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Abstract: The onset of antidepressant action is vital clinically. This
study aimed to testify whether early symptom improvement can predict
eventual treatment response at week 6 among depressive hospitalized
patients taking fluoxetine. One hundred thirty-one hospitalized patients
with major depressive disorder received 20 mg/d of fluoxetine for
6 weeks. Symptom severity was assessed by the 17-item Hamilton
Depression Rating Scale (HAMD-17) at weeks 0, 1, 2, 3, 4, and 6. Stable
response was defined as a reduction of 50% or more in the HAMD-17
total score at weeks 4 and 6 of treatment. Receiver operating charac-
teristic curve was used to determine the cutoff point of the percentage
of HAMD-17 score reduction between stable responders and non-
responders at weeks 1, 2, 3, and 4. At weeks 1, 2, 3, and 4, HAMD-17
score reductions of 25%, 39%, 43%, and 50% seemed to be the optimal
cutoff points for predicting eventual response. They provided a sensi-
tivity of 78%, 86%, 91%, and 93% and a specificity of 61%, 74%, 76%,
and 92%. The percentage of HAMD-17 reduction at week 4 excellently
predicted final response at week 6. Patients with less than a 50%
symptom reduction during the first 4 weeks of treatment are unlikely to
reach a final stable response. Whether this model can be applied to
establish a prediction system for other antidepressants or for outpatients
warrants further research.
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Major depressive disorder is common, and is associated
with significant morbidity, mortality, and economic cost.1,2

Antidepressants, such as selective serotonin reuptake inhibitors
(SSRIs), are effective in the treatment of acute major depres-
sive disorder.3 Albeit continuing to develop in recent decades,4,5

antidepressant medications still have a delayed onset of
action.6Y9 Patients taking antidepressants often require a number
of weeks to improve clinically.10Y14 For example, an earlier
fixed-dose study13 has suggested that early nonresponders to

6-week 20 mg/d of fluoxetine should continue to receive the
same or higher dose of fluoxetine for additional weeks. The
Sequenced Treatment Alternatives to Relieve Depression trial15

reported that, of patients who ultimately showed clinical re-
sponse when treated with open-label citalopram for 12 weeks,
56% first achieved response after 8 or more weeks, whereas
40% of patients who ultimately remitted first achieved remission
after 8 or more weeks. On the basis of neurobiological studies,
a delayed onset to antidepressants is often linked to the time
taken for a variety of adaptive neurobiological changes to occur,
for example, desensitization of serotonin 1A receptors and
expression of neurotrophic factors such as brain-derived neu-
rotrophic factor.16Y18

Therefore, most guidelines for investigating the efficacy of
antidepressants in treating the acute phase of major depressive
disorder have recommended that such studies should have a
duration of at least 4 weeks.3,6,19Y22

The delayed onset of action is detrimental for patients with
major depressive disorder. It increases patients’ suffering and
may contribute to hopelessness and treatment nonadherence.23

On the other hand, several studies with virtually all groups
of antidepressants also suggest that a treatment response can
be observed within the first 2 weeks of treatment.12,24Y30

For example, Szegedi et al30 found that improvement (defined as
reduction in the 17-item Hamilton Depression Rating Scale
[HAMD-17] score of Q20% from the baseline) in the first
2 weeks in depressed patients treated with either mirtazapine or
paroxetine was highly predictive of a positive response after
6 weeks of treatment. They also concluded that lack of early
improvement was predictive of lack of improvement after
6 weeks. Although the sensitivities (percent of true positives)
were high (97% for mirtazapine, 91% for paroxetine) even at
week 2 of treatment, the specificities (percents of true negatives)
were low all over the treatment: 53% for mirtazapine and 50%
for paroxetine at week 2, 42% for mirtazapine and 36% for
paroxetine at week 3, and 35% for mirtazapine and 30% for
paroxetine at week 4. Another recent meta-analysis study by
Szegedi et al28 also used improvement (defined as reduction in
HAMD-17 score of Q20% compared with the baseline) within
the first 2 weeks of treatment to predict the end point (4-8 weeks)
stable response. The results were similar to their previous
study,30 indicating that early improvement with antidepressants
can predict subsequent outcome with a high degree of sensitivity
(eg, 88% for SSRI), but a low degree of corresponding speci-
ficity (eg, 50% for SSRI). One reason the 2 aforementioned
studies28,30 with lower specificities may be that the criteria of
improvement (ie, at least 20%, 25%, or 30% symptom reduction)
reflect only relatively minor symptom changes. Another reason
may be the placebo effect. Quitkin et al31 have suggested that
early improvements after the start of antidepressant treatment
often result from the placebo effect. Low specificities denoted that
false-positive rates (1 j specificity) were high, and high false-
positive rates cannot identify nonresponders earlier. Therefore,
it is difficult to avoid unnecessarily continuing treatment with
patients whowould ultimately not respond. For early prediction of
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psychotropic response, high specificity is more important than
high sensitivity in making treatment decisions as to whether the
medication should be changed.32

When should we change the treatment after poor response?
To increase the specificity of the prediction model, this study
aimed to determine the optimal cutoff point of early symptom
improvement for predicting eventual response/nonresponse at
week 6 among inpatients with major depressive disorder taking
fluoxetine, a widely used SSRI.

METHODS

Patients
The study was approved by Kai-Suan Psychiatric Hospital’s

institutional review board and conducted in accordance with
Good Clinical Practice procedures and the current revision of
the Declaration of Helsinki (project number: KSPH-2007-16).
This study was also registered on Clinical.trials.gov (identifier
number: NCT01075529).

Patients were recruited from Kai-Suan Psychiatric Hospital,
a major psychiatric center in Taiwan, between May 2007 and
February 2010. All newly hospitalized patients with major
depressive disorder for immediate treatment were screened and
evaluated by experienced psychiatrists. The Structured Clinical
Interview for Diagnostic and Statistical Manual of Mental Dis-
orders, Fourth Edition (DSM-IV)33 criteria were used in ensuring
the accuracy of the diagnosis. Han Chinese patients in Taiwan
were enrolled in this study if they (1) were physically healthy and
had all laboratory parameters within normal limits, (2) were aged
18 to 70 years, (3) satisfied DSM-IV criteria for major depres-
sive disorder, (4) had a HAMD-1734 score of 18 or higher and
a Clinical Global Impression of Severity (CGI-S)35 score of
4 or higher at baseline, (5) had no DSM-IV diagnosis of sub-
stance abuse or dependence (including alcohol) within the past
6 months, and (6) gave written informed consent to participate in
the study after a full explanation of the study’s aims and pro-
cedures. Patients excluded from this study were (1) those with a
history of serious adverse reaction to fluoxetine or a history of
epilepsy or organic mental disorders, (2) those with psychotic
depression or bipolar I and II disorder, (3) those with schizo-
phrenia or any other psychotic disorder, (4) those who were
serious suicidal risks, (5) those with severe cognitive impair-
ment, (6) women who were pregnant or at risk for pregnancy or
lactation, (7) those patients initiating or stopping formal psy-
chotherapy within 6 weeks before enrollment, or (8) those

who have a history of poor response to fluoxetine or previously
received electroconvulsive therapy.

Study Design and Procedures
After a washout period of at least 72 hours, patients

received open-labeled fluoxetine treatment at a fixed dose of
20 mg daily for 6 weeks. Benzodiazepine (e4 mg of lorazepam
equivalent) or trazodone (e100 mg) was allowed as needed at
bedtime for insomnia. No other psychotropic agents were used.

Symptom severity was assessed at baseline and again at
weeks 1, 2, 3, 4, and 6 by trained and experienced psychiatrists
using HAMD-17. An intraclass correlation coefficient of 0.95
was obtained between the raters. To maintain high interrater
reliability and prevent rater drift, raters met at least once a month
for training and reliability retesting. The research psychiatrists
who conducted the clinical ratings did not know the detailed
study design or the responder versus nonresponder status of
patients as defined during the study. Adverse effects were eval-
uated at each visit by the UKU Side Effect Rating Scale,36 with
scores ranging from 0 (none) to 3 (severe). A score of 1, 2, or 3
on any UKU item that first occurred or worsened during treat-
ment indicated ‘‘cases’’ of adverse events. UKU was adminis-
tered at baseline and at weeks 1, 2, 3, 4, and 6.

Improvement in depression severity was evaluated by the
percentage of HAMD-17 score reduction from the baseline to
each of the postbaseline assessment periods up to week 6 (ie,
weeks 1, 2, 3, 4, and 6). This percentage of HAMD-17 score
reduction from baseline to end point was calculated by the fol-
lowing formula:

½(Baseline HAMD<17<Exit HAMD<17Þ

=Baseline HAMD<17� � 100%:

Stable response was defined as a reduction of 50% or
more of the HAMD-17 score at weeks 4 and 6 of treatment.30

Thus, for the present study, response status was a dichotomous
outcome variable operationally defined as ‘‘stable response’’ or
‘‘nonresponse’’ of reduction in depression severity. Possible
predictors were the percentage of HAMD-17 score reduction
from baseline at weeks 1, 2, 3, and 4, respectively.

Statistical Analyses
Initially, stable responders and nonresponders at week

6 were compared in demographic data (sex, age), age at onset,
number of previous episodes, baseline CGI-S score, baseline

TABLE 1. Clinical Characteristics Between Dropout Patients and Completers

Dropout Patients (n = 19) Completers (n = 112) Analysis

Variables n % n % P*

Sex 0.14
Male 7 36.8 24 21.4
Female 12 63.2 88 78.6

Mean SD Mean SD P†

Age, y 42.9 11.0 45.6 11.0 0.32
Age at onset, y 34.0 10.6 39.5 11.8 0.06
No. previous episodes 2.2 1.6 2.4 2.0 0.67
Baseline CGI-S score 6.2 0.7 6.2 0.7 0.85
Baseline HAMD-17 score 29.5 5.2 31.6 6.7 0.19

*Pearson W
2 test.

†Independent t test.

Lin et al Journal of Clinical Psychopharmacology & Volume 31, Number 2, April 2011

188 www.psychopharmacology.com * 2011 Lippincott Williams & Wilkins

Copyright © 2011 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



HAMD-17 score, and percentages of HAMD-17 score reduction
at weeks 1, 2, 3, and 4. Age at onset was regarded as age at
the first major depressive episode.

Second, if the percentages of HAMD-17 score reduction
at week 1, 2, 3, or 4 were reliable predictors after statistical
analysis, they were entered in a receiver operating characteristic
(ROC) curve. The ROC curve was used to determine the best
cutoff point of predictor between the stable responders and
nonresponders to maximize both the sensitivity and the speci-
ficity of the predictor variable so that false-positive and false-
negative rates could be minimized. The area under the ROC
curve (AUC) is a parameter used to quantify the ability or
accuracy of the test in identifying stable responders from non-
responders. In practice, an AUC generally falls somewhere
between 0.50 and 1.

Pearson W2 test or the Fisher exact test was used to compare
categorical variables; the independent t test was used for con-
tinuous variables. All tests were 2-tailed, and significance was
defined as an > of less than 0.05.

Effect-size (d) statistics were calculated to ascertain the
degree to which the resulting changes in symptom severity were
clinically recognizable. Effect size was calculated using the
formula: d = (baseline mean j end point mean) / pooled SD.
According to Cohen,37 a d value of 0.20 indicates a small effect
size, 0.50 a medium effect size, and 0.80 a large effect size. The
large effect sizes demonstrate clinically relevant improvement
at the end point.

All data were processed by SPSS version 17.0 for Windows
(SPSS, Inc, Chicago, Ill) and MedCalc (MedCalc Software,
Belgium). The MedCalc software is a program that implements
several statistical procedures, including ROC analysis.

RESULTS

Patients
A total of 131 acutely ill inpatients with major depres-

sive disorder were enrolled. Of the 131 patients, 112 (85.5%)

TABLE 2. Clinical Characteristics Comparing Stable Responders and Nonresponders After 6 Weeks of Treatment

Stable Responders* (n = 58) Nonresponders (n = 54) Analysis

Variables n % n % P†

Sex 0.79
Male 13 22.4 11 20.4
Female 45 76.6 43 79.6

Mean SD Mean SD P‡

Age, y 46.3 10.3 44.9 11.8 0.48
Age at onset, y 40.5 12.4 38.4 11.1 0.34
No. previous episodes 2.3 2.1 2.7 1.7 0.28
Baseline CGI-S score 6.2 0.7 6.3 0.6 0.16
Baseline HAMD-17 score 31.0 7.3 32.4 5.9 0.27

*Patients with a reduction of 50% or more of the HAMD-17 score at weeks 4 and 6 of treatment.
†Pearson W

2 test.
‡Independent t test.

TABLE 3. Adverse Events Occurring in at Least 20% of Patients in Either Group

Stable Responders (n = 58) Nonresponders (n = 54) Analysis

Adverse Events n % n % P

At least 1 adverse event 52 89.7 53 98.1 0.07*
Concentration difficulties 9 15.5 17 31.5 0.046†‡

Asthenia/increased fatigability 10 17.2 13 24.1 0.37†

Failing memory 7 12.1 11 20.4 0.23†

Tension 4 6.9 13 24.1 0.01*‡

Reduced duration of sleep 2 3.4 13 24.1 G0.01*‡

Accommodation disturbances 8 13.8 15 27.8 0.07†

Reduced salivation 15 25.9 26 48.1 0.01†‡

Constipation 16 27.6 12 22.2 0.51†

Polyuria 15 25.9 18 33.3 0.39†

Orthostatic dizziness 20 34.5 26 48.1 0.14†

Palpitation 8 13.8 17 31.5 0.03‡†

Headache 6 10.3 12 22.2 0.09†

*Fisher exact test.
†Pearson W

2 test.
‡Statistically significant.
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completed the 6-week trial of fluoxetine (completers). The
remaining 19 did not complete the trial owing to the lack of
efficacy (n = 3), premature discharge (n = 14), or withdrawal of
consent (n = 2). No patient withdrew from the study because
of adverse events. The dropout patients (n = 19) and the com-
pleters (n = 112) were comparable for sex, age, age at onset,
number of previous episodes, baseline CGI-S scores, and base-
line HAMD-17 scores (Table 1).

Stable Response
Of the 112 completers, 51.8% (n = 58) of the subjects were

classified as stable responders after 6 weeks. Stable responders
and nonresponders did not differ in sex, age, age at onset,
number of previous episodes, baseline CGI-S scores, and base-
line HAMD-17 scores (Table 2).

Adverse Events
Adverse events occurring at an incidence of 20% or higher

in any treatment group are shown in Table 3. Nonresponders
were more likely to experience concentration difficulties, ten-
sion, reduced duration of sleep, reduced salivation, and palpi-
tation. No severe adverse effects (score = 3) in any of the UKU
items were noted in any of our patients.

Early Prediction
Table 4 demonstrates that the percentages of HAMD-17

score reduction were significantly different at each of the
assessment weeks for stable responders and nonresponders. As
early as week 1, stable responders experienced significantly
greater percentages of HAMD-17 score reduction. The large
effect sizes demonstrate clinically relevant improvement at
weeks 1, 2, 3, and 4. This analysis indicated that the percentages

of HAMD-17 score reduction at week 1, 2, 3, or 4 were reliable
predictors of stable responders.

Finally, ROC analysis was used to determine the cutoff
point of score changes as reliable predictors by plotting the
proportion of true-positive results (sensitivity) versus the pro-
portion of false-positive results (1 j specificity). At week 1, a
HAMD-17 score reduction of 25% seemed to be the optimal
cutoff point for predicting eventual response, providing a sen-
sitivity of 78%, a specificity of 61%, and a predictive power
(= number of true positives plus number of true negatives
divided by total number of patients) of 70%. At week 2, a
HAMD-17 score reduction of 39% seemed to be the optimal
cutoff point for predicting eventual response, providing a sen-
sitivity of 86%, a specificity of 74%, and a predictive power of
80%. At week 3, a HAMD-17 score reduction of 43% seemed to
be the optimal cutoff point for predicting eventual response,
providing a sensitivity of 91%, a specificity of 76%, and a pre-
dictive power of 84%. At week 4, a HAMD-17 score reduction
of 50% seemed to be the optimal cutoff point for predicting
eventual response, providing a sensitivity of 93%, a specificity
of 92%, and a predictive power of 93% (Table 5). The percentage
of HAMD-17 reduction at week 4 predicted nonresponse at
week 6 better than the percentage of HAMD-17 reductions at
week 1, 2, or 3 because the sensitivity and specificity values
were generally higher. The ROC curves at weeks 1, 2, 3, and 4
are presented in Figure 1.

DISCUSSION
The main finding of this study is that a HAMD-17 score

reduction of 25% or higher at week 1, 39% or higher at week 2,
43% or higher at week 3, and 50% or higher at week 4 correctly
identified an ultimate stable response at the end of the study in

TABLE 5. Prediction of Stable Response (Q50% HAMD-17 Score Reduction at Weeks 4 and 6) Using Percentage of HAMD-17
Score Reduction at Weeks 1, 2, 3, and 4: ROC Analysis*

Early Predictors

Percentage of Score
Reduction Used as
Cutoff Point, % Sensitivity, % Specificity, %

Predictive
Power, % AUC, %

Percentage of HAMD-17 score reduction at week 1 25 78 61 70 77
Percentage of HAMD-17 score reduction at week 2 39 86 74 80 86
Percentage of HAMD-17 score reduction at week 3 43 91 76 84 91
Percentage of HAMD-17 score reduction at week 4 50 93 92 93 98

*ROC indicates receiver operating characteristic, for determining the cutoff point of score change as the predictor by plotting the proportion of true-
positive results (sensitivity) versus the proportion of false-positive results (1 j specificity).

TABLE 4. Early Predictors at Weeks 1, 2, 3, and 4 for Stable Response (Q50% Reduction in HAMD-17 at Weeks 4 and 6)

Stable
Responders
(n = 58)

Nonresponders
(n = 54)

Effect Size (d)*Early Predictor Mean SD Mean SD P†

Percentage of HAMD-17 score reduction at week 1 41.2 19.0 22.2 18.3 1.02 G0.001‡

Percentage of HAMD-17 score reduction at week 2 57.4 19.0 30.2 17.6 1.49 G0.001‡

Percentage of HAMD-17 score reduction at week 3 64.2 17.6 31.6 18.6 1.81 G0.001‡

Percentage of HAMD-17 score reduction at week 4 71.1 13.4 32.0 16.4 2.61 G0.001‡

*d = 0.20 is defined as a small effect size; d = 0.50, a medium effect size; and d = 0.80, a large effect size.
†Independent t test.
‡Statistically significant.
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78%, 86%, 91%, and 93% of all patients. On the other hand, 61%
of patients who displayed a less than 25% HAMD-17 score
reduction at week 1, 74% of patients who displayed a less than
39% HAMD-17 score reduction at week 2, 76% of patients who
displayed a less than 43% HAMD-17 score reduction at week 3,
and 92% of patients who displayed a less than 50% HAMD-17
score reduction at week 4 were correctly identified as ultimate
nonresponders. The results indicated that the percentage of
HAMD-17 reduction at week 4 may be a better early predictor
than that at week 1, 2, or 3. In clinical practice, however, a period
of at least 4 weeks is worth attempting before any change in
treatment should be considered for inpatients with a HAMD-17
score reduction less than 50%.

Like the studies of Szegedi et al,28,30 if we use 20% im-
provement of HAMD-17 as the cutoff point, the sensitivity will
be 93% and the specificity will be 37%. Of 112 patients, 87 will
show 20% improvement of HAMD-17 score after 2 weeks of
treatment. However, 33 of 87 patients will not respond after
6 weeks of treatment (ie, low specificity). This result is consis-
tent with that of the studies by Szegedi et al28,30 that very few
patients who had not improved after 2 weeks became a stable
responder after 4 weeks. However, a substantial number of
patients who had shown early improvement did not become
stable responders later, suggesting a limited specificity of the
predictor. The current study suggests that ROC curve analy-
sis can help solve this puzzling problem but after a longer
treatment duration of 4 weeks.

Traditionally, response is frequently defined as a reduction
of 50% or more of the HAMD-17 total score after 6 weeks of
treatment. According to the traditional definition, a total of 66
(58.9%) of the 112 completers were classified as responders after
6 weeks of treatment. This response rate (58.9%) was similar to
rates (50%Y70%) found in placebo-controlled, 6 to 8 weeks,
randomized, controlled trials with SSRIs.23,38,39 There were no
significant differences in sex, age, number of previous episodes,
baseline CGI-S scores, and baseline HAMD-17 scores between
responders and nonresponders (data not shown). The percen-
tages of HAMD-17 score changes at weeks 1 (P G 0.001), 2
(P G 0.001), 3 (P G 0.001), and 4 (P G 0.001) were also reliable

predictors of response. The cutoff points at which sensitivity and
specificity were optimal were at percent changes of 25% (sen-
sitivity, 71%; specificity, 59%), 39% (77%; 73%), 40% (83%;
74%), and 45% (92%; 87%), respectively.

If stable remission (defined as a HAMD-17 score e7 at
weeks 4 and 628,30) or remission (a HAMD-17 score e7 at week
6) were regarded as one of the outcome measures in this study,
26 (23.2%) of 112 patients became stable remitters, or 31
(27.7%) became remitters after 6 weeks of treatment. A HAMD-
17 reduction of 63%, or 60% at week 4, seemed to be the optimal
cutoff point for predicting ultimate stable remission or remis-
sion. It provided a sensitivity of 92% or 90% and a specificity of
83% or 81%, respectively. A percentage of HAMD-17 reduction
at week 4, which yielded the optimal combined sensitivity
and specificity, was better for predicting nonremitters at week 6
than those percentages at weeks 1, 2, or 3 (data not shown).
Regardless of stable response, response, stable remission, or
remission, decisions might be made at 4 weeks of treatment to
determine whether a patient should be maintained on the initial
drug or shifted to a new treatment.

Patients in the current study received the same fixed dose,
20 mg daily, of fluoxetine treatment. Earlier fixed-dose stud-
ies40,41 have demonstrated that 20 mg of fluoxetine daily is the
optimal dose for most patients and is associated with fewer and
less severe adverse effects than higher doses. A meta-analysis
study by Beasley et al42 also found that fluoxetine therapy at
20 mg daily is a critical factor for adequate therapy and has good
treatment tolerance. However, the rate and quality of response
to fluoxetine are highly individualized.

Several strengths of this study could be addressed. First, the
subjects were inpatients for immediate treatment. Hospitalized
patients constituted only a small proportion of the patients in the
studies.43 As inpatients, they were carefully monitored, includ-
ing symptom assessment, the development of adverse effects,
and medical adherence. They also had the similar environmen-
tal conditions. Second, inpatients reflect greater severity of
depression than outpatients. It has been reported that patients
with more severe depression have less of a placebo effect.44

Third, HAMD-17 was originally developed for inpatients.34 It
might be less, or even insufficiently sensitive, in detecting
changes in depressive symptoms of minor severity.12,15 Finally,
unlike other studies that used last-observation-carried-forward
analysis to account for missing data, we analyzed only the trial
completers. The last-observation-carried-forward analysis, as-
suming that a subject’s severity rating at the time of dropout
would be the same as his or her rating at the end of the trial, could
add a negative bias to the results across time.29

The limitations of this study included a relatively small,
short-term, open-labeled treatment design, the use of a single
antidepressant agent (fluoxetine), and having been conducted
in only 1 psychiatric center. Because this was a relatively short-
term trial, we did not know whether we would have had con-
sistent findings for 8 or 12 weeks of treatment. The difficulty of a
long-term study is that most of the inpatients enrolled do not
agree to stay in hospital beyond 6 weeks. Although this was an
open-labeled study, its goal was to early identify poor responders
rather that to demonstrate treatment efficacy. Like other open
trials,45 the results could be generalized to a clinical setting, in
which patients and clinicians both know the medication and both
expect the outcomes. Further, the subjects comprised inpatients
who had been hospitalized because of severe symptoms, severe
functional impairment, or suicidal tendencies. Thus, inclusion
of a placebo group had ethical concern. Moreover, it was also
unclear if the conclusions could be generalized to other anti-
depressants or outpatients. However, a major difference in the

FIGURE 1. The ROC curves for stable responders versus
nonresponders at weeks 1, 2, 3, and 4.
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treatment between inpatients and outpatients is that medical
adherence can be ascertained in hospitalization. If a patient has a
good medical adherence after discharge, we assume that the
conclusion of our study could be generalizable to him or her.
On the other hand, the patients in the current study represent
a relatively severely ill population who needs hospitalization.
Therefore, whether the finding could be fully extrapolated to
patients with less severity requires further studies.

Further studies, preferably involving other antidepressants,
larger inpatient or outpatient groups from multicenters, and
duration of longer than 6 weeks, are needed to better determine
the predictive value of initial symptom change for ultimate
treatment response.
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