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The increasing rate of failure of antidepressant clinical trials has led to the
assertion that antidepressants do not have meaningful clinical benefits. Our
hypothesis was that the decrease in antidepressant–placebo differences in an-
tidepressant clinical trials over the past three decades could be explained by
changes in research design features rather than a lack of potency of the an-
tidepressants being tested. We collected data from 130 double blind placebo
controlled antidepressant clinical trials conducted between 1981 and 2008
that included 35,122 depressed patients with 23,157 patients assigned to
antidepressants and 11,965 assigned to placebo. We conducted a hierarchical
regression analysis of change in HAM-D scores in antidepressant and placebo
groups separately with year of publication, and research design features as in-
dependent variables. We found that antidepressant–placebo differences in an-
tidepressant clinical trials have declined markedly over the past three decades.
Decline in change scores in the antidepressant group was related to mean total
baseline HAM-D scores in the trial, the version of HAM-D used, and duration
of trial. Similarly, decline in change scores in the placebo group was related
to mean total baseline HAM-D scores, duration of trial, and year of publica-
tion. Overall, we found that antidepressant–placebo differences were statisti-
cally significantly higher in trials that used HAM-D 21 rather than HAM-D
17 and in trials that lasted 6 weeks or less. These data suggest that, apart
from the efficacy of the antidepressant being tested, factors such as baseline
HAM-D scores, version of HAM-D used and duration of trial have a signifi-
cant impact on outcome. As such a clinician’s assessment of the usefulness of
antidepressants should not be based solely on the results of such clinical tri-
als. In the meantime there is a need for continuing research to improve the
methodology of antidepressant clinical trials. These data suggest that many
aspects of the design of antidepressant trials have a significant impact on out-
come. Further, these data suggest that the results of more recent placebo con-
trolled trials do not adequately inform clinicians about the potential utility of
antidepressants.

Introduction

Although the suggestion that antidepressants have lim-
ited utility [1] has been refuted by recent reviews [2],
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there still exists a concern that antidepressants may not
be as effective as has been accepted. This concern is based
on the inability to demonstrate significant differences
between antidepressants and placebo in recent clinical
trials.

It has been suggested that placebo response in antide-
pressant clinical trials has been growing in the past few
decades and that this phenomenon has led to a higher
frequency of failed trials [3]. However, little attention has
been paid to changes in other features of clinical trials
over time that might influence response to antidepres-
sants or antidepressant–placebo differences.

We hypothesized that the decrease in
antidepressant–placebo difference in antidepressant
trials over time may be related to research trial design
features such as severity of symptoms at the start of the
trial, duration of the trial, and dosing schedule (fixed vs.
flexible dosing schedules, which also may be a surrogate
for number of treatment arms in a study). We have
previously found, based on data from FDA SBA reports
[4,5], that greater severity of depressive symptoms before
patient randomization and more frequent use of flexible
dosing schedule were associated with significantly greater
differences in response to antidepressants versus placebo,
whereas the duration of the trial, number of patients per
treatment arm and mean age of patients were not.

There are other possible explanations for the increas-
ing failure rate of trials. For e.g., some investigators have
suggested that differences exist among various antide-
pressants that may influence results of antidepressant
clinical trials [6]. Also, the most commonly used mea-
surement tool of Hamilton Depression scale − HAM-D [7]
has not been applied uniformly among the various an-
tidepressant clinical trials, i.e., several versions of HAM-D
are in use depending upon the number of items included
in calculating the final score − 16, 17, 19, 21, and 24 [8].
This in turn may affect the range of depressive symptoms
evaluated as well as magnitude of change with antide-
pressants and placebo. Further, the choice of measure-
ment tool may also change mean total prerandomization
(baseline) scores and as such an increase in severity of
symptoms may affect antidepressant–placebo differences.

Hence we decided to evaluate the change in
antidepressant–placebo differences in HAM-D scores in
antidepressant clinical trials over the past three decades.
An ideal analysis would include unpublished trials as
well, as it has been shown that negative trials are very sel-
dom published [9], however, the SBA reports and other
databases do not include detailed information such as the
year of conduct of the trials. Also, FDA SBA reports do
not include any data from antidepressants not approved
for sale in the US, nor those antidepressants approved in
the 1950s to 1980s.

Accordingly we decided to use the data from all pub-
lished antidepressant trials to obtain the largest possible
database, being cognizant of the fact that failed or nega-
tive trials are unlikely to be represented in the published
literature as published literature yields mostly results of
successful antidepressant trials.

We decided to utilize antidepressant–placebo differ-
ences in HAM-D using the last observation carried for-
ward (LOCF) technique rather than response rates as our
primary dependent variable, for several reasons. First,
most regulatory agencies including US FDA use this
variable in their own evaluations of antidepressant effi-
cacy data. Second, response rates influenced by baseline
HAMD scores. For example, a depressed patient scoring
eighteen points on a 17-item HAM-D scale at baseline will
be a responder if the final score changes by ten points (at
least 50% reduction in score [10]). On the other hand,
a baseline seventeen item HAM-D scale of 28 would re-
quire a change in score of 14 points in order for the pa-
tient to be termed a responder.

We hypothesized that the magnitude of
antidepressant–placebo differences may have de-
creased over time and that this change may be related
to changes in the several factors listed above. In order
to verify our hypothesis we evaluated the relationship
of these factors in relation to symptom reduction with
antidepressant and placebo using hierarchical multiple
regression, followed by additional exploratory analyses.

Methods

Identifying the Trials

Our analysis included randomized controlled clinical tri-
als comparing antidepressants to placebo in adult out-
patients with unipolar major depressive disorder (MDD)
published between 1981 and 2008. As mentioned earlier,
although it would have been desirable to include unpub-
lished trials as well, we were unable to do so owing to the
limitations of the FDA database.

To obtain articles published between 1981 and 2008,
we conducted multiple computer searches on Medline
using the key words placebo and generic names of all
putative antidepressants. We used the following lim-
its/restrictions: English language, publication year from
1981 to 2008, age group ≥18, publication type clinical
trials, controlled clinical trials, multi center study, ran-
domized controlled trial.

Two of the authors (Author 1 and Author 2) reviewed
titles, abstracts and finally full text of the qualifying arti-
cles to determine whether they met inclusion/exclusion
criteria. The inclusion criteria we used were: enrolled pa-
tients with major depressive disorder; outpatient study;
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Figure 1 Correlation of antidepressant–placebo differences (difference

between antidepressant and placebo groups in change in mean total

HAMD scores) with year of publication.

employed random assignment; included a placebo con-
trol group; reported in English; published between
January 1981 and October 2008; duration of trial be-
tween 4 and 12 weeks; reported HAM-D scores as a mea-
sure of efficacy, and either reported both baseline and end
or LOCF (last observation carried forward − in which pa-
tients prematurely terminating from a trial are assumed
to experience no further improvement, and the last mea-
sured scores are considered end of trial) HAM-D scores for
antidepressant and placebo groups, or change in HAM-
D scores in antidepressant and placebo groups. We did
not include reports of trials in which the HAM-D was not
used as either a primary or a secondary efficacy measure.

We also retrieved relevant articles using citations from
bibliographies of the articles we obtained from our initial
search. Consistent with Quorum guidelines [11], Supple-
mental Figure 1 depicts the process for inclusion of arti-
cles in the analysis. Of the 125 articles (Supplement 2)
selected by this process, one (Golden et al, 2002) was a
report of two trials and one (Robinson and Rickels, 1990)
was a report of five trials. Thus, we included a total of
130 trials for the analysis. Of these trials, 49 had one ac-
tive treatment arm (only the investigational medication),
68 had two active treatment arms − investigational and
comparator, 4 trials had 3 active treatment arms − 1 in-
vestigational and 2 comparator arms each, 3 trials had 2
active treatment arms − 2 different doses of the same in-
vestigational medication. Additionally, 5 of the trials had
3 active treatment arms − 2 different doses of the inves-
tigational medication and 1 comparator arm, and 1 trial

had 4 active treatment arms − 3 different doses of the
investigational medication, and 1 comparator arm.

Hence, we compiled the results of 130 antidepres-
sant clinical trials published between 1981 and 2008
that included 35,122 depressed patients with 23,157 pa-
tients assigned to antidepressants and 11,965 assigned to
placebo.

Computation of the Dependent Variables

All analyses were performed using SPSS (version 12) for
the total of 130 trials.

First, we computed the dependent variables (change
in HAM-D score in antidepressant and placebo groups
and antidepressant–placebo difference scores) as follows:
for studies which reported baseline and end or LOCF
HAM-D scores in the antidepressant and placebo groups,
we calculated the change in HAM-D scores for each
group, and then the difference between the two to obtain
antidepressant–placebo differences. These scores were
used as the dependent variables in the regression analyses
run separately for the antidepressant and placebo groups.
This antidepressant–placebo difference score served as the
dependent variable in our exploratory analyses. Some
studies directly reported the actual change in HAM-D
scores, and we used this information in our analysis.

To obtain composite HAM-D scores in trials with
more than one active medication arm, we calculated the
mean change in HAM-D score for all the active arms in
the trial. For example, in the Nierenberg, Greist et al.
(Supplement 2) trial (which compared duloxetine and
escitalopram to placebo), the mean change in HAM-D
scores were 7.6 and 7.2 respectively in the duloxetine and
escitalopram groups. Hence, for the purposes of our anal-
ysis, the mean change in HAM-D score in the antidepres-
sant group was obtained by averaging the scores of the
duloxetine and escitalopram groups, i.e., 7.4.

Evaluating Changes with Antidepressants
and Placebo using a Hierarchical Multiple
Regression Test

As the database contained results from treat-
ment arms including medications not approved
by the FDA as antidepressants (and this nonap-
proval could be reflective of a lack of efficacy),
we next evaluated whether there were signifi-
cant differences between the antidepressant–placebo
differences in the group of US FDA approved an-
tidepressants compared to the antidepressants not
approved by the FDA. The mean antidepressant–placebo
difference in the US FDA approved group of antidepres-
sants (n = 117) was 11.4 ± 2.6 and that in the group of
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antidepressants not approved by the US FDA (n = 41)
was 10.8 ± 3.8. As we had expected, there appeared to be
a slightly larger antidepressant–placebo difference among
antidepressants that had achieved US FDA approval
compared to antidepressants that had not achieved US
FDA approval. However, this difference did not reach
statistical significance (t{df = 156} = 1.09, p = 0.28).
Hence we felt it acceptable to use the entire dataset (i.e.,
USFDA approved and nonapproved antidepressants) in
the analysis.

First, we evaluated the magnitude of
antidepressant–placebo differences over the last three
decades as shown in Figure 1. These data confirmed
the hypothesis that antidepressant–placebo differences
have significantly declined in the past three decades
(r = −0.46, n = 102, p < 0.001). This analysis sup-
ported our primary assumption and warranted further
evaluation of factors that may be related to changes in
antidepressant–placebo differences.

However, based on the fact that the number of treat-
ment arms for the antidepressant group was not the
same as the placebo treatment arms, we could not simply
evaluate the antidepressant–placebo differences. In other
words, not all antidepressant treated groups had an indi-
vidual control placebo group. This specifically relates to

antidepressant trials that had more than one active treat-
ment, besides placebo (82 of the 130 trials). Using the
same control group to calculate antidepressant–placebo
difference scores across multiple trials would violate the
assumptions of hierarchical multiple regression analysis
that residuals be independent.

Given this fact, we decided to conduct the hierarchi-
cal multiple regression analysis separately in the antide-
pressant treated group and the placebo treated group.
In order to conduct such an analysis, we first corre-
lated the changes in the mean total HAM-D scores sep-
arately among depressed patients assigned to antidepres-
sants (see Figure 2A) and depressed patients assigned to
placebo (see Figure 2B) with year of publication.

In addition, we computed the mean total baseline
HAM-D score among depressed patients assigned to an-
tidepressants (see Figure 2A) and placebo (see Figure 2B)
over the past three decades. The results of this computa-
tion follow the pattern seen in an earlier analysis includ-
ing unpublished antidepressant clinical trial data [4].

These findings support the suggestion that we could
conduct a hierarchical multiple regression test separately
for antidepressant and placebo groups with the assump-
tion that the results of the analysis may not be identical
among the two separate groups as the factors associated

Figure 2 (A) Mean total baseline HAMD scores and change in mean total HAMD scores in the antidepressant group correlated with year of publication.

(B) Mean total baseline HAMD scores and change in mean total HAMD scores in the placebo group correlated with year of publication.
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Table 1 Hierarchical regression of change in HAMD score in the antidepressant group as dependent variable and FDA approval, HAMD version used,

baseline HAMD score in the antidepressant group, duration of trial, dosing schedule (fixed or flexible) and year of publication as independent variables

Model summary

Model R R square Adjusted R square Std. error of the estimate Change statistics

R square change F change df1 df2 Sig. F change

1 0.088 0.008 0.001 3.0014 0.008 1.153 1 149 0.285

2 0.303 0.092 0.080 2.8809 0.084 13.725 1 148 0.000

3 0.713 0.509 0.499 2.1262 0.417 124.721 1 147 0.000

4 0.728 0.530 0.517 2.0871 0.021 6.550 1 146 0.012

5 0.728 0.530 0.514 2.0943 0.000 0.002 1 145 0.969

6 0.730 0.533 0.513 2.0955 0.003 0.831 1 144 0.364

Model 1: Predictors: (Constant), Antidepressants approved by FDA in chronological order.

Model 2: Predictors: (Constant), Antidepressants approved by FDA in chronological order, HAMD version dummy variable.

Model 3: Predictors: (Constant), Antidepressants approved by FDA in chronological order, HAMD version dummy variable, Antidepressant group baseline

HAMD.

Model 4: Predictors: (Constant), Antidepressants approved by FDA in chronological order, HAMD version dummy variable, Antidepressant group baseline

HAMD, Duration of trial in weeks.

Model 5: Predictors: (Constant), Antidepressants approved by FDA in chronological order, HAMD version dummy variable, Antidepressant group baseline

HAMD, Duration of trial in weeks, Fix versus flexible dosing.

Model 6: Predictors: (Constant), Antidepressants approved by FDA in chronological order, HAMD version dummy variable, Antidepressant group baseline

HAMD, Duration of trial in weeks, Fix versus flexible dosing, Publication Date.

Overall Fs for all individual steps beyond step 1 in the regression model were significant at the P = 0.001 level or better.

with outcome with antidepressants are not identical to
the factors associated with outcome with placebo.

We next conducted several steps of preliminary analy-
sis prior to conducting a hierarchical multiple regression
analysis. These steps are detailed in Supplement 3. Based
on these preliminary analyses, we included the follow-
ing variables as independent variables in the hierarchi-
cal multiple regression: year of approval/appearance on
the market (based on a review by Author 1); version of
HAM-D scale used (coded dummy variables for HAM-D
16, HAM-D 17, HAM-D 21, and HAM-D 24); mean total
baseline HAM-D scores; duration of trial; dosing schedule
(fixed versus flexible); and year of publication.

Post Hoc Exploratory Analysis

Following this regression analysis, we found that certain
factors had significant associations with the change score
in mean total HAM-D score, either with antidepressants
or placebo.

These significant associations by themselves do not
provide information on the quantitative and qualitative
relationship between these factors and the dependent
measures. Hence, we conducted detailed post hoc analyses
to assess the specific relationship between the outcome
measures and the research design features. This was done
in order to identify if there were any possible changes that
could be made to design features that may help to assure

a successful outcome in a trial or at least help to minimize
type II errors.

Results

For our analysis we included 130 antidepressant trials,
with a total of 35,122 patients, of whom 23,157 patients
were assigned to antidepressants and 11,965 patients
were assigned to placebo.

Figures 1, 2A and 2B, were part of the methods to set
up the hierarchical multiple regression analysis. They il-
lustrate the striking decline in antidepressant–placebo dif-
ferences in HAM-D in the past three decades (r = −0.46,
n = 102, p < 0.001); and change in HAM-D scores in the
antidepressant and placebo groups as well as the mean to-
tal baseline HAM-D scores in both groups. Based on these
analyses we ran the regression analysis in the antide-
pressant treated group of depressed patients and placebo
treated depressed patients separately.

Results of the Hierarchical Multiple Regressions

Tables 1 and 2 summarize the results of hierarchical mul-
tiple regression tests conducted for depressed patients as-
signed to antidepressants and placebo separately. In the
hierarchical multiple regression tests conducted for the
depressed patients assigned to antidepressants (Table 1),
three independent variables appeared to be related to the
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Table 2 Hierarchical regression of change in HAMD score in the placebo group as dependent variable and HAMD version used, baseline HAMD score in

the placebo group, duration of trial, dosing schedule (fixed or flexible) and year of publication as independent variables

Model summary

Model R R square Adjusted R square Std. error of the estimate Change statistics

R square change F change df1 df2 Sig. F change

1 0.169 0.028 0.017 2.20454 0.028 2.549 1 87 0.114

2 0.491 0.241 0.224 1.95926 0.213 24.146 1 86 0.000

3 0.554 0.307 0.283 1.88320 0.066 8.088 1 85 0.006

4 0.557 0.311 0.278 1.88994 0.003 .394 1 84 0.532

5 0.588 0.346 0.307 1.85186 0.035 4.491 1 83 0.037

Model 1: Predictors: (Constant), HAMD version dummy variable.

Model 2: Predictors: (Constant), HAMD version dummy variable, Baseline HAMD in the placebo group.

Model 3: Predictors: (Constant), HAMD version dummy variable, Baseline HAMD in the placebo group, Duration of trial in weeks.

Model 4: Predictors: (Constant), HAMD version dummy variable, Baseline HAMD in the placebo group, Duration of trial in weeks, Fix versus flexible dosing.

Model 5: Predictors: (Constant), HAMD version dummy variable, Baseline HAMD in the placebo group, Duration of trial in weeks, Fix versus flexible dosing,

Publication Date.

Overall Fs for all individual steps beyond step 1 in the regression model were significant at the P = 0.001 level or better.

changes in mean total HAM-D score in the antidepres-
sant group: HAM-D baseline score, HAM-D version used
in the trial and duration of trial.

The largest association was with the mean total base-
line HAM-D score (R2 change of 0.42) and a smaller as-
sociation with version of HAM-D scale used (R2 change
of 0.08), with these two items accounting for more than
50% of the variance. In other words, the higher the mean
total baseline HAM-D score, greater the change in mean
total HAM-D scores (or symptom reduction) in the an-
tidepressant group. Similarly, the HAM-D versions as-
sessing more symptoms (say HAM-D 21 compared to
HAM-D 17 version), seemed to be related to a greater
change in mean total HAM-D scores (symptom reduc-
tion) in the antidepressant treated group. Duration of trial
also showed an association with symptom reduction in
the antidepressant treated group (larger change in HAMD
scores in the antidepressant group in shorter trials) with
an R2 change of 0.02. None of the other factors including
the year of publication or dosing schedule were statisti-
cally significantly associated with changes in mean total
HAM-D score in the antidepressant treated group.

As shown in Table 2, three independent variables ap-
peared to be significantly related to change in mean total
HAM-D score among the placebo treated depressed pa-
tients. As was the case with antidepressants, the higher
the mean total baseline HAM-D score, the greater the
change in mean total HAM-D score (symptom reduction)
among placebo treated patients as well (R2 change 0.21).
In addition, the longer the duration of the antidepres-
sant trial, greater the changes in mean total HAM-D score
(symptom reduction) among placebo treated patients (R2

change of 0.07). Further, year of publication was also sig-
nificantly associated with change in mean total HAM-D

score i.e., more recent antidepressant trials had a greater
change in mean total HAM-D scores (R2 change of 0.04).

Results of the Post Hoc Analyses

Based on the results of the hierarchical multiple regres-
sion analysis, we identified three factors that were associ-
ated with changes with either antidepressants or placebo.

For the dependent measure consisting of changes in
mean total HAM-D score in both the antidepressant
and placebo treated groups, mean total baseline HAM-
D scores and duration of the trials appeared to have sig-
nificant association. In addition, the version of HAM-D
used seemed to be significantly associated with changes
in the antidepressant group (although a similar trend was
seen in the placebo treated group, the association did not
reach statistical significance). Besides these two variables,
the year of publication was associated with changes seen
with mean total HAM-D score in the placebo group.

We examined individually each of the factors that
we found to be significantly associated with HAM-D
change scores, especially as we had not been able to ex-
plore the role they played in the combined group for
antidepressant–placebo differences (owing to the restric-
tions imposed by the assumptions underlying regression
analysis).

Factor 1. As baseline HAM-D scores showed the great-
est association with change scores in HAM-D in both the
antidepressant and the placebo treated groups, we de-
cided to first examine the role of this factor, especially for
antidepressant–placebo differences. The specific aim was
to assess whether a specific score on mean total HAM-D
score could be identified that would either suggest a
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greater likelihood of success or increase the possibility of
type II error.

We considered two methods of exploration. The first
evaluation consisted of bifurcating the sample of trials
into two based on mean baseline total HAM-D score (of
24.3) and assessing whether there were any differences
in antidepressant–placebo differences in the two samples.
By an unpaired t test, there were no significant differ-
ences between the two groups of HAM-D ≥ 24.3 and
HAM-D < 24.3 (Mean1 = 3.0 Mean2 = 3.3 t(113) = 0.7,
p = 0.5). The median HAM-D score for the dataset was
similar (24.1).

In addition, we decided to assess whether there
was any significant difference between the mean base-
line HAM-D scores in two groups of “less success-
ful” (antidepressant–placebo difference less than 3) and
“more successful” (antidepressant–placebo difference of
more than or equal to 3) trials. We first ran a bivari-
ate correlational analysis. We found that success of trial
was significantly correlated with baseline HAM-D scores
(r = 0.2, n = 115, p < 0.05). As the baseline score could
be influenced by version of HAM-D used, we conducted
a partial correlational analysis, this time controlling for
version of HAM-D. Baseline HAM-D scores continued
to be significantly associated with success of the trial
(r = 0.2, n = 102, p < 0.05). In other words, while tri-
als with higher antidepressant–placebo difference seemed
to have significantly higher baseline HAM-D scores than
trials with lower antidepressant–placebo differences, this

did not seem to be influenced by version of HAM-D
used.

Factor 2. Next, as the version of HAM-D used was also
found to be significantly associated with change scores
in both the antidepressant treated group and the placebo
treated group, we tried to find the exact contribution of
this factor in determining change scores in HAM-D and
antidepressant–placebo differences.

Of all the versions of HAM-D used– HAM-D 16, HAM-
D 17, HAM-D 21, and HAM-D 24; HAM-D 17 and HAM-
D 21 were the most frequently used (in 117 and 62
trial arms respectively). As HAM-D 16, 19, and 24 were
used in very few trials (3, 1, and 5 trials respectively),
we decided to analyze only trial arms using HAM-D 17
(n = 117) and HAM-D 21 (n = 62). Specifically, we com-
pared the mean total baseline HAM-D score, the change
in HAM-D score in each of antidepressant and placebo
groups, and the antidepressant–placebo difference in tri-
als using HAM-D 17 and HAM-D 21.

Figure 3A and 3B show the antidepressant–placebo dif-
ferences obtained in trials using HAM-D 17 and HAM-D
21 respectively, by year of publication. As can be seen,
in trials using the HAM-D 17 as an efficacy measure,
antidepressant–placebo differences have decreased from
around 5 points in 1985 to around 1.8 in 2008. This de-
crease was statistically significant (p < 0.001, r = −0.5,
n = 64). On the other hand, in trials using HAM-D 21
as an efficacy measure, the antidepressant–placebo dif-
ference was around 5 points in 1982, and around 4.8 in

Figure 3 (A) Mean antidepressant–placebo difference in HAM-D scores in trials using HAMD 17 correlated with year of publication. (B) Mean

antidepressant–placebo difference in HAM-D scores in trials using HAMD 21 correlated with year of publication.
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Table 3 Comparison of baseline HAMD scores, change in HAMD scores

in antidepressant and placebo groups and antidepressant–placebo differ-

ences in HAMD by version of HAMD used

HAMD 17 HAMD 21 Unpaired T-test

Mean total

baseline

HAMD ± SD

23.5 ± 2.4 25.7 ± 2.6 t (100) = 4.3, P < 0.001

Mean change in

AD group

HAMD ± SD

10.6 ± 1.9 12.2 ± 4.0 t (142) = 3.3, P < 0.001

Mean change in

placebo

group HAMD

± SD

7.9 ± 1.8 8.3 ± 2.8 t (143) = 1.0, P = 0.3

Antidepressant–

placebo

difference in

HAMD score

± SD

2.5 ± 1.9 4.0 ± 2.9 t (153) = 3.8, P < 0.001

2005 (not a statistically significant decrease r = −0.24,
p = 0.17, n = 33).

We also compared baseline HAM-D scores, change in
HAM-D scores (in each of antidepressant and placebo
groups) and antidepressant–placebo differences in tri-
als using HAM-D 17 and trials using HAM-D 21
(Table 3) using unpaired t tests. As can be seen, mean
total baseline HAM-D scores were significantly higher
in trial arms using HAM-D 21 (25.7) compared to
trial arms using HAM-D 17 (23.5). Similarly, the mean
change in HAM-D scores in the antidepressant group and
the antidepressant–placebo differences were significantly
higher in trial arms using HAM-D 21. However, there was
no significant difference in the change in HAM-D in the
placebo group between trials using HAM-D 17 and trials
using HAM-D 21.

Factor 3: Finally as longer duration of trial seemed to
be associated with greater change in HAM-D scores espe-
cially for patients assigned to placebo treatment, but also
in patients receiving antidepressants, we analyzed this
factor further. The trials had variable durations: 4 weeks,
5 weeks, 6 weeks, 7 weeks, 8 weeks, 9 weeks, 10 weeks,
and 12 weeks. Based on this distribution, we bifurcated
the sample into those trial arms with a duration of ≤6
weeks (4 weeks, 5 weeks, and 6 weeks, n of antidepres-
sant trials = 76, n of treatment arms = 127) and those
with a duration of >6 weeks (8 weeks, 10 weeks, and
12 weeks, n of antidepressant trials = 50 and n of treat-
ment arms = 92) and compared the two groups using a t
test (using distribution based on treatment arms).

As can be seen in Table 4, among the antide-
pressant trial arms of longer duration (>6 weeks),

Table 4 Comparison of change in HAMD scores in antidepressant and

placebo groups and antidepressant–placebo differences in HAMD by du-

ration of trial

≤6 weeks >6 weeks Unpaired T-test

(n = 127) (n = 92)

Mean change in

AD group

HAMD ± SD

11.5 ± 3.4 10.8 ± 2.2 t (156) = 1.4, P = 0.16

Mean change in

placebo

group HAMD

± SD

7.6 ± 2.6 8.3 ± 1.6 t (159) = 2.0, P = 0.05

Antidepressant–

placebo

difference in

HAMD score

± SD

3.9 ± 2.9 2.3 ± 1.6 t (167) = 4.5, P < 0.001

the antidepressant–placebo differences were significantly
smaller than among the antidepressant trial arms of
shorter duration (≤6 weeks, 3.9 vs. 2.3, t(167) = 4.5,
p < 0.001).

Other factors such as year of approval of the antide-
pressant as well as dosing schedule (fixed vs. flexible)
did not show up as significant in either of the regression
analyses, we did not evaluate this further. There was a
small, but significant association between year of publica-
tion and change in mean total HAM-D score among de-
pressed patients assigned to placebo, although such an as-
sociation was not seen among depressed patients assigned
to antidepressants. No specific analysis was conducted to
evaluate this further.

Discussion

The aim of this study was to assess the change in
antidepressant–placebo differences in HAM-D scores
among 130 published antidepressant trials conducted be-
tween 1981 and 2008. Further, we assessed if any re-
search design factor was associated with this change.
Lastly, we examined if we could identify specific changes
in antidepressant design factors that may provide an opti-
mal antidepressant clinical trial model as well as provide
insights into reducing type II error.

We found that antidepressant–placebo differences have
decreased alarmingly over the past three decades. The
average antidepressant–placebo difference was approxi-
mately six points using the HAM-D scale in 1982 com-
pared to only an average of about three points in 2008,
among published antidepressant trials. We could not es-
timate the change for all antidepressant trials conducted
in this time period, as a significant number are neither
published (failed or negative antidepressant trials) nor
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available in any public domain databases. This was a lim-
itation of our study; however, as it has been shown that
negative trials (meaning lower antidepressant–placebo
differences) are more likely to remain unpublished, we
can only surmise that including these unpublished trials
would further reduce the mean antidepressant–placebo
difference across all trials.

In our analysis, the research design features that we
studied were associated with the difference in response to
antidepressants and placebo over the past three decades.
It appears that depressed patients participating in more
recent antidepressant clinical trials seem to have lower
severity as measured by the HAM-D. Having said that, it
is important to note that fewer symptoms are being eval-
uated in more recent trials because of changes in the ver-
sion of HAM-D being used compared to earlier trials.

As shown in Figure 3A and 3B, the lower magnitude
of response to antidepressant in more recent antidepres-
sant trials is most evident in the trials using the 17-item
version of the HAM-D. The fact that longer versions of
HAM-D seem to discriminate better between antidepres-
sant and placebo could be due to the fact that a longer
scale allows one to capture depressive symptoms across
patient types – i.e., the manifestations of depression vary
from person to person, and although probably most de-
pressed patients have the “core” symptoms of depression,
the other symptoms have variable expression. Another
possible explanation is that measuring more symptoms
simply allows for more statistical variability. As we have
shown, the mean baseline severity at entry into an an-
tidepressant clinical trial has decreased, introducing a rel-
ative restriction in range that would tend to reduce ob-
served antidepressant–placebo differences. It is possible
that the better discriminating ability of longer HAM-D
versions may be due to the fact that having a few more
HAM-D items would introduce more variability to work
with, thus widening the range and counteracting the
effect of declining severity at entry.

For the clinician, these findings suggest that improving
the methodology to assess the efficacy of antidepressants
is still work in progress. In this context, it is important to
note that varying results of antidepressant trials may be
related to the methodology and the conduct of the antide-
pressant trials and not to the antidepressants themselves.
It is misleading to suggest that antidepressants may not
be useful when our methods to fully assess the effects of
antidepressants are less than ideal, given the current state
of knowledge.

Besides the clinical implications, our analysis has im-
plications for the design and conduct of antidepressant
trials. There needs to be broader based research on bet-
ter methods to evaluate the efficacy and effectiveness of
antidepressants. The desire to identify the effects of an-

tidepressants on core symptoms of depression [12] as a
method to assess efficacy may need to be re-examined,
as our results suggest that a more comprehensive evalua-
tion of the depressive syndrome may be a better method
to evaluate antidepressant efficacy as an illness as het-
erogeneous as depression is better assessed by a broader,
more inclusive symptom measure.

The results of our analysis suggest that power cal-
culations for future antidepressant trials may need
to be revised, until a better methodology to detect-
antidepressant–placebo differences has been developed.
It is also important to note that symptom reduction with
placebo seems to increase with duration of trial, and may
lead to underestimation of antidepressant–placebo differ-
ences.

It is important to note that, for several reasons, our
analyses suggest lines of further inquiry rather than firm
conclusions. First, this analysis does not include data from
unpublished antidepressant trials, most of which have
failed to show superiority over placebo and thus, may be
more informative on design features. Second, our multi-
factorial analysis is not comprehensive. We could not as-
sess the role of raters used in the trials. “Rater inflation”
has often been cited a one of the reasons for inability
of antidepressants to separate from placebo [13]. Simi-
larly, we could not assess the role of numbers of trial cen-
ters used (which has been shown to influence placebo
response rates − [14]), results from individual patients,
or possible change in patient populations participating in
clinical trials across the years. Lastly, we only evaluated
antidepressant trials that used HAM-D. It is also possible
that although it is critical to use the double-blind, paral-
lel, placebo control method to detect acute effects of an-
tidepressant (this is the primary method advocated by the
US FDA to assess the efficacy of antidepressants), the full
utility of antidepressants are better measured by random-
ized withdrawal (relapse prevention) study designs.

In conclusion, the results of our analysis suggest that
antidepressant–placebo differences have markedly de-
clined in the past three decades. Interestingly, much of
the decline is associated with research design features
such as mean total HAM-D scores, versions of the HAM-
D scale used and the duration of the trial. These results
suggest that research is needed to improve the method-
ology of antidepressant trials. Also, until such research is
complete, power calculations for future antidepressants
should be made expecting more modest effect sizes than
current models.
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Supporting Information

Additional Supporting Information may be found in the
online version of this article:

Figure S1 Quorum checklist for selection of studies con-
ducted between 1981 and 2008.
Supplement 2 Bibliography of studies included in the
analysis.
Supplement 3 Steps in determining the pathway to the
final hierarchical multiple regression analysis.

Please note: Wiley-Blackwell are not responsible for the
content or functionality of any supporting materials sup-
plied by the authors. Any queries (other than missingma-
terial) should be directed to the corresponding author for
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