39)

64 48 77 104 Fluvoxamine, 200–300 mg/d, vs.
sertraline, 100–200 mg/d

No differences Fair

Aberg-Wistedt et al.,
2000 (37)

353 NR NR 24 Paroxetine, 20–40 mg/d, vs.
sertraline‡, 50–150 mg/d

No differences Fair

Fava et al., 2002
(36)††

284 43 60 10–16 Paroxetine, 20–60 mg/d, vs.
sertraline, 50–200 mg/d

No differences Fair

Kroenke et al., 2001
(23)�¶††

601 46 79 39 Paroxetine, 24 mg/d‡‡, vs. sertraline,
73 mg/d‡‡

No differences Fair

* NR � not reported.
† Statistically significant differences in any measure of efficacy. The assessment of statistical significance is influenced by sample size, population characteristics, and study
design.
‡ The trial was sponsored by, or at least 1 author was affiliated with, the manufacturer of the drug.
§ Statistically significant differences favor this drug.
� Effectiveness trial.
¶ Although a meta-analysis was conducted, this trial was excluded.
** This trial was included in the meta-analysis.
†† This trial had multiple arms; we report each comparison separately.
‡‡ Mean dosage.
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If no heterogeneity was detected, we applied both a ran-
dom-effects and a fixed-effects model. We report the re-
sults of the more conservative random-effects models (17)
because the validity of tests of heterogeneity can be limited
with a small number of component studies. To estimate
possible publication bias caused by the tendency of pub-
lished studies to be positive, we used funnel plots, the Begg
adjusted rank correlation test (18), and the Egger regres-
sion approach (19). However, because these tests have low
statistical power when the number of trials is small (20),
undetected bias may still be present. All statistical analyses
were conducted by using StatsDirect Statistical Software,
version 2.3.8 (StatsDirect, Ltd., Sale, United Kingdom).

We calculated the mean incidence and 95% CIs for
specific adverse events reported in included trials. Because
assessment and reporting of adverse events varied greatly
among trials, this evidence should be interpreted with cau-
tion.

Role of the Funding Sources
The funding sources contributed to the development

of the key questions but had no role in the conduct or
reporting of the study or in the decision to submit the
manuscript for publication.

RESULTS

We found 820 unduplicated citations. Manual review
of the reference lists of pertinent review articles produced
another 74 articles. Although 6 pharmaceutical companies
submitted dossiers, no included studies stemmed from the
dossiers. Therefore, 894 citations were included in our data-
base (Appendix Figure, available at www.annals.org).

Forty-six randomized, controlled trials compared the
effectiveness or efficacy of one SSRI or other antidepressant
with that of another in the treatment of major depressive
disorder (Tables 1 and 2). (Complete evidence tables are
available at www.ohsu.edu/drugeffectiveness/reports/final
.cfm or from the authors.) Most studies were efficacy trials
and received a rating of fair for internal validity; some trials
rated fair may have fulfilled all quality criteria but did not
report methods to an extent that answered all of our ques-
tions. We considered 2 trials from Europe (21, 22) and 1
trial from the United States (23) conducted in primary care
settings to be effectiveness trials. Sixty percent of included
trials were less than 12 weeks in duration. The samples
consisted mostly of persons younger than 60 years of age;
samples consisted of persons 60 years of age or older in 6
trials (13%) and children or adolescents younger than 18
years of age in 3 trials (7%). Although sponsorship did not
influence our quality rating, it may have influenced report-
ing. About 85% of trials in our review were sponsored by a
pharmaceutical company, and an additional 11% had at
least 1 author affiliated with a pharmaceutical company.
The remaining 4% of included studies did not report
funding sources.

We excluded 118 full-text articles that did not meet
our eligibility criteria (Appendix Figure, available at www
.annals.org). The majority of studies were excluded because
of study design. We excluded 10 studies because of poor
quality. Four of the poor-quality studies were comparative
trials that were excluded because of high overall or differ-
ential loss to follow-up (68–71); the remaining 6 were
pooled analyses that lacked a systematic literature search or
excluded important trials (72–77).

Comparisons of SSRIs with SSRIs
Efficacy or Effectiveness

Twenty-one studies rated fair (22–42) and 1 study
rated good (21) compared one SSRI with another SSRI
(Table 1). Of these studies, we classified 3 (14%) as effec-
tiveness trials (21–23).

Overall, these trials reported similar outcomes among
the 6 SSRIs; moreover, 20 trials reported no statistically
significant differences in any efficacy measure at study end
(21–25, 27–30, 32–42). Two trials rated fair reported sta-
tistically significant differences between SSRIs on at least 1
outcome measure (26, 31). Of these, one 8-week trial (26)
comparing escitalopram with citalopram reported more re-
sponders in the escitalopram group (�50% improvement
in total score on the Montgomery–Asberg Depression Rat-
ing Scale; 64% vs. 53% [P � 0.021]). A similarly designed
trial did not find statistically significant differences between
escitalopram and citalopram (25). Of the 8 trials that com-
pared paroxetine with fluoxetine, 7 reported no differences
on any efficacy measure (23, 28–30, 32, 36, 40). One
study (31) reported statistically significantly more respond-
ers in the paroxetine group (�50% improvement in
HAM-D total score; 38% vs. 17% [P � 0.05]); it was
conducted in an older (mean age, 74 years), primarily fe-
male (87%) sample, was relatively short (6 weeks), and was
small (108 patients). A larger study of patients 65 years of
age or older reported no differences between treatment
groups at 1 year (28).

The most likely explanation for the fact that some
trials reported statistically significant differences in certain
efficacy measures but similarly designed trials did not is the
play of chance in these relatively small studies. Further-
more, most trials were sponsored by pharmaceutical com-
panies, and statistically significant differences frequently fa-
vored the sponsor’s antidepressant. On average, response
rates were 5 percentage points (95% CI, 2 to 9 percentage
points) higher for sponsored drugs. No effectiveness trial
reported statistically significant differences between anti-
depressants. We did not identify systematic differences be-
tween findings of trials that were related to their quality
rating, sample size, noninferiority design, or duration.

Speed of Response

Most trials reported no difference among SSRIs in
speed of patient response. Evidence of a faster response to
citalopram (24), fluvoxamine (27), and paroxetine (28, 30,
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31) than to fluoxetine is based on results of 1 trial only
(24) or is inconsistent with other evidence (27–31).

Quality of Life

Comparative evidence for health-related quality of life de-
rives from 9 studies (22, 23, 25, 27, 28, 31, 34, 35, 37). All

studies comparing one SSRI with another provided good to
fair evidence that SSRIs do not greatly differ in improving
health-related quality of life. Although sleep quality was rarely
assessed, 1 trial comparing fluvoxamine with fluoxetine (27)
reported better sleep quality among fluvoxamine-treated pa-
tients.

Table 2. Characteristics of Efficacy or Effectiveness Trials Comparing a Selective Serotonin Reuptake Inhibitor with Another
Second-Generation Antidepressant

Author, Year
(Reference)

Patients,
n

Mean
Age,
y

Women,
%

Duration,
wk

Drug Comparison* Main Results† Quality
Rating

Bielski et al., 2004
(62)

198 37 58 8 Escitalopram‡, 20 mg/d, vs.
venlafaxine XR, 225 mg/d

No differences Fair

Montgomery et al.,
2004 (63)

293 48 71 8 Escitalopram‡, 10–20 mg/d, vs.
venlafaxine XR, 75–150 mg/d

No differences Fair

Feighner et al., 1991
(43)

123 42 62 7 Fluoxetine, 20–80 mg/d, vs.
bupropion‡, 225–450 mg/d

No differences Fair

Coleman et al., 2001
(44)

456 37 63 8 Fluoxetine, 20–60 mg/d, vs.
bupropion SR‡, 150–400 mg/d

No differences Fair

Goldstein et al., 2002
(60)

173 41 64 8 Fluoxetine‡, 20 mg/d, vs.
duloxetine‡, 120 mg/d

No differences Fair

Hong et al., 2003
(45)

132 47 63 6 Fluoxetine, 20–40 mg/d, vs.
mirtazapine‡, 15–45 mg/d

No differences Fair

Costa e Silva, 1998
(64)§

382 40 79 8 Fluoxetine, 20–40 mg/d, vs.
venlafaxine‡, 75–150 mg/d

No differences Good

Alves et al., 1999
(46)�

87 44 92 12 Fluoxetine, 20–40 mg/d, vs.
venlafaxine‡§, 75–150 mg/d

No differences Fair

Tylee et al., 1997
(47)�

341 45 71 12 Fluoxetine, 20 mg/d, vs.
venlafaxine‡¶, 75–150 mg/d

No differences Fair

Dierick et al., 1996
(48)�

314 43 65 8 Fluoxetine, 20 mg/d, vs.
venlafaxine‡, 75–150 mg

Significant
differences

Fair

De Nayer et al., 2002
(49)�

146 43 68 12 Fluoxetine, 20–40 mg/d, vs.
venlafaxine‡¶, 75–150 mg/d

Significant
differences

Fair

Rudolph and Feiger,
1999 (50)�

301 40 68 8 Fluoxetine, 20–60 mg/d, vs.
venlafaxine XR‡, 75–225 mg/d

No differences Fair

Silverstone and
Ravindran, 1999
(51)�

368 42 59 12 Fluoxetine, 20–60 mg/d, vs.
venlafaxine XR‡¶, 75–225 mg/d

No differences Fair

Weihs et al., 2000
(65); Doraiswamy
et al., 2001 (67)

100 71 57 6 Paroxetine‡, 20–40 mg/d, vs.
bupropion SR‡, 100–300 mg/d

No differences Good

Detke et al., 2004
(61)

367 43 73 8 Paroxetine, 20 mg/d, vs.
duloxetine‡, 80 mg/d, and
120 mg/d

No differences Fair

Schatzberg et al.,
2002 (52)

254 72 50 8 Paroxetine, 20–40 mg/d, vs.
mirtazapine‡, 15–45 mg/d

No differences Fair

Benkert et al., 2000
(53)

275 47 63 6 Paroxetine, 20–40 mg/d, vs.
mirtazapine‡, 15–45 mg/d

No differences Fair

Ballus et al., 2000
(54)

84 45 88 24 Paroxetine, 20–40 mg/d, vs.
venlafaxine‡, 75–150 mg/d

No differences Fair

McPartlin et al., 1998
(55)

361 45 68 12 Paroxetine, 20 mg/d, vs.
venlafaxine XR‡, 75 mg/d

No differences Fair

Coleman et al., 1999
(56)

364 38 56 8 Sertraline, 50–200 mg/d, vs.
bupropion SR‡, 150–400 mg/d

No differences Fair

Croft et al., 1999
(57)

360 36 50 8 Sertraline, 50–200 mg/d, vs.
bupropion SR‡, 150–400 mg/d

No differences Fair

Kavoussi et al., 1997
(58)

248 40 48 16 Sertraline, 50–200 mg/d, vs.
bupropion SR‡, 100–300 mg/d

No differences Fair

Behnke et al., 2003
(59)

346 42 58 8 Sertraline, 50–150 mg/d, vs.
mirtazapine‡, 30–45 mg/d

No differences Fair

Mehtonen et al.,
2000 (66)

147 43 66 8 Sertraline, 50–100 mg/d, vs.
venlafaxine‡¶, 75–150 mg/d

Significant
differences

Good

* XR and SR refer to extended-release formulations.
† Differences reported here reflect statistically significant differences in any measure of efficacy; this assessment of statistical significance is influenced by sample size, study
design, and population characteristics.
‡ The trial was sponsored by, or at least 1 author was affiliated with, the manufacturer of the drug.
§ Although a meta-analysis was conducted, this trial was excluded.
� The trial was included in the meta-analysis.
¶ Statistically significant differences favor this drug.
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Meta-Analyses of SSRIs
Fluoxetine versus Paroxetine

We pooled 6 studies (774 patients) that compared par-
oxetine with fluoxetine and classified treatment response
on the HAM-D scale (27–32, 36, 40). We excluded 1
study because of lack of data (28) and 1 study because it
used a different outcome measure (23). The rate of being a
responder at study end (Figure 1) did not differ signifi-
cantly between fluoxetine and paroxetine (relative benefit,
1.09 [CI, 0.97 to 1.21]). The Begg adjusted rank correla-
tion test (Kendall �, 0.3; P � 0.47) and the Egger regres-
sion approach (intercept, 2.107 [CI, �0.237 to 4.450])
suggested no major publication bias. One small study of
short duration (31) reported a treatment effect that ap-
peared to be inconsistent with the body of evidence; exclu-
sion of this study had little effect on results.

Fluoxetine versus Sertraline

We pooled 5 studies (1190 patients) that compared
fluoxetine with sertraline (22, 33–36). We excluded 1
study because it used a different outcome measure (23).
Although no individual trial reported statistically signifi-
cant findings, pooled results suggested a modest additional
treatment effect (relative benefit, 1.10 [CI, 1.01 to 1.22])
for sertraline compared with fluoxetine (Figure 2). The
Begg adjusted rank order correlation test (Kendall �, 0.2;
P � 0.82) and the Egger regression approach (intercept,
0.799 [CI, �6.069 to 7.668]) suggested no publication
bias.

SSRIs Compared with Other Second-Generation
Antidepressants
Efficacy

No trial comparing an SSRI with another antidepres-
sant could be characterized as an effectiveness trial. Twen-
ty-one efficacy trials rated fair (43–63) and 3 efficacy trials
rated good (64–66) compared an SSRI with another anti-
depressant (Table 2).

Most trials showed evidence that SSRIs and other anti-
depressants have similar efficacy (43–47, 53–65). In sev-
eral trials, rates of response to venlafaxine were better than
those to SSRIs, but differences reached statistical signifi-
cance in only 3 trials (48, 49, 66). One such trial was a
Scandinavian study rated good that compared venlafaxine
with sertraline (66). More venlafaxine-treated patients than
sertraline-treated patients were responders (�50% im-
provement in HAM-D total score; 83% vs. 68%; P �
0.05), although no statistically significant differences were
noted for rates of response or remission on the Montgom-
ery–Asberg Depression Rating Scale or Clinical Global Im-
pression scales. Of 7 studies that compared venlafaxine
with fluoxetine (46–51, 64), 4 trials rated fair and 1 trial
rated good reported no statistically significant differences
in response rate on the HAM-D scale at study end (46, 47,
50, 51, 64). Two trials rated fair found statistically signif-
icant differences: For venlafaxine-treated patients, 1 study
reported significantly higher response rates on the HAM-D
scale (48) and 1 reported significantly higher response rates
on the Montgomery–Asberg Depression Rating Scale (49).

We explored possible reasons for the conflicting evi-
dence. As with comparisons of SSRIs with other SSRIs,

Figure 1. Meta-analysis of fluoxetine compared with paroxetine.

The numbers on each side of the 95% CI are the number of responders over the total number of participants who were randomly allocated to receive
that drug. The total number of responders does not always match Table 1 because of postrandomization exclusions or use of observed cases analysis.
*Trial sponsored by or authors affiliated with GlaxoSmithKline (Philadelphia, Pennsylvania) or SmithKline Beecham (Research Triangle Park, North
Carolina), the manufacturer of paroxetine. †Trial sponsored by or authors affiliated with Eli Lilly (Indianapolis, Indiana), the manufacturer of fluoxetine.
‡Funding source not reported.
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trials reporting significant differences frequently were
funded by a pharmaceutical company, and the company’s
drug was favored over the comparator. Also, as with the
SSRI comparisons, we could not determine whether the
statistically nonsignificant findings were consistently re-
lated to quality ratings, trial duration, sample size, or non-
inferiority design.

Speed of Response

Twenty trials assessed evidence of speed of response to
SSRIs or other antidepressants (43–45, 47–51, 54–58,
60–66). On average, clinical response occurred 4 to 6
weeks after the start of therapy. Mirtazapine consistently
had a faster onset of action than did fluoxetine, sertraline,
or paroxetine (45, 52, 53, 59). However, no statistically
significant differences in response rates existed at study end
in any of these trials. The evidence regarding a faster speed
of response to venlafaxine compared with SSRIs is mixed.
Three of 12 trials comparing venlafaxine with an SSRI
reported significantly more responders to venlafaxine at 1
to 4 weeks (46, 49, 66).

Quality of Life

Five trials in 6 published articles assessed quality of life
or health-related functional capacity (47, 55, 61, 62, 65,
67). No differences in overall quality of life were reported
for comparisons of an SSRI with another antidepressant. In
1 trial comparing mirtazapine with sertraline (59), sleep
quality was better among mirtazapine-treated patients.
However, this outcome was rarely reported (and possibly
not assessed) in other trials.

Meta-Analysis of Venlafaxine versus Fluoxetine
We pooled 6 studies (1340 patients) comparing ven-

lafaxine with fluoxetine (46–51). We excluded 1 study be-

cause we could not extract all necessary data (64). More
venlafaxine-treated patients than fluoxetine-treated patients
were responders, according to the HAM-D scale, at study
end (Figure 3). The Begg adjusted rank order correlation
test (Kendall �, 0.067; P � 0.99) and the Egger regression
approach (intercept, 0.141 [CI, �4.158 to 4.440]) did not
suggest publication bias.

Tolerability and Adverse Events
Methods used to assess adverse events and the quality

of reporting of specific events differed among studies. In
most trials, open-ended questioning was used to elicit ad-
verse events, leading to great variability in the quantity and
quality of reporting. An assessment scale for adverse events
was used in only 6 trials (13%). Most observational studies
did not assess specific adverse events, such as nausea, vom-
iting, dizziness, headache, or insomnia.

The overall incidence of adverse events was similar
among antidepressants. Discontinuation rates attributed to
adverse events were similar (78), but good to fair evidence
suggested that the profiles of side effects differed among
drugs. Table 3 shows the mean incidence and 95% CIs for
specific adverse events that were commonly reported in
trials. Statistics are descriptive only, and comparisons
across drugs should be made with caution, given differ-
ences in assessment and reporting of adverse events across
trials.

Nausea and Vomiting

Rates of nausea and vomiting were consistently higher
for venlafaxine than for SSRIs. This trend was statistically
nonsignificant in 6 trials (46, 49, 51, 55, 64, 66) and
significant in 6 trials (47, 48, 50, 54, 62, 63). Across ven-
lafaxine trials, the mean incidence of nausea was 31% (CI,
27% to 34%).

Figure 2. Meta-analysis of fluoxetine compared with sertraline.

The numbers on each side of the 95% CI are the number of responders over the total number of participants who were randomly allocated to receive
that drug. The total number of responders does not always match Table 1 because of postrandomization exclusions or use of observed cases analysis.
*Trial sponsored by or authors affiliated with Pfizer, Inc. (New York, New York), the manufacturer of sertraline. †Trial sponsored by or authors affiliated
with Eli Lilly (Indianapolis, Indiana), the manufacturer of fluoxetine.
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Sexual Side Effects

We did not pool data for sexual side effects because of
great variability in assessment methods and reporting.
Only bupropion trials used validated scales to assess sexual
side effects.

In 3 trials, the rate of sexual side effects was signifi-
cantly lower for bupropion than for sertraline (44, 56, 79).
One additional study reported fewer sexual side effects in
bupropion-treated patients than in fluoxetine-treated pa-
tients (58). Cross-sectional evidence suggested that bupro-
pion had one of the lowest rates of sexual side effects (80).
Multiple trials provided fair evidence that paroxetine, ser-
traline, and mirtazapine tend to have higher rates of sexual
side effects than do other antidepressants (36–38, 58, 59,
80–82).

Weight Gain

We did not pool data for changes in weight because of
large variability in assessment methods and reporting. In

general, most trials did not report statistically or clinically
(�7% change in body weight) significant changes in
weight. Of trials that did report changes in body weight
(21, 23, 29, 30, 36, 37, 45, 52–54, 59), those of mirtaza-
pine, paroxetine, fluoxetine, and sertraline differed in the
percentage of patients who reported such changes. On av-
erage, the most consistent percentage of patients who re-
ported weight gain were taking mirtazapine; these patients
had an estimated increase in body weight of 2 kg over 8
weeks (52, 53, 59). In the trials of SSRIs that reported
changes in body weight, the percentage of patients who
reported weight gain was highest in the paroxetine group
and lowest in the fluoxetine group (29, 30, 36, 37); we
could not estimate specific changes in weight on the basis
of these data. In 1 placebo-controlled study, bupropion
treatment appeared to be associated with moderate loss of
body weight: Patients with a baseline body mass index of
30 kg/m2 or more lost an average of 2.4 kg after 52 weeks
of treatment (83).

Figure 3. Meta-analysis of fluoxetine compared with venlafaxine.

The numbers on each side of the 95% CI are the number of responders over the total number of participants who were randomly allocated to receive
that drug. The total number of responders does not always match Table 2 because of postrandomization exclusions or use of observed cases analysis. All
trials were sponsored by or had authors affiliated with Wyeth-Ayerst (Madison, New Jersey), the manufacturer of venlafaxine.

Table 3. Mean Incidence of Specific Adverse Events across Comparative Trials*

Drug Mean Incidence (95% CI), %†

Diarrhea Dizziness Headache Insomnia Nausea

Bupropion 8.7 (1.2–16.1) 12.5 (3.4–21.6) 27.2 (18.4–36.0) 16.0 (13.3–18.7) 14.8 (8.9–20.6)
Citalopram 6.8 (1.8–11.8) NR 5 (0–24.1) 6.4 (1.6–11.2) 11.9 (0–24.8)
Duloxetine NR NR NR NR 10.9 (0–35.6)
Escitalopram 8.9 (1.6–16.1) NR 14.1 (0–29.9) 8.7 (1.3–16.2) 14.8 (6.1–23.5)
Fluoxetine 11.7 (6.8–16.6) 7.2 (4.3–10.0) 16.6 (10.2–23.0) 13.7 (10.0–17.4) 18.6 (15.1–22.1)
Fluvoxamine NR NR 14.5 (0–41.5) NR 22.2 (0–46.8)
Mirtazapine 8.8 (0–22.4) 12.0 (2.9–21.2) 12.1 (6.3–17.9) 8 (0–49.2) 4.3 (0–8.9)
Paroxetine 9.2 (5.6–12.9) 10.6 (7.5–13.7) 21.2 (11.1–31.3) 14.3 (8.6–20.1) 18.3 (11.1–25.6)
Sertraline 15.4 (10.2–20.6) 7.5 (4.6–10.4) 20.2 (12.8–27.6) 15.0 (8.7–21.3) 19.5 (14.4–24.6)
Venlafaxine 5.5 (1.0–10.1) 15.7 (7.0–24.4) 12.8 (8.0–17.6) 11.2 (3.4–19.0) 31.0 (27.4–34.0)

* NR � not reported.
† Calculated from data from randomized, controlled trials. The method and extent of assessment of adverse events varied among studies, and the pooled incidence should
be interpreted with caution.
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Other Adverse Events

Among comparative trials, dizziness was most com-
monly reported among venlafaxine-treated patients (mean
incidence, 16% [CI, 7% to 24%]). Headache (mean inci-
dence, 27% [CI, 18% to 36%]) and insomnia (mean inci-
dence, 16% [CI, 13% to 19%]) were most commonly re-
ported among bupropion-treated patients.

In a retrospective study, venlafaxine appeared to be
associated with a statistically significant increase in diastolic
blood pressure (84). Case reports and secondary data anal-
yses highlighted the potential risk for hyponatremia (85),
seizures (86, 87), liver toxicity (88), and suicidality (89–
95) with certain antidepressants, but evidence from ran-
domized, controlled trials or prospective observational
studies was insufficient to draw firm conclusions about
these risks.

DISCUSSION

Overall, second-generation antidepressants did not dif-
fer substantially for treating patients with major depressive
disorder. Individual drugs may differ with respect to onset
of action, specific adverse events, and response rates on
certain health measurement scales. We underscore, how-
ever, that response rates differed only minimally and that
overall rates of adverse events and discontinuation of ther-
apy were similar across agents (78).

With rare exceptions, identifying which agent is most
appropriate for any given patient is difficult. As the Amer-
ican Psychiatric Association suggests, when therapy with
antidepressants is indicated, clinicians should make their
initial selection largely on the basis of the individual pa-
tient, expected side effects, patient preference, and cost
(96). In the absence of individual patient preferences in
terms of expected side effects or a product-specific dosing
schedule, selection of initial treatment might be based on
cost.

Effectiveness trials (sometimes referred to as practical
clinical trials) provide information on clinically relevant al-
ternatives, cover diverse groups in heterogeneous practice
settings, and encompass a broad range of health outcomes
(97). We applied predefined criteria to distinguish effec-
tiveness trials for this review and identified 3 such trials
(21–23), whose conclusions were consistent with the body
of evidence from efficacy trials. Although our methods
have face validity, little work has been done to validate
these criteria or assess the extent to which effectiveness
trials differ from efficacy trials.

Systematic reviews help to eliminate some sources of
bias, yet they still have important limitations. Although we
found a reasonable number of studies comparing one anti-
depressant with another, existing evidence is insufficient to
draw conclusions on all possible comparisons of individual
agents. Older agents (such as fluoxetine) were studied more
frequently than newer products (such as duloxetine) and
commonly served as the comparator. Investigators often

compared bupropion, mirtazapine, and venlafaxine with an
SSRI but not with each other. Another limitation is in-
complete trial reporting. Although our analytic methods
did not indicate substantial publication bias (that is, higher
rates of publication among studies that show a statistically
significant effect of treatment [20]), these methods had low
statistical power because few trials were published for each
comparison. We requested unpublished data from the U.S.
Food and Drug Administration and manufacturers of in-
cluded drugs but excluded unpublished studies because ab-
stracts or summaries did not provide enough information
to allow critical appraisal of the study.

Future research on pharmacotherapies for patients
with major depressive disorder should include large, high-
quality effectiveness trials. Measures of treatment effective-
ness should focus on clinically relevant health outcomes.
Investigators should define potential adverse events a priori
and use consistent methods to assess them. Specifically, to
assess risk fairly, investigators need to use standardized as-
sessment and reporting techniques, especially for such
events as sexual side effects and suicidal thoughts or behav-
iors. More, and more timely, head-to-head comparisons
are crucial for clarifying remaining questions about re-
sponses to and risks of therapy.

Finally, evidence-based medicine is only as powerful as
the available evidence. Because inconclusive trials funded
by pharmaceutical companies have been less likely to be
published, industry sponsorship for antidepressant trials is
prevalent, and sponsorship was associated with a 5–per-
centage point difference in treatment response (favoring
the sponsor’s drug), publication bias probably does influ-
ence the evidence base. Evidence from clinical trials of anti-
depressants should be made public, regardless of the spon-
sor or direction of the findings.
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Appendix Table. Inclusion and Exclusion Criteria

Outcome Inclusion Exclusion Criteria

Efficacy or effectiveness Randomized, head-to-head trials comparing one
second-generation antidepressant with
another

Overall loss to follow-up � 40%

Study duration � 6 wk Differential loss to follow-up � 15 percentage points
Pediatric or adult outpatients Statistically significant differences between treatment

groups that were deemed to affect outcomes
(e.g., baseline severity of illness)

Outcomes include response, speed of response,
remission, relapse, functional capacity, quality
of life, or hospitalization

Fatal flaws in study design or data analysis that
contribute to a quality rating of poor for internal
validity

Safety or tolerability Randomized, head-to-head trials comparing one
second-generation antidepressant with
another

Overall loss to follow-up � 40% in controlled trials

Placebo-controlled trials designed specifically to
assess adverse events

Differential loss to follow-up �15 percentage points
in comparative trials

Study duration � 6 wk (trials) Statistically significant differences between treatment
groups that were deemed to affect outcomes
(e.g., baseline severity of illness)

Observational studies covering � 1 year Fatal flaws in study design or data analysis that
contribute to a quality rating of poor for internal
validity

Sample size � 100 participants for observational
studies
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Appendix Figure. Flow diagram of the systematic review.

SSRI � selective serotonin reuptake inhibitor.
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