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Objective: The study examined a large
data set to determine whether patients’
sex affected the outcome of antidepres-
sant treatment.

Method: Data for 1,746 patients aged
18-65 years who had been treated with
tricyclic antidepressants, monoamine oxi-
dase inhibitors (MAOIs), fluoxetine, or pla-
cebo were examined in a retrospective
analysis to determine whether men and
women differed in their responses to anti-
depressants. To examine the effect of
menopausal status in the absence of data
on individual patients’ menopausal sta-
tus, results for female patients younger or

Antidepressant Responses?

older than age 50, 52, 54, and 56 were
compared.

Results: Men and women both younger
and older than age 50 had equivalent re-
sponse rates to tricyclics and fluoxetine.
Women had a statistically superior re-
sponse to MAOIs. Placebo response was
equivalent across all groups.

Conclusions: Neither sex nor menopausal
status may be relevant in antidepressant
treatment of adult depressed patients up
to 65 years of age. Although women had
a statistically superior response to MAOIs,
this difference may not be clinically
relevant.

(Am J Psychiatry 2002; 159:1848-1854)

Are there differences in the responses of men and
women to antidepressants? A recent study suggested that
women have a more favorable response to sertraline than
to imipramine and men a more favorable response to
imipramine (1, 2), but not all studies have supported this
observation (3, 4). Clarifying the relevance of these sex-by-
drug interactions is difficult because most research re-
ports examining the effects of antidepressants do not dis-
cuss this issue. It is unclear if the dearth of reports reflects
a failure to test for sex differences or underreporting of
negative results. In addition to sex differences, meno-
pausal status has also been suggested as a factor influenc-
ing antidepressant responsivity (1, 5).

The purpose of this study was to examine a large enough
data set to study sex differences in antidepressant re-
sponse. Research has suggested some theoretical reasons
for suspecting that male-female differences in antidepres-
sant response exist. First, the clearly established differ-
ences between men and women in the prevalence of de-
pressive disorders suggest the possibility of other sex-
related differences (6). Second, ovarian hormones alter
imipramine binding sites, and this action may alter seroto-
nin uptake (7). Furthermore, a relative difference between
men and women in right and left brain function may be re-
lated to depression and antidepressant response (8).
Therefore, apparent sex differences in cognitive styles that
may reflect differences in right and left brain function (9) or
less well-lateralized function in women (10) might also
contribute to difference in antidepressant response.

We analyzed data from 1,746 patients to determine if sex
and age (as a surrogate for menopausal status) affected re-
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sponse to tricyclic antidepressants, monoamine oxidase
inhibitors (MAOIs), or fluoxetine. Since the issue of speed
of response had also been raised (e.g., women respond
more slowly to imipramine [11]), the timing of response
was also examined.

The study addressed the following questions:

1. Are there differences in the proportions of men and
women who respond to antidepressants in 6- to 12-
week trials?

2. Are there sex differences in the speed of onset of re-
sponse?

3. Is there evidence that postmenopausal women re-
spond to antidepressants differently than premeno-
pausal women?

Method

Data collected over a 20-year period in an outpatient depres-
sion research clinic were examined. A total of 1,746 patients took
partin the nine different studies (12-19, unpublished 2002 manu-
script of Stewart et al.) that provided data for this report. Because
59 patients who received placebo in a three-arm study (phenel-
zine versus imipramine versus placebo) were included in both the
tricyclic antidepressant contrasts and the MAOI contrasts, sum-
ming the number of patients across all comparisons suggests that
1,805 patients were included in these studies.

Most of these data and the details of the individual studies’ de-
sign and outcomes have been previously published; one study is
being prepared for publication (unpublished 2002 manuscript of
Stewart et al.). Eight studies were double-blind, randomized 6-
week trials with fixed, flexible dose schedules (12-18, unpub-
lished 2002 manuscript of Stewart et al.). All but one study (12)
was placebo controlled. The ninth study was a five-site, open-la-
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bel fluoxetine treatment study, the purpose of which was to iden-
tify fluoxetine responders. Fluoxetine responders were randomly
assigned to receive the drug or placebo in a subsequent discon-
tinuation study (19). Because of the absence of a placebo arm and
blind ratings in the acute phase, the results of this 12-week fluoxe-
tine study must be interpreted with caution, and thus they are
presented separately. The potential role of bias in this study is ad-
dressed later in the paper. The other eight studies investigated the
effects of tricyclics (desipramine, imipramine) and MAOIs
(phenelzine, tranylcypromine, “-deprenyl).

Outpatients, aged 18 to 65 years, who gave written informed
consent were evaluated by using the Research Diagnostic Criteria
(20) or the DSM-III or DSM-III-R criteria (depending on the year
the study was conducted), the 21-item Hamilton Depression Rat-
ing Scale, the Clinical Global Impression (CGI) scale, and the SCL-
90 (21). All studies were approved by the clinic’s institutional re-
view board. In the fluoxetine study (19), the 17-item Hamilton de-
pression scale was used.

Lacking data on menopausal status, we divided the female
subjects into groups by using the arbitrary cutoff point of age 50.
Obviously there is no fixed menopausal age. Stanford et al. (22)
reported a median age of 51 years. In a study of 2,783 women,
Cramer and Xu (23) found the mean age at menopause was 47.3
years (§D=3.5). They also noted that women with a history of de-
pression go through menopause earlier. In the Results section, we
demonstrate that there is no change in the study’s outcome if the
female subjects were grouped with the cutoff point at age 52, 54,
or 56, instead of age 50. Men were similarly grouped to assess the
relevance of age for men’s response to antidepressants.

Since we were interested in the speed of onset of response to
antidepressants, persistent improvement was most relevant.
Fluctuating improvement would have less clinical relevance. Pa-
tients were judged to be responders at the point they received a
score of 1 (very much improved) or 2 (much improved) on the
change scale of the CGI and maintained that improvement for the
duration of the study.

In organizing the data, we wished to have a large enough num-
ber of subjects and power to detect differences of 10%. At first, we
combined data from the tricyclic antidepressant and MAOI stud-
ies (all were 6-week trials). A logistic regression analysis of the re-
lationship between response and class of drug suggested that the
outcome of the tricyclic antidepressant studies differed from that
of the MAOI studies (x2=13.91, df=1, p=0.002). Thus, separate ex-
amination of the data by drug class was required. The results of
the tricyclic antidepressant studies are presented separately from
those of the MAOI studies. Data from the fluoxetine study (a 12-
week trial) are presented separately.

To determine if data from all studies within each drug class
could be combined for analysis, the studies for each drug class
were compared separately by using Cox proportional hazard
analysis. When no differences in outcome by study by sex were
found (i.e., similar to a finding of the absence of a site effect in a
multisite study), data from studies utilizing antidepressants from
the same class were combined. Cox proportional hazard analysis
showed no differences in outcome in a five-by-two interaction ex-
amining the MAOI studies (x?=5.42, df=4, p=0.25) and in a six-by-
two interaction examining the tricyclic antidepressant studies
(x?=4.81, df=5, p=0.31). In all studies with a placebo control (13—
18, unpublished 2002 manuscript of Stewart et al.), there were
clear drug-placebo differences, indicating that some patients had
drug-responsive disorders.

Kaplan-Meier estimates of time to response were computed
and graphically presented to show potential sex differences. In
these analyses, time to survival is equivalent to time to onset of
response to medication. A shorter survival time, as shown by a
steeper survival curve, indicates a greater response to the medica-
tion. Hazard ratios were used to contrast the speed of onset of the
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drug effect between sexes and age groups (24). The hazard esti-
mate gives the conditional probability of becoming a responder
during a time interval, provided that the individual has not re-
sponded at the beginning of the time interval. Thus, hazard is a
function of survival time. The cumulative hazard at a given time is
the hazard integrated over the whole time interval until the given
time point. The cumulative hazard for a response estimate for
men and women was calculated each week. If the difference be-
tween groups in hazard is statistically significant, one group is
improving more rapidly than the other up to that point. With cor-
rection for multiple comparisons, p<0.008 was required for signif-
icance in the analyses for each of the 6 weeks in the MAOI and tri-
cyclic antidepressant studies, and p<0.007 was required in the
analysis of the fluoxetine study.

To determine if differences in response between women and
men were attributable to a drug effect (e.g., whether the differ-
ence between drug and placebo effects for women is greater than
that for men), Cox proportional hazards regression analysis was
used. The parameter of interest was whether the sex-by-treat-
ment interaction was significantly different from zero.

Results

Demographic Characteristics

The data were collected over a 20-year period in nine
different studies. Owing to some variation in protocols,
not all data were available for all patients.

The effects of tricyclic antidepressants were examined
in seven double-blind, placebo-controlled trials involving
a total of 602 subjects, 357 of whom were women. Of the
subjects in the tricyclic studies, approximately 86% were
Caucasian, 30% were married, and 57% were employed.
The mean age was 38 years (SD=11). Seventy percent had
a diagnosis of major depression, 27% had dysthymia, and
3% had depression not otherwise specified. Onset of the
illness occurred after age 20 in 30% of subjects. At base-
line, the subjects had a mean score of 15.7 (SD=4.6) on the
21-item Hamilton depression scale and 3.9 (SD=0.6) on
the CGI severity scale. The mean age of the women older
than age 50 (mean=56 years, SD=5) did not differ from that
of the men older than age 50 (mean=>56 years, SD=5).

MAOIs were studied in five double-blind, placebo-con-
trolled trials that included a total of 363 subjects, 210 of
whom were women. Approximately 86% of all subjects in
the MAOI studies were Caucasian, 29% were married, and
58% were employed. The mean age was 38 years (SD=10).
Seventy percent had a diagnosis of major depression, 27%
had dysthymia, and 3% had depression not otherwise
specified. Onset of the illness occurred after age 20 in 27%
of the subjects. At baseline, the subjects had a mean score
of 15.6 (SD=4.6) on the 21-item Hamilton depression scale
and 3.9 (SD=0.6) on the CGI severity scale. The mean age
of the women older than age 50 (mean=54 years, SD=5)
did not differ significantly from that of the men older than
age 50 (mean=>57 years, SD=4).

The fluoxetine lead-in study was an open trial that had
840 subjects, 574 of whom were women. Approximately
91% of the subjects were Caucasian, and their mean age
was 39 years (SD=11). Data on employment and marital
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status were not available for this study. All patients met the
criteria for major depressive disorder. At baseline, they
had a mean score of 22.3 (SD=4.0) on the 17-item Hamil-
ton depression scale and 4.2 (SD=0.7) on the CGI severity
scale. The mean age of the women older than age 50
(mean=56 years, SD=4) did not differ from that of the men
older than age 50 (mean=>56 years, SD=4).

Age and Response

To test the effect of different age cutoff points on women’s
outcome, women were grouped by whether they were
older or younger than age 50, 52, 54, and 56 years. In the
groups older than age 50, 52, 54, and 56, the proportions of
women responding to tricyclic antidepressants were 66%
(N=19 of 29 women), 63% (N=15 of 24), 65% (N=11 of 17),
and 60% (N=9 of 15), respectively. For MAOIs, the propor-
tions of women responding were 79% (N=15 of 19 women),
79% (N=11 of 14), 86% (N=6 of 7), and 83% (N=5 of 6), re-
spectively. For SSRIs, the proportions were 62% (N=59 of 95
women), 61% (N=45 of 74), 56% (N=31 of 55), and 55% (N=
22 of 40), respectively. The differences in proportions of re-
sponders determined by using different cutoff ages did not
appear to be clinically relevant. Therefore, we used a cutoff
of age 50 to distinguish younger from older subjects.

Response to Tricyclics

The tricyclic trials included a total of 602 subjects, 312 of
whom received the medication and 290 of whom received
placebo (12-14, 16-19). The drugs studied in these trials
included imipramine and desipramine. Placebo response
rates were 24% (N=37 of 155) for the younger women, 23%
(N=19 of 83) for the younger men, 22% (N=6 of 27) for the
older women, and 28% (N=7 of 25) for the older men. A
survival analysis suggested that the four groups did not
differ in time to onset of response for placebo-treated pa-
tients (x?=0.33, df=3, p=0.96, log-rank test). Therefore, to
simplify examination of the data, only the survival curves
representing time to onset of response for patients who re-
ceived the study medication are presented.

The outcomes of tricyclic antidepressant treatment for
the four age/sex groups were quite similar, and the four
groups’ curves for time to onset of response overlapped
(Figure 1). (To facilitate examination, curves for subjects
younger than age 50 and for those age 50 or older are pre-
sented separately.) No differences were found for men (N=
109) and women (N=146) younger than age 50 (x?>=0.02,
df=1, p=0.88, log-rank test) or for men (N=28) and women
(N=29) age 50 or older (x2=1.56, df=1, p=0.21, log-rank
test). The response of older women was superior to that of
younger women (x?=3.87, df=1, p<0.05, log-rank test).
Younger and older men had no difference in outcome (x>=
0.02, df=1, p=0.68, log-rank test). The findings can be
summarized as follows: older women > younger women =
younger men = older men.

A Cox proportional hazards regression analysis relating
time to response to treatment (tricyclic antidepressant
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versus placebo), sex, and age showed that none of the in-
teraction terms were significant (three-way interaction
X2=2.03, df=1, p=0.16; two-way interaction terms x?=2.21,
df=3, p=0.053). In addition, in the model with main effects,
sex and age factors were not significant (t=1.52, df=602, p=
0.13 and t=0.52, df=602, p=0.60, respectively). In this group
of subjects, age and sex did not appear to affect the chance
of response.

Response to MAOIs

The MAOI trials included a total of 363 subjects, 210 of
whom received the medication and 153 of whom received
placebo (13-17). The drugs studied in these trials included
phenelzine, tranylcypromine, and "-deprenyl. Placebo re-
sponse rates were 21% (N=17 of 81) for younger women,
28% (N=15 of 53) for younger men, 17% (N=2 of 12) for
older women, and 43% (N=3 of 7) for older men. A survival
analysis of time to onset of response for placebo-treated
patients showed no evidence for differences between
groups in placebo response rates (x>=3.04, df=3, p=0.39,
log-rank test). Therefore, to simplify data examination,
only the curves representing time to onset of response for
subjects who received the study medication are presented.

Survival curves showing time to onset of response to the
medication for younger and older subjects are presented
separately (Figure 1). Younger women (N=98) had a supe-
rior response, compared to younger men (N=74) (x?=4.97,
df=1, p=0.03, log-rank test). There was no evidence of a
difference in response between older men (N=19) and
older women (N=19) (x?=0.33, df=1, p=0.61, log-rank test).
However, because only 19 subjects were included in each
group, the analysis was underpowered. There were no dif-
ferences in time to medication response between younger
men and older men (x?=1.18, df=1, p=0.28, log-rank test)
or between younger women and older women (x?=0.23,
df=1, p=0.63, log-rank test). The findings can be summa-
rized as follows: older women = younger women >
younger men = older men.

To determine if differences between men and women in
response were attributable to a true drug effect, Cox pro-
portional hazards regression was used to test the interac-
tion of sex (male versus female) and treatment (medica-
tion versus placebo). The results indicated a difference in
efficacy of MAOIs between men and women, with women
having a larger drug effect (beta=—0.98, exponential of
beta=0.37, SE=0.37, z=—2.64, p<0.009).

In an attempt to understand younger women’s superior
response, we modeled the odds for response as a function
of various predictors using a logistic regression model.
Sex, age, diagnostic subtype (i.e., atypical, melancholia),
and chronicity (presence or absence), and interactions be-
tween these variables were used as predictors. Except for
sex, all predictors and interactions were not significant
(analysis not shown). The results suggest that the ob-
served sex difference cannot be explained by another
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FIGURE 1. Kaplan-Meier Survival Analysis of Time to Onset of Response to Three Types of Antidepressant Medications for

Women and Men Under Age 50 and Age 50 and Older?
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2 Subjects were patients in an outpatient depression research clinic who participated in nine different studies over a 20-year period (12-19,
unpublished 2002 manuscript of Stewart et al.). Eight studies were double-blind, randomized 6-week trials with fixed, flexible-dose schedules
(12-18, unpublished 2002 manuscript of Stewart et al.), all but one of which (12) was placebo controlled. The ninth (19) was an open-label study.

b No significant difference between women and men under age 50 (x2=0.02, df=1, p=0.88, log-rank test) and age 50 and over (x2=1.56, df=1,

p=0.21, log-rank test).

¢ Significant difference between women and men under age 50 (x?=4.97, df=1, p<0.03, log-rank test); no significant difference between
women and men age 50 and older (x2=0.33, df=1, p=0.61, log-rank test).
4 No significant difference between women and men under age 50 (x2=0.22, df=1, p=0.70, log-rank test) and age 50 and over (x2=0.95, df=1,

p=0.34, log-rank test).

identifiable variable, e.g., by the presence of a greater pro-
portion of women with a diagnosis of atypical depression.

Response to Fluoxetine

The open trial of fluoxetine included in this analysis had
840 subjects. Survival curves representing time to onset of
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response to medication for the younger and older men
and women are presented in Figure 1. No overall differ-
ences were found between the younger men (N=208) and
women (N=479) (x?=0.22, df=1, p=0.70, log-rank test) or
the older women (N=95) and men (N=58) (x2=0.95, df=1,
p=0.34, log-rank test). There were no differences between
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older and younger women (x2=0.05, df=1, p=0.82, log-rank
test) or between older and younger men (x?=0.46, df=1, p=
0.50, log-rank test).

Speed of Response

To examine speed of response, hazard ratios were used
to compare onset of medication response between men
and women for each medication group. Compared with
the younger men who received MAOIs, younger women
who received MAOIs had a more rapid onset of response,
which was evident at week 3 (hazard ratio=0.32, p=.004).
The comparisons between sexes for tricyclic antidepres-
sants and fluoxetine were not significant (data not shown).

Dropouts

Analysis of the proportions of male and female dropouts
within each drug group was used to determine whether
findings suggesting a drug effect might be attributable to
differential attrition. Dropout rates in the MAOI studies
were 26% (N=25 of 98) for younger women, 8% (N=6 of 74)
for younger men, 21% (N=4 of 19) for older women, and
21% (N=4 of 19) for older men, a significant difference (x>=
8.63, df=3, p<0.04). The dropout rate for younger men was
lower than that for younger women (x?=8.30, df=1,
p<0.01). The Hamilton depression scale scores of the
younger women who dropped out were compared with
those of all remaining patients (at the time of dropout). F
tests were done for each week contrasting the Hamilton
depression scale score for female dropouts and for the re-
maining patients; none of the differences were significant
(analysis not shown). If the women dropouts had low
Hamilton depression scale scores, they may have gotten
worse with time, which could have biased the last-obser-
vation-carried-forward analysis. However, this analysis
does not appear flawed by this potential bias.

The dropout rates for the four age/sex groups in the tri-
cyclic antidepressant studies and fluoxetine study were
similar (data not shown).

Dose Effects

Mean daily doses of medication differed by sex for the
MAOISs. For example, the mean daily phenelzine dose was
79 mg (SD=16) for younger men, 67 mg (SD=15) for
younger women, 77 mg (SD=16), for older men, and 65 mg
(SD=12) for older women (F=5.84, df=3, 105, p=0.001).
Younger men had a significantly higher dose than younger
women (t=3.84, df=91, p=0.001); there was no difference in
the doses of older men and older women (t=1.82, df=14, p=
0.09). Therefore, women’s more favorable response to
MAOIs was not explained by dose.

Doses were similar for men and women in the tricyclic
antidepressant studies. For example, the mean imipra-
mine dose at week 6 was 279 mg (SD=38) for younger men,
257 mg (SD=53) for younger women, 279 mg (SD=57) for
older men, and 269 mg (SD=46) for older women. In the
fluoxetine study;, all patients received 20 mg/day.

1852

Discussion

Despite the theoretical potential for differences be-
tween men’s and women’s response to antidepressants, we
found few such differences. A higher proportion of women
than men in this study group benefited from MAOIs.
Women age 50 and older and those younger than age 50
had similar MAOI and fluoxetine response rates. Women
age 50 and older had a superior response to tricyclic anti-
depressants.

Several studies have suggested that postmenopausal
women are less likely to benefit from antidepressants and
that hormone replacement therapy improves drug re-
sponse (1, 5). The recent Women’s Health Initiative study
reports increased risk of breast cancer, myocardial infrac-
tion, and stroke associated with replacement therapy (25).
A 2002 editorial in JAMA concluded that even these small
risks contraindicated long-term hormone therapy (26).
Our data suggest that menopause, even in the absence of
hormone replacement therapy, does not appear to affect
antidepressants’ benefit. Depressed postmenopausal
women should receive antidepressants regardless of
whether they are also receiving hormone replacement
therapy. It is unclear if adding hormone replacement ther-
apy will be beneficial for women who are unresponsive to
an antidepressant.

These findings appear to contradict those of Kornstein et
al. (1), who found sex differences in response to antide-
pressants. We examined studies frequently cited as provid-
ing evidence for sex differences in antidepressant response
and also did a MEDLINE literature review (1, 3-5, 11, 27—
37). Hamilton (32) reviewed 205 imipramine studies pub-
lished through 1991. In 35 studies (19%), a judgment about
sex effect was possible. Six were reported to show a statisti-
cally significant difference favoring women. Six others sug-
gested that men’s imipramine response was superior to
women’s. Two of those six studies included schizophrenic
patients (27, 28). In a third study, women with an adequate
plasma level had a good response to imipramine (N=6 of 7)
(33). In a fourth study, which included 13 men and 21
women and three treatment arms, the report that “interac-
tion of sex and active treatment favored men” does not
seem plausible, given the small number of subjects (35).
We conclude that only two of these six studies supported
an advantage of imipramine for men (34, 36).

Several other studies demonstrate a more favorable re-
sponse to tricyclic antidepressants in men (1, 30, 31). One
study of dothiepin maintenance suggests that time to re-
lapse was longer for men than women (29). One study
found that men had a better response to tricyclics than to
MAOIs and that women had the reverse response, but the
differences did not exceed chance because less than 50
comparisons were done (30). Two studies suggest superior
imipramine response for men (1, 31).

When data for all patients included in the 35 studies re-
viewed by Hamilton were combined, 62% of the men and
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51% of the women responded to imipramine. Many studies
had a small number of subjects and were underpowered.
Four studies clearly show an advantage of imipramine for
men (1, 31, 34, 36), and none show such an advantage for
women. Taken together, these data suggest a modest ad-
vantage of imipramine for men.

Kornstein et al. (1) suggested that women have a superior
response to SSRIs compared to imipramine. Lewis-Hall et
al. (4) analyzed data from several studies of women treated
with fluoxetine and imipramine and found the drugs
equally efficacious. Martenyi et al. (37) found women had
a better response to fluoxetine than to maprotiline, and
men had an equal response to the two drugs. However,
men’s improvement while taking fluoxetine was equal to
women’s. In a brief abstract, Steiner noted that women
had equal benefit with imipramine and paroxetine (both
superior to placebo) (3). In the fluoxetine study included
in this analysis, men and women had an equivalent re-
sponse in the acute open phase. Although this study had
an open treatment design, equivalent relapse rates for
men and women in the double-blind discontinuation
phase suggest that ratings in the open phase favored nei-
ther men nor women (19). Thus, it is unclear if women’s
response to SSRIs is superior to men’s; one study has sug-
gested thatitis (1) and two that it is not (37 and the current
study). Whether women have a superior response to SSRIs
compared to tricyclic antidepressants is also unclear; su-
perior response to SSRIs is supported by one study (1) and
not supported by two studies (3, 4).

What are the clinical and heuristic implications of these
data? Men may have a slightly better outcome with imip-
ramine, but it is unclear whether this small advantage is a
result of pharmacokinetics, pharmacodynamics, or diag-
nostic differences. Perhaps men are more likely to have an
imipramine-responsive subtype of depression with a dis-
tinctive neurophysiology that is as yet unidentified. Simi-
lar parameters should be considered in attempting to ex-
plain the slight advantage of MAOIs for women.

Even if we assume a real but small sex-related difference
in tricyclic antidepressant and MAOI outcomes, the clini-
cal relevance of the difference is minimal. SSRIs and other
second-generation antidepressants have a more favorable
side effect profile than the tricyclics and MAOIs, and most
often clinicians choose to prescribe them first (38). MAOIs
and tricyclic antidepressants have become second-line
drugs, and the slight sex advantages (or disadvantages)
should not alter their use. The current data do not allow a
firm algorithm of choices, although a collaborative study
may permit better informed decisions in the future (39).

One limitation of this study is that there were too few
patients to be sure that 10% differences in outcome be-
tween the sexes exist. Given the large number of studies
that have been done, relatively few data about female-
male differences in outcome are available. To help clarify
the extent of sex-specific differences in antidepressant re-
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sponse, we recommend testing for treatment-by-sex inter-
actions in all studies of antidepressants and reporting
both the positive and negative findings.
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