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Context: Some meta-analyses suggest that efficacy of an-

tidepressants for major depression is overstated and limited to severe depression.
Objective: To determine the short-term efficacy of antidepressants for treating major depressive disorder in
youth, adult, and geriatric populations.
Data Sources: Reanalysis of all intent-to-treat personlevel longitudinal data during the first 6 weeks of treatment of major depressive disorder from 12 adult, 4 geriatric, and 4 youth randomized controlled trials of
fluoxetine hydrochloride and 21 adult trials of venlafaxine hydrochloride.
Study Selection: All sponsor-conducted randomized
controlled trials of fluoxetine and venlafaxine.
Data Extraction: Children’s Depression Rating Scale–
Revised scores (youth population), Hamilton Depression Rating Scale scores (adult and geriatric populations), and estimated response and remission rates at
6 weeks were analyzed for 2635 adults, 960 geriatric patients, and 708 youths receiving fluoxetine and for 2421
adults receiving immediate-release venlafaxine and 2461
adults receiving extended-release venlafaxine.
Data Synthesis: Patients in all age and drug groups had

significantly greater improvement relative to control pa-
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tients receiving placebo. The differential rate of improvement was largest for adults receiving fluoxetine (34.6%
greater than those receiving placebo). Youths had the largest treated vs control difference in response rates (24.1%)
and remission rates (30.1%), with adult differences generally in the 15.6% (remission) to 21.4% (response) range.
Geriatric patients had the smallest drug-placebo differences, an 18.5% greater rate of improvement, 9.9% for
response and 6.5% for remission. Immediate-release venlafaxine produced larger effects than extended-release venlafaxine. Baseline severity could not be shown to affect
symptom reduction.
Conclusions: To our knowledge, this is the first research synthesis in this area to use complete longitudinal person-level data from a large set of published and
unpublished studies. The results do not support previous findings that antidepressants show little benefit except for severe depression. The antidepressants fluoxetine and venlafaxine are efficacious for major depressive
disorder in all age groups, although more so in youths
and adults compared with geriatric patients. Baseline severity was not significantly related to degree of treatment advantage over placebo.
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ECENT REPORTS SUGGEST

that the efficacy of antidepressant medications compared with placebo may be
overstated owing to publication bias1 and that antidepressants have
less efficacy for mildly depressed patients.2,3 For example,1 of 74 US Food and
Drug Administration–registered randomized controlled trials (RCTs) involving 12
antidepressants in 12 564 patients, 94% of
published trials were positive, whereas
only 51% of all US Food and Drug Administration–registered studies were posi-
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tive. A meta-analysis2 of 35 RCTs of 4 antidepressants (fluoxetine hydrochloride,
venlafaxine hydrochloride, nefazodone hydrochloride, and paroxetine hydrochloride) found that only studies with higher

See also page 580
average baseline severity achieved the
putative clinically significant 3-point difference in Hamilton Depression Scale
(HAM-D) scores.4 A study3 of individuallevel data from 6 RCTs comparing parox-
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etine or imipramine hydrochloride with placebo concluded that there was benefit only for those with very
severe depression.
Questions regarding these studies have been raised.5
First, the RCT data may not generalize to patients in the
real world, who could be switched to another medication if unresponsive. The National Institute of Mental
Health–funded STAR*D trial found a 67% remission rate
for patients who finished all 4 phases of the trial. Second, a recent meta-analysis6 of new-generation antidepressants (7334 patients in 56 RCTs) failed to detect an
association between the trial’s average baseline severity
and treatment response. Third, there is a lack of clinically informative outcomes such as the percentage of patients experiencing response or remission.
We question the meaning of a relationship between
average study-level initial severity and treatment response.7 Patient-level data are required to draw this type
of inference as conducted by Fournier et al.3 We also question the use of so-called vote-counting methods used by
Turner et al1 where a simple tally of positive studies is
used to draw an inference to overall efficacy of a treatment. Our work extends beyond that of Fournier et al3
by including a much larger number of trials, accounting
for heterogeneity in growth curves within and across studies, and better handling dropouts.8-10
We obtained complete longitudinal patient records for
RCTs of fluoxetine (a widely used selective serotonin reuptake inhibitor) conducted by Eli Lilly and Co, the Treatment for Adolescents With Depression Study of fluoxetine in youths by the National Institute of Mental Health,
and adult studies for venlafaxine (a widely used serotoninnorepinephrine reuptake inhibitor) conducted by Wyeth.
These patient-level data allow us to do the following:
(1) examine associations between treatment response and
baseline severity measured at the patient level; (2) use all
available longitudinal data from each subject; (3) fit models with less restrictive assumptions regarding missing data;
and (4) minimize the effects of selection or publication bias
by including nearly all of the placebo-controlled depression RCTs of fluoxetine and venlafaxine.
METHODS

STUDY DATA
All trials were double-blind, placebo-controlled RCTs. For fluoxetine, we reanalyzed studies that included 30 or more patients
and used the HAM-D for adults and geriatric patients or the
Children’s Depression Rating Scale–Revised (CDRS-R) for
youths. The only trial exclusions were 1 adult study that did
not use the HAM-D, 1 study judged to be invalid, and 1 youth
study that did not use the CDRS-R. Fluoxetine trial data from
the Treatment for Adolescents With Depression Study11 were
obtained from the National Institute of Mental Health; individuallevel data for the remaining 12 adult studies, 4 geriatric studies, and 3 youth studies were obtained from Eli Lilly and Co.
We obtained patient-level data from Wyeth for all available adult
venlafaxine RCTs (11 with venlafaxine immediate release [IR]
and 10 with venlafaxine extended release [ER]).
For fluoxetine, we analyzed data from 12 adult studies with
2635 patients and 14 048 measurements; 4 geriatric studies
with 960 patients and 5209 measurements; and 4 youth stud-

ies with 708 patients and 2536 measurements. For the adult
trials, 11 were outpatient and 1 had both inpatient and outpatient settings. Inclusion required a diagnosis of depression closely
resembling major depressive disorder (MDD), and the modal
trial dosage was 20 mg/d of fluoxetine hydrochloride (range,
20-80 mg/d). The geriatric trials included 3 outpatient trials
and 1 inpatient trial; all subjects had depression (similar to MDD)
and were older than 60 years. The modal trial dosage was 20
mg/d (range, 10-30 mg/d). The youth data consisted of 3 outpatient trials and 1 inpatient trial; all subjects had depression
(similar to MDD) and were aged 7 to 18 years. The modal trial
dosage was 20 mg/d (range, 10-40 mg/d).
The Treatment for Adolescents With Depression Study was
a 2 ⫻ 2 factorial design of fluoxetine and cognitive behavior
therapy for the treatment of MDD in adolescents. The study
involved 439 patients aged 12 to 17 years randomly assigned
to the 4 treatment conditions. Our analysis included only placebo and fluoxetine arms. Study dosages were 10 to 40 mg/d.
Dosages of placebo and fluoxetine hydrochloride began at 10
mg/d; the dosages were then increased to 20 mg/d at week 1
and, if necessary, to a maximum of 40 mg/d by week 8. Modal
dosages were not available for the venlafaxine trials; however,
ranges are reported in the Table.
For venlafaxine IR, there were 11 adult studies with 2421
patients and 10 634 measurements; for venlafaxine ER, there
were 10 adult studies with 2461 patients and 12 481 measurements. The majority of the studies were outpatient (venlafaxine IR, 2 inpatient and 9 outpatient; venlafaxine ER, 10 outpatient). Dosages were in the range of 25 to 375 mg/d (modal
range, 75-150 mg/d). The Table provides a summary of the trials.

STATISTICAL ANALYSIS
Analyses were conducted using SuperMix software.12 Data were
analyzed using a 3-level mixed-effects linear regression model.10
Level 1 represents the measurement occasion; level 2, the patient; and level 3, the study. An overall analysis was performed
for both drugs (fluoxetine and venlafaxine IR and ER) in adults
and geriatric patients. Youths were not included in the combined analysis because they were assessed with the CDRS-R. Separate analyses were performed for fluoxetine adult, geriatric, and
youth trials and venlafaxine IR and ER adult trials. The intercept
and slope of the time trends were random effects at both patient
and study levels, allowing time trends to vary across patients and
studies. Heterogeneity of the treatment effect was tested by including a random treatment⫻time interaction. Time was the number of days from treatment initiation. The primary effect of interest was the change in slope between treatment and control over
6 weeks. Six weeks was selected because it was the minimum trial
duration and therefore we were able to perform an analysis in
which study and length of treatment were unconfounded. We report the marginal maximum likelihood estimate (MMLE) and standard error of the difference in HAM-D or CDRS-R scores at 6 weeks
between treated and control groups. As a sensitivity analysis, we
analyzed scheduled weekly visit data (ie, intended week of the
visit instead of the actual day of the visit). We evaluated models
with nonlinear time trends; however, the linear model provided
the best overall fit to the data through 6 weeks. To test for the
treatment effect’s dependence on initial severity, we dichotomized baseline severity (HAM-D score13 ⬎20; CDRS-R score14
⬎60) at the subject level and included interactions with treatment and time effects, with the estimate of interest being the 3-way
severity⫻treatment⫻time interaction. The data were also analyzed using a continuous baseline severity score. These analyses
included all 2- and 3-way interactions to determine whether baseline severity moderated the relationship between treatment and
response. All analyses were adjusted for main effects of age and
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Table. Summary of Studies
Study
Identification
No.

Study
Adult fluoxetine study by Eli Lilly and Co

Geriatric fluoxetine study by Eli Lilly and Co

Youth fluoxetine study by Eli Lilly and Co

TADS
Adult venlafaxine ER study by Wyeth

Adult venlafaxine IR study by Wyeth

C031
HCAC
HCAF
HCCH
HCCP
HCDD
HCFP
HLAB
HMAQA
HMAQB
HZAA
LUAB
HCCQ
HCFF
HCIR
HC55
HCJE
LYAQ
X065
014
105
016
208
209
211
360
367
402
414
203
206
208
300
301
302
303
313
342
343
372

No. (%)
Subjects,
No.

Treatment

Placebo

Female

Age,
Mean (SD)

Dosage, mg/d

69
110
475
90
733
363
89
166
103
112
128
197
90
670
121
79
219
172
96
221
202
198
189
197
197
198
246
248
395
391
358
93
196
108
151
148
159
312
384
205
307

37 (53.6)
55 (50.0)
244 (51.4)
45 (50.0)
626 (85.4)
285 (78.5)
46 (51.7)
93 (56.0)
33 (32.0)
37 (33.0)
63 (49.2)
63 (32.0)
59 (65.6)
335 (50.0)
57 (47.1)
39 (49.4)
109 (49.8)
127 (73.8)
48 (50.0)
109 (49.3)
100 (49.5)
102 (51.5)
94 (49.7)
97 (49.2)
95 (48.2)
100 (50.5)
127 (51.6)
165 (66.5)
295 (74.7)
292 (74.7)
266 (74.3)
46 (49.5)
96 (49.0)
58 (53.7)
73 (48.3)
72 (48.6)
79 (49.7)
234 (75.0)
286 (74.5)
136 (66.3)
156 (50.8)

32 (46.4)
55 (50.0)
231 (48.6)
45 (50.0)
107 (14.6)
78 (21.5)
43 (48.3)
73 (44.0)
70 (68.0)
75 (67.0)
65 (50.8)
134 (68.0)
31 (34.4)
335 (50.0)
64 (52.9)
40 (50.6)
110 (50.2)
45 (26.2)
48 (50.0)
112 (50.7)
102 (50.5)
96 (48.5)
95 (50.3)
100 (50.8)
102 (51.8)
98 (49.5)
119 (48.4)
83 (33.5)
100 (25.3)
99 (25.3)
92 (25.7)
47 (50.5)
100 (51.0)
50 (46.3)
78 (51.7)
76 (51.4)
80 (50.3)
78 (25.0)
98 (25.5)
69 (33.7)
151 (49.2)

46 (66.7)
77 (70.0)
311 (65.5)
45 (50.0)
421 (57.4)
221 (60.9)
63 (70.8)
86 (51.8)
67 (65.0)
73 (65.2)
76 (59.4)
128 (65.0)
64 (71.1)
366 (54.6)
88 (72.7)
59 (74.7)
108 (49.3)
48 (27.9)
44 (45.8)
118 (53.4)
121 (59.9)
100 (50.5)
107 (56.6)
119 (60.4)
121 (61.4)
136 (68.7)
147 (59.8)
168 (67.7)
239 (60.5)
260 (66.5)
139 (38.8)
79 (84.9)
124 (63.3)
33 (30.6)
104 (68.9)
96 (64.9)
109 (68.6)
210 (67.3)
245 (63.8)
153 (74.6)
190 (61.9)

38.7 (9.1)
40.2 (12.5)
40.3 (12.3)
41.8 (12.0)
39.4 (11.4)
38.9 (11.1)
40.4 (10.4)
43.2 (9.6)
40.8 (12.3)
40.8 (12.1)
40.0 (10.1)
40.0 (11.2)
73.9 (6.1)
67.7 (5.7)
83.7 (5.1)
80.7 (6.2)
12.7 (2.6)
11.3 (2.6)
12.8 (2.7)
14.6 (1.6)
40.3 (11.4)
71.0 (5.1)
40.9 (12.9)
39.8 (10.5)
40.7 (11.4)
39.7 (11.7)
41.4 (11.5)
44.6 (11.7)
38.8 (13.1)
42.2 (13.5)
43.0 (10.7)
65.2 (13.3)
41.1 (11.0)
43.6 (12.0)
41.7 (12.7)
41.7 (11.6)
38.9 (9.8)
38.5 (10.3)
41.8 (11.7)
38.7 (10.5)
39.9 (10.0)

20
20-80
40-80
40-80
20, 40, 60
5, 20, 40
20
20
20
20
10-20
20
20, 40
20
10-30
20
10-20
10-40
20
10, 20, 40
37.5-225
37.5-225
37.5-375
75-150
75-225
75-225
75-225
75, 150
37.5-300
37.5-300
75, 150-225, 300-375
150-375
75-150
150-375
75-225
75-200
75-225
25, 50-75, 150-200
75, 150, 200
150, 225
Missing

Abbreviations: ER, extended release; IR, immediate release; TADS, Treatment for Adolescents With Depression Study.

sex, which decreases variability but does not determine whether
age and sex are treatment moderators. Age-specific analyses (youth,
adult, geriatric) address the question of differential treatment effects across the lifespan.
Empirical Bayes estimates were used to estimate response
and remission at the end of 6 weeks for each patient and were
compared using a mixed-effects logistic regression model adjusting for study. As a sensitivity analysis, the observed baseline and week 6 HAM-D or CDRS-R scores were used if available. Among all subjects, 52.2% had a score during week 6 and
21.4% had a score on day 42. The observed day 42 scores were
used in the sensitivity analysis. For adults and geriatric patients, response was a 50% reduction in the HAM-D score at
week 6 and remission was a HAM-D score lower than 8. For
youths, response was a 50% reduction in the CDRS-R score at
week 6 and remission was a CDRS-R score lower than 28. The
number needed to treat (NNT) to obtain a single additional remission or response in the treatment arm relative to the placebo arm was also reported.

RESULTS

OVERALL ANALYSIS FOR FLUOXETINE
AND VENLAFAXINE IR AND ER IN ADULTS
AND GERIATRIC PATIENTS
The estimated average rates of change over 6 weeks were
−11.82 HAM-D units for drug vs −9.26 HAM-D units for
placebo (MMLE=−2.55; SE=0.20; P⬍.001), indicating
27.7% greater improvement for drug. Analyses based on
weekly data yielded virtually identical results. Estimated
linear time trends and observed daily mean scores are presented in the Figure. Variation in the treatment effect over
studies was not statistically significant (SD=0.16; P=.06).
The estimated response rates were 58.4% for drug vs
39.9% for placebo (odds ratio [OR]=2.11; 95% CI, 1.932.31; P ⬍ .001; NNT = 5.41). Similar results were ob-
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ADULT STUDIES OF FLUOXETINE
In adult studies of fluoxetine, the estimated average rates
of change over 6 weeks were −10.12 HAM-D units for
fluoxetine and 7.52 HAM-D units for placebo
(MMLE = −2.60; SE = 0.34; P ⬍ .001), indicating 34.6%
greater improvement for fluoxetine.
The estimated response rates were 55.1% for fluoxetine vs 33.7% for placebo (OR = 2.41; 95% CI, 1.933.01; P⬍.001; NNT=4.69). Remission rates were 45.8%
vs 30.2% for fluoxetine and placebo, respectively
(OR=1.96; 95% CI, 1.66-2.31; P ⬍.001; NNT =6.40).
No effect of baseline severity on treatment efficacy was
found (P=.14). For patients with low severity, the rates
of change in symptoms over 6 weeks were −7.98 HAM-D
units for fluoxetine vs −6.26 HAM-D units for placebo.
For patients with high severity, the rates of change were
−11.72 HAM-D units for fluoxetine vs −8.32 HAM-D units
for placebo. The estimated differences were 1.68 HAM-D
units (95% CI, 0.77-2.59) for low severity and 3.40
HAM-D units (95% CI, 2.49-4.31) for high severity. Estimated response rates for treated vs placebo-receiving
patients were 50.0% vs 36.4% (difference of 13.6%), respectively, for low severity and 56.2% vs 32.7% (difference of 23.5%), respectively, for high severity. Estimated remission rates for treated vs placebo-receiving
patients were 51.7% vs 41.2% (difference of 10.5%), respectively, for low severity and 37.8% vs 22.1% (difference of 15.7%), respectively, for high severity. Neither
response rates nor rates of improvement differed statistically between low- and high-severity groups.
ADULT STUDIES OF VENLAFAXINE ER
In adult studies of venlafaxine ER, the estimated average rates of change over 6 weeks were −12.39 HAM-D

24
Placebo
Placebo
Drug
Drug

21

HAM-D Score

tained using available observed HAM-D scores (59.1%
for drug vs 41.9% for placebo; OR = 2.00; 95% CI, 1.832.19; P⬍.001; NNT=5.82). Remission rates were 43.0%
vs 29.3% for drug and placebo, respectively (OR=1.82;
95% CI, 1.66-2.00; P⬍ .001; NNT = 7.30), and the sensitivity analysis revealed similar results (42.4% for drug
vs 28.9% for placebo; OR = 1.81; 95% CI, 1.65-1.99;
P⬍.001; NNT= 7.39).
No effect of baseline severity on treatment efficacy was
found for either the dichotomous (P=.27) or continuous
(P=.10) baseline severity measures. For patients with low
severity, the rates of change in symptoms over 6 weeks were
−9.40 HAM-D units for drug vs −7.20 HAM-D units for placebo. For patients with high severity, the rates of change
were −12.85 for drug vs −10.07 for placebo. The estimated differences were 2.20 HAM-D units (95% CI, 1.652.76) for low severity and 2.78 HAM-D units (95% CI, 2.263.29) for high severity. Estimated response rates for treated
vs placebo-receiving patients were 54.8% vs 37.3% (difference of 17.5%), respectively, for low severity and 57.7%
vs 40.5% (difference of 17.2%), respectively, for high severity. Estimated remission rates for treated vs placeboreceiving patients were 49.9% vs 36.6% (difference of
13.3%), respectively, for low severity and 37.8% vs 25.1%
(difference of 12.7%), respectively, for high severity.
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Figure. Observed vs estimated depression severity time trends for drug vs
placebo in 37 adult and geriatric studies. HAM-D indicates Hamilton
Depression Scale.

units for venlafaxine ER and −10.21 HAM-D units for placebo (MMLE = −2.18; SE = 0.38; P ⬍ .001), indicating
21.4% greater improvement for venlafaxine ER.
The estimated response rates were 60.5% for venlafaxine ER vs 45.4% for placebo (OR=1.92; 95% CI, 1.612.29; P⬍.001; NNT=6.63). Remission rates were 41.5%
vs 29.5% for venlafaxine ER and placebo, respectively
(OR=1.75; 95% CI, 1.46-2.09; P ⬍.001; NNT= 8.31).
No effect of baseline severity on treatment efficacy was
found (P =.94). For patients with low severity, the rates
of change were −9.58 HAM-D units for venlafaxine ER
vs −7.10 HAM-D units for placebo. For patients with high
severity, the rates of change were −12.81 HAM-D units
for venlafaxine ER vs −10.58 HAM-D units for placebo.
The estimated differences were 2.48 HAM-D units (95%
CI, 0.91-4.05) for low severity and 2.23 HAM-D units
(95% CI, 1.40-3.05) for high severity. Estimated response rates for treated vs placebo-receiving patients were
53.1% vs 36.6% (difference of 16.5%), respectively, for
low severity and 59.9% vs 45.5% (difference of 14.4%),
respectively, for high severity. Estimated remission rates
for treated vs placebo-receiving patients were 52.1% vs
35.2% (difference of 16.9%), respectively, for low severity and 40.0% vs 28.6% (difference of 11.4%), respectively, for high severity.
ADULT STUDIES OF VENLAFAXINE IR
In adult studies of venlafaxine IR, the rates of change over
6 weeks were −14.32 HAM-D units for venlafaxine IR and
−10.71 HAM-D units for placebo (MMLE = −3.61;
SE=0.42; P ⬍.001), indicating 33.7% greater improvement for venlafaxine IR.
The estimated response rates were 67.2% for venlafaxine IR vs 45.2% for placebo (OR=3.16; 95% CI, 2.523.97; P⬍.001; NNT=4.53). Remission rates were 47.1%
vs 32.4% for venlafaxine IR and placebo, respectively
(OR=2.24; 95% CI, 1.82-2.75; P ⬍.001; NNT= 6.83).
No effect of baseline severity on treatment efficacy was
found (P=.29). For patients with low severity, the rates of
change were −10.08 HAM-D units for venlafaxine IR vs
−7.69 HAM-D units for placebo. For patients with high se-
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verity, the rates of change were −14.87 HAM-D units for
venlafaxine IR vs −10.88 HAM-D units for placebo. The estimated differences were 2.39 HAM-D units (95% CI, 0.334.46) for low severity and 3.99 HAM-D units (95% CI, 3.084.90) for high severity. Estimated response rates for treated
vs placebo-receiving patients were 64.7% vs 43.9% (difference of 20.8%), respectively, for low severity and 66.5%
vs 43.0% (difference of 23.5%), respectively, for high severity. Estimated remission rates for treated vs placeboreceiving patients were 57.0% vs 43.3% (difference of
13.7%), respectively, for low severity and 45.3% vs 29.4%
(difference of 15.9%), respectively, for high severity.
EFFECT OF AGE GROUP
ON TREATMENT RESPONSE
Geriatric Studies of Fluoxetine
In geriatric studies of fluoxetine, the estimated average
rates of change over 6 weeks were −7.48 HAM-D units
for placebo and −8.86 HAM-D units for fluoxetine
(MMLE = −1.39; SE = 0.50; P = .009), indicating 18.5%
greater improvement for fluoxetine. However, response
and remission rates were not significantly different between treated and control conditions.
The estimated response rates were 37.3% for fluoxetine vs 27.4% for placebo (OR = 1.42; 95% CI, 0.922.18; P=.12; NNT = 16.95). Remission rates were 26.5%
vs 20.0% for fluoxetine and placebo, respectively
(OR=1.26; 95% CI, 0.78-2.03; P = .34; NNT = 38.71).
No effect of baseline severity on treatment efficacy was
found (P=.95). For patients with low severity, the rates
of change were −6.89 HAM-D units for fluoxetine vs −5.42
HAM-D units for placebo. For patients with high severity, the rates of change were −9.37 HAM-D units for fluoxetine vs −8.02 HAM-D units for placebo. The estimated
differences were 1.47 HAM-D units (95% CI, −0.26 to
3.20) for low severity and 1.34 HAM-D units (95% CI, 0.02
to 2.67) for high severity. Estimated response rates for
treated vs placebo-receiving patients were 38.1% vs 26.9%
(difference of 11.2%), respectively, for low severity and
37.1% vs 26.5% (difference of 10.6%), respectively, for high
severity. Estimated remission rates for treated vs placeboreceiving patients were 38.1% vs 27.6% (difference of
10.5%), respectively, for low severity and 22.3% vs 16.4%
(difference of 5.9%), respectively, for high severity.
Youth Studies of Fluoxetine
In youth studies of fluoxetine, the estimated average rates
of change over 6 weeks were −15.96 CDRS-R units for
placebo and −20.58 CDRS-R units for fluoxetine
(MMLE = −4.62; SE = 1.26; P ⬍ .001), indicating 29.0%
greater improvement for fluoxetine.
The estimated response rates were 29.8% for fluoxetine vs 5.7% for placebo (OR = 6.66; 95% CI, 3.0714.48; P⬍.001; NNT=4.16). Remission rates were 46.6%
vs 16.5% for fluoxetine and placebo, respectively
(OR=4.23; 95% CI, 2.64-6.77; P⬍.001; NNT=3.33). The
finding of higher remission rates than response rates questions the validity of the CDRS-R remission threshold score
of 28.

No effect of baseline severity on treatment efficacy was
found (P =.90). For patients with low severity, the rates
of change in symptoms were −17.60 CDRS-R units for
fluoxetine vs −12.56 CDRS-R units for placebo. For patients with high severity, the rates of change were −28.86
CDRS-R units for fluoxetine vs −24.40 CDRS-R units for
placebo. The estimated differences were 5.04 CDRS-R
units (95% CI, 2.56 to 7.52) for low severity and 4.45
CDRS-R units (95% CI, −0.58 to 9.49) for high severity.
Estimated response rates for treated vs placeboreceiving patients were 23.0% vs 3.2% (difference of
19.8%), respectively, for low severity and 40.2% vs 17.2%
(difference of 23.0%), respectively, for high severity. Estimated remission rates for treated vs placebo-receiving
patients were 54.1% vs 19.4% (difference of 34.7%), respectively, for low severity and 28.9% vs 7.5% (difference of 21.4%), respectively, for high severity.
COMMENT

We examined symptom trajectories through 6 weeks from
all double-blind placebo-controlled RCTs with fluoxetine and venlafaxine that were conducted by the sponsors. Statistically and clinically significant benefits of treatment were found. Based on relative change in slopes,
remission rates, response rates, and NNTs, the treatment effect was largest for youths followed by adults and
more limited for geriatric patients. Similar results were
found for fluoxetine and venlafaxine.
While average differences at 6 weeks are relatively
small, they translate into clinically significant differences in response and remission rates. In adults treated
with fluoxetine, 55.1% of treated patients achieved response (50% reduction in severity) compared with only
33.7% of control patients; this is similar to previous causal
inference (growth mixture modeling) findings for fluoxetine and imipramine.15 From a public health perspective, this is an enormous difference and indicates that for
every 5 treated patients an additional patient treated with
fluoxetine will respond. Similarly, remission rates were
45.8% for treated patients but only 30.2% for control patients. Even stronger results were observed for children.
In youth studies, 29.8% of treated children responded,
whereas only 5.7% of children receiving placebo responded. Similarly, remission rates were 46.6% for treated
children but only 16.5% for control patients. These rates
translate into an additional child treated with fluoxetine
responding and remitting for every 4 children treated.
The higher rates of remission suggest that the remission
criterion (CDRS-R score=28) should be reevaluated.
By contrast, we found statistically significant (for
HAM-D scores but not remission and response rates) but
much less clinically significant effects for geriatric patients. Response rates were 37.3% for treated geriatric patients vs 27.4% for geriatric patients receiving placebo,
translating to 1 additional patient responding to fluoxetine for every 17 patients treated. Remission rates were
26.5% for treated geriatric patients vs 20.0% for geriatric patients receiving placebo, which translates into
1 additional patient remitting with fluoxetine for every
39 patients treated. The efficacy of antidepressant treat-
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ment in geriatric patients should be studied in greater
detail based on these findings. There may be a biological explanation for the age effect on response rates because both neuroendocrine challenge studies and receptor imaging studies report poorer antidepressant responses
in depressed patients with more pronounced serotonin
abnormality.16,17 Serotonin function declines with age, potentially increasing the proportion of such patients in geriatric studies.
Venlafaxine produced results similar to those of fluoxetine, suggesting that these results are not specific to fluoxetine. Increased efficacy for the IR formulation compared with the ER formulation was observed and should
be further studied.
Perhaps most importantly, these findings illustrate that
relatively small overall mean differences can translate into
relatively large patient-level differences in clinically interpretable and meaningful end points such as response
and remission. Statistically, these small changes in the
mean of the distribution can often translate into much
larger effects in the tails of the distribution.
Most studies were designed for achieving regulatory approval and do not demonstrate the maximum effect that
a drug can produce. Some studies were as short as 6 weeks,
whereas the maximum effect during an acute treatment
episode is likely 12 weeks or longer. Few well-controlled
studies, other than the long-term maintenance study by
Frank et al,18 have documented response rates for extended treatment with a single effective antidepressant. In
that study, the remission rate was 82%, with 75% achieving remission by 140 days.17 For fluoxetine, 23% of patients who were unimproved at 8 weeks showed full remission at 12 weeks.19
The findings of this study shed light on metaanalytic results that related the average study-level initial severity to the magnitude of treatment response. When
examined at the patient level, baseline severity did not
moderate treatment response for any end point, age group,
or drug. Overall response rates were lower for geriatric
patients than adults but did not vary by baseline severity. For children, response rates were lower overall compared with adults; however, here there were substantial
differences between low and high baseline severity groups
for both treated and control patients (ie, not a treatmentrelated effect).
Results of this study raise serious questions regarding the results of meta-analyses that are now so prevalent in guiding medical decisions. In addition to the obvious issues related to publication bias,1 the use of average
end points gleaned from studies with a variety of different approaches to handling missing data (eg, last observation carried forward or completer analyses) and the loss
of intermediate longitudinal measurements and their associated contribution to the overall estimate of variability can yield biased results. Reliance on metaregression
to examine relationships that exist at the person level but
are analyzed at the study level can lead to erroneous conclusions that are not supported when all available personlevel data are available. We note, however, that the approach to research synthesis taken in this article requires
that all studies use a common end point. The use of different end points in different studies is exactly the type

of problem for which meta-analysis was designed and for
which it should be used. In these cases, however, one must
take great care to use a well-chosen effect size (not a mean
difference, for example) that is both statistically and clinically meaningful.
This study has several limitations. First, we considered only 2 antidepressant medications, and other antidepressants may produce different effects. Indeed,
fluoxetine is the only antidepressant approved for the
treatment of childhood depression and is the only antidepressant that we studied in children. Second, there
were only 4 youth trials and we must therefore interpret
the estimated efficacy observed in these trials with caution. However, the rather impressive effects on clinically interpretable outcomes such as response and remission indicate the clinical benefit children may
receive with careful pharmacologic treatment. These
findings should also favor reconsideration of the riskbenefit equation that led to the black box warning for
suicidal thinking and antidepressants in children.20
Third, a similar note of caution is in order for the results
for the 4 geriatric studies, where some statistically significant but more marginal clinically significant results
were observed. Fourth, the reported findings are limited to the first 6 weeks of study. Results may differ for
long-term outcomes and may be stronger as the placebo
benefit possibly degrades over time.19 Fifth, it is possible that some selection bias remains even though our
synthesis included all studies conducted by the sponsors and was not limited to the subset of studies that
were in the published literature. Sixth, our study used
industry-sponsored studies that were designed to demonstrate efficacy and may have enrolled patients who
may not have been representative of the patients seeking treatment for depression. However, 2 of the 4 youth
studies were academic studies (Treatment for Adolescents With Depression Study and study X065). Because
the largest effect of treatment was seen for youths and
these studies are a mix of industry and academic studies, it seems unlikely that reliance on industry-sponsored studies produced biased results. Seventh, most of
the studies had placebo lead-in periods that are designed to eliminate early placebo responders. However,
an analysis21 of 75 RCTs involving antidepressants and
placebo from 1981 through 2000 found that the use of a
placebo lead-in period did not relate to the response
rate in the placebo group (P=.73). Like us, these investigators also found that baseline severity did not predict
placebo response. We note, however, that while this
analysis did not find any effect of a prospective lead-in
period on placebo response rates and did not find a relationship to baseline severity, it is possible that the
method of analysis (analyzing response rates as opposed to absolute magnitude of change) may have
missed meaningful effects of the lead-in period.
To determine whether we included the majority of
placebo-controlled depression studies of fluoxetine, we
reviewed the published literature on placebo-controlled
RCTs of fluoxetine in the acute treatment of MDD that
met the following criteria: (1) not sponsored by a pharmaceutical company; (2) not associated with a specific
medical illness (eg, following myocardial infarction,
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AIDS); (3) not associated with comorbid substance
abuse (including alcohol); (4) not associated with a
specific diagnosable comorbid psychiatric disorder; (5)
used the HAM-D; and (6) had a minimum enrollment
of 30 patients. Knowledge Finder (Aries System) was
used to search the PubMed database from 1966 through
October 31, 2010. The Boolean search option, with
word variants, was used to search “placebo controlled
trials of fluoxetine in major depression.” The search returned 329 references. Titles and abstracts of these references were reviewed to find articles potentially meeting these criteria (n = 13) as well as articles that were
reviews or meta-analyses (n = 7). The reference lists for
the reviews and meta-analyses were inspected for additional articles potentially meeting these criteria (n=1).
Following these 2 manual reviews, reprints of candidate
articles were obtained and reviewed for the 14 candidate articles. Two articles fulfilled the criteria.22,23 The
first study22 was restricted exclusively to patients meeting the Columbia criteria for atypical depression (while
meeting criteria for MDD). This study was partially
funded by Eli Lilly and Co and their data were not available to us. The second study23 was a small study conducted in Brazil comparing St John’s wort (n =20) with
fluoxetine (n = 20) and placebo (n = 26) and was partially funded by the company supplying the St John’s
wort. This literature search confirms that few if any academic studies of fluoxetine in the treatment of adult depression were conducted and that our data represent
the majority of available published (12 studies) and unpublished (8 studies) RCTs.
In conclusion, a detailed research synthesis using patient-level longitudinal data from all available youth, adult,
and geriatric placebo-controlled RCTs of fluoxetine conducted by the sponsor reveals consistent statistically significant benefits of treatment, the magnitude of which
was greatest in youths and smallest in geriatric patients
(where differences in remission and response rates did
not reach statistical significance). Analyses of venlafaxine RCTs confirmed the results for the efficacy of antidepressant treatment in adults. Baseline severity did not
moderate the effect of treatment. Similar reanalyses should
be conducted with other newer antidepressant medications to confirm these findings. This study also highlights many of the limitations of meta-analysis that combine evidence from multiple RCTs (eg, metaregression
of study-level characteristics that exhibit interindividual variability, inconsistent and potentially biased handling of missing data). It further highlights advantages
of a more complete person-level analysis when such data
are available and increases the need for caution regarding interpretation of meta-analytic results when personlevel data are not available.
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