
RESEARCH ARTICLE Open Access

Venlafaxine vs. fluoxetine in
postmenopausal women with major
depressive disorder: an 8-week,
randomized, single-blind, active-controlled
study
Jingjing Zhou1,2†, Xiao Wang1†, Lei Feng1,2, Le Xiao1,2, Rui Yang1,2, Xuequan Zhu1, Hui Shi3, Yongdong Hu3,
Runsen Chen1,2,4, Philip Boyce5,6 and Gang Wang1,2*

Abstract

Background: In the population of postmenopausal patients with major depressive disorder (MDD), the superiority
of serotonin-norepinephrine reuptake inhibitors (SNRIs) over selective serotonin reuptake inhibitors (SSRIs) has not
yet been definitively proven. Consequently, a direct comparison of the efficacy of SSRIs and SNRIs in the treatment
of postmenopausal depression could provide relevant data. The aim of this study was to compare the efficacy and
safety of venlafaxine vs. fluoxetine in the treatment of postmenopausal MDD.

Methods: This was an 8-week, multicenter, randomized, single-blind, active-controlled trial conducted at a
psychiatric hospital (Beijing Anding Hospital) and a general hospital (Beijing Chaoyang Hospital) between April 2013
and September 2017. The primary outcome measure was improving depressive symptoms (Hamilton Depression
Rating Scale (HAMD-24) score). The secondary outcomes included the change of HAMD-24 anxiety/somatization
factor score and Clinical Global Impressions-Improvement (CGI-I) response rate. Safety was assessed by treatment-
emergent adverse events (TEAEs) and laboratory tests. Efficacy was analyzed by using the full analysis set (FAS)
following the modified intention-to-treat (mITT) principle. The primary endpoint measurements were analyzed
using a mixed-effect model for repeated measures (MMRM) model with patients as a random-effect factor,
treatment group as the independent variable, time as a repeated measure, and baseline covariates, using a first-
order ante dependence covariance matrix.
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Results: A total of 184 women were randomized. The full analysis set (FAS) included 172 patients (venlafaxine, n =
82; fluoxetine, n = 90). Over the 8-week study period, the reduction in HAMD-24 scores was significant (P < 0.001) in
both groups, while a significantly greater decline from baseline was observed in the venlafaxine group compared
with the fluoxetine group (least-squares mean difference [95% CI]: − 2.22 [− 7.08, − 0.41]), P = 0.001). The baseline-
to-week-8 least-squares mean change of the anxiety/somatization factor scores, CGI-I response rate were greater in
the venlafaxine group than in the fluoxetine group (all P < 0.05). The most frequent TEAEs (≥5%) in both groups
were nausea, somnolence, dizziness, headache, and dry mouth. There was no significant difference in the incidence
of adverse events between the two groups.

Conclusion: Venlafaxine was well tolerated and compared to fluoxetine, it led to a greater improvement in the
treatment of postmenopausal MDD.

Trial registration: Clinical Trials. gov #NCT01824433. The trial was registered on April 4, 2013.

Keywords: Fluoxetine, Postmenopausal depression, Randomized controlled trial, Venlafaxine

Background
Major depressive disorder (MDD) is a common type of
depressive disorder characterized by a persistent low
mood, a lack of positive affect, and a loss of interest in
usually pleasurable activities (anhedonia) that is different
from the patient’s usual self and causes significant distress
or impairment for ≥2 weeks [1, 2]. The prevalence of
MDD in the United States is approximately 7% per year,
with a lifetime prevalence of 16.6% [3]. It is estimated that
4.4% of the global population suffers from depression,
which is the leading cause of disability worldwide [4].
It is well-known that females are more prone to de-

pression than males. In fact, it is generally believed that
compared to men, twice as many women experience
major depression. Recent estimates of the global 12-
month prevalence of major depressive disorder are 5.8%
in women and 3.5% in men [5]. Postmenopausal women
are at significant risk for depression [6]. A previous
study has shown that 5.7% of women are diagnosed with
MDD after menopause [7]. Treatment usually includes
pharmacological therapy with antidepressants, such as
selective serotonin reuptake inhibitors (SSRIs) and
serotonin-norepinephrine reuptake inhibitors (SNRIs).
Research suggests that postmenopausal and older
women seem not to respond well to SSRIs as compared
to pre- or perimenopausal women [8, 9]. On the other
hand, SNRIs’ efficacy is consistent across age groups [10,
11]. These studies’ limitations are that the menopausal
status was determined by age, a small sample size, and
non-randomized designs. In the population of postmen-
opausal patients with MDD, SNRIs’ superiority over
SSRIs has not yet been finally confirmed.
Venlafaxine is the first of the SNRIs that provides

dose-dependent norepinephrine reuptake inhibition; a
dosage of 150 mg/day or higher is sufficient to produce
noradrenergic activity, and it has low affinity for the
postsynaptic receptors [12, 13]. Fluoxetine is an SSRIs
widely used for depressive disorders [14] that does not

appreciably inhibit norepinephrine and dopamine re-
uptake at therapeutic doses. As it is the most commonly
studied of the SSRIs, we elected to use it to compare it
against venlafaxine.
Therefore, this randomized, single-blind trial com-

pared the efficacy of venlafaxine and fluoxetine in post-
menopausal women with MDD, aiming to evaluate the
effect of postmenopausal status on the effectiveness of
antidepressants. We hypothesized that venlafaxine has
superior efficacy compared to fluoxetine for postmeno-
pausal depression after 8 weeks.

Methods
Study design
This was an 8-week, multicenter, randomized, single-
blind, active-controlled trial conducted at a psychiatric
hospital (Beijing Anding Hospital) and a general hospital
(Beijing Chaoyang Hospital) between April 2013 and
September 2017. The study protocol was approved by
the ethical review board at each study center. The study
was carried out according to the Declaration of Helsinki
and the guidelines for good clinical practice. The trial
was registered (Clinical Trials. gov #NCT01824433),
prior to the study. Written informed consent was ob-
tained from all participants before the commencement
of any study procedures. Patients were informed that
they were free to withdraw from the trial at any time.

Participants
Outpatient participants had to be ≥50 years old and to
meet the Diagnostic and Statistical Manual of Mental
Disorders-IV (DSM-IV) criteria for MDD, as determined
by the Mini International Neuropsychiatric Interview
(MINI). Menopausal status and menopausal age were
self-reported. Menopause was defined as at least 1 year
without menses. MDD could be newly-diagnosed with
depressive episodes within 1 year or recurrent with at
least 5 years from the last depressive episodes. Patients
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were required to have a 24-item Hamilton Depression
Rating Scale (HAMD-24) total score ≥ 20, and HAMD
item 1 (depressed mood) score ≥ 2 at screening and
baseline. The exclusion criteria were: 1) current diagno-
sis of DSM-IV-TR axis I psychiatric illness such as
schizophrenia, bipolar disorder, mental retardation,
brain organic mental disorders, mental disorders due to
a general medical condition, and any substance abuse
disorder; 2) clinically significant medical diseases, includ-
ing any cardiovascular, hepatic, renal, respiratory,
hematologic, endocrinological, and neurologic diseases;
3) clozapine use up to 3 months before screening; 4) his-
tory of lacked efficacy of venlafaxine or fluoxetine; 5)
not receiving hormonal replacement therapy; 6) treat-
ment with electroconvulsive therapy (ECT) within 3
months prior to screening.

Randomization and blinding
Patients meeting the eligibility criteria at baseline were
randomly allocated to fluoxetine or venlafaxine at a 1:1
ratio using a computer-generated list of random num-
bers. In order to ensure allocation concealment, sequen-
tially numbered opaque sealed envelopes were used.
Individuals were randomized to groups by a researcher
not connected to the study team. The raters who per-
formed the evaluations were blinded to individual treat-
ment assignments. All other researchers and the patients
were unblinded to treatment group assignment.

Treatment
The doses of venlafaxine and fluoxetine were tailored based
on clinical considerations determined by the investigators
at each site. The patients randomized to oral venlafaxine
were initiated at a dose of 75mg/d at the investigators’ con-
siderations. Based on response and tolerability, the dose
could be titrated upward to 150mg/d at a 2-week interval,
while the maximal dose was 225mg/d. The patients ran-
domized to oral fluoxetine were initiated at an initial dose
of 20mg/d, and the dose could be titrated upward by 10-
mg increments at 2-week intervals according to investiga-
tors’ judgment to a maximum daily dose of 60mg. The
total study period was 8 weeks. The patients were examined
at baseline and at weeks 1, 2, 4, 6, and 8.
The participants were not allowed to take any treatment

that may affect the study drug’s efficacy, such as other psy-
chotropic drugs, ECT, and psychotherapy. Benzodiaze-
pines (preferred lorazepam) were prohibited 8 h before
the psychiatric evaluations. Trihexyphenidyl could be used
for extrapyramidal symptoms but not for prophylaxis, to a
maximal dose of 12mg/d during the study.

Endpoints
The primary efficacy endpoint was the mean change in
the HAMD-24 scores from baseline to week 8. The

secondary efficacy endpoints were: 1) the mean change
in the anxiety/somatization factor scores (sum of items
10–13, 15, and 17); 2) the proportion of Clinical Global
Impressions-Improvement (CGI-I) score of 1 or 2 (very
much or much improved) at week 8.
The HAMD-24 is a questionnaire used to provide an

indication of depression in adults and to evaluate recov-
ery and remission [15, 16]. The CGI-I scale is a investi-
gators’ assessment of how much the illness improved or
worsened in relation to baseline [17].
All patients underwent a complete physical examin-

ation at the beginning of the trial and at each subse-
quent visit. Safety was assessed based on the adverse
events (AEs) recorded by the investigators. Electrocar-
diogram (ECG) recordings were performed at baseline
and at 8 weeks. Blood pressure and heart rate were
assessed at each study visit.

Statistical analysis
The sample-size calculation showed that using a power
of 90%, a total of 160 patients (80 in each treatment
group) were required to demonstrate the superiority of
venlafaxine to fluoxetine, with α set at 5%. Assuming a
drop-out rate of 20%, enrolling 200 patients (100 in each
group) was necessary. This was based on a superiority
comparison of the treatment groups in HAMD-24 total
score using a two-sided 95% confidence interval against
a margin of 1.8 points, a standard deviation of 3.5 [18],
and an expected true mean difference of 0 points be-
tween treatments.
Efficacy was analyzed using the full analysis set (FAS)

following the modified intention-to-treat (mITT)
principle, which included all randomized women who
met the study criteria and took at least one dose of study
drug and who had one or more post-baseline HAMD-24
evaluations. Per-protocol (PP) analysis refers to inclusion
in the analysis of only those patients who strictly ad-
hered to the protocol. Safety analyses were based on the
safety set (SS), comprising all randomized patients who
took at least one dose of study medication.
The endpoint measurements were analyzed using a

mixed-effect model for repeated measures (MMRM)
with patients as a random-effect factor, treatment group,
time and research center as the fixed variable, patients
as the random variable, random effects include intercept,
baseline as a covariable, research center*group, time*-
group as interaction effect using a first-order ante de-
pendence covariance matrix. Missing values were not
imputed. The cumulative CGI-I response rate (much or
very much improved) were compared between the two
groups using the Fisher exact test. Categorical variables
were described using frequencies (percentages) and con-
tinuous variables as means ± standard deviation (SD).
Data were analyzed with SPSS software version 22 (IBM,
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Armonk, NY, USA). All statistical tests were two-sided.
P values <0.05 were considered statistically significant.

Results
Patients
Figure 1 presents the patient flowchart. A total of 189
women were screened: five participants failed screening,
and 184 women were randomized. The clinical and socio-
demographic characteristics of the participants are pre-
sented in Table 1. There were no statistically significant
differences between the two groups. Among them, 130
(63 on venlafaxine and 67 on fluoxetine) completed the 8-
week study period; 26/90 (28.9%) participants in the venla-
faxine group and 28/94 (29.8%) in the fluoxetine group
dropped out from the study (P = 0.894). A total of 54 pa-
tients were discontinued from the study. The main rea-
sons for discontinuation were participant decision (n =
11), poor adherence (n = 14), intolerable side effects (n =
11), loss to follow-up (n = 9), lack of efficacy (n = 5) and
other reasons (n = 4). The mean daily doses for venlafax-
ine and fluoxetine at week 8 were 141.96 (55.3) mg/day
and 38.96 (12.59) mg/day, respectively.

Efficacy
FAS
The MMRM model revealed differences between the two
groups on HAMD-24 total scores at 8 weeks (F(1,144) =
12.0, P = 0.001) (Table 2 and Fig. 2). The venlafaxine

group decreased significantly compared with fluoxetine
group in the HAMD-24 total scores (least-squares mean
difference (LSMD) [95% CI]: − 2.22 [− 7.08, − 0.41]). The
HAMD-24 total scores were reduced post-treatment for
each group (F(4,137) = 68.8, P < 0.01). The analyses did not
reveal any significant effects for time × treatment inter-
action on HAMD-24 (F(4,137) = 0.17, P = 0.95).

Pp
The MMRM model revealed differences between the
two groups on HAMD-24 total scores (F(1,124) = 8.7, P =

Fig. 1 Patient flowchart. a.HAMD-24, 24-item Hamilton Depression Rating Scale; FAS, full analysis set; SS, safety analyses

Table 1 Baseline characteristics of postmenopausal patients
with major depressive disorder

Characteristics Venlafaxine
(n = 82)

Fluoxetine
(n = 90)

P

Age (years), mean ± SD 56.7 ± 6.8 56.9 ± 5.8 0.83

BMI (kg/m2), mean ± SD 23.9 ± 3.8 23.0 ± 2.9 0.14

Age at onset (years), mean ± SD 52.3 ± 7.9 51.5 ± 8.2 0.55

Duration of illness (years), mean ± SD 5.7 ± 6.2 6.3 ± 6.9 0.54

Previous episodes, mean ± SD 2.0 ± 1.9 2.0 ± 2.3 0.88

HAMD-24 total score, mean ± SD 30.5 ± 7.3 31.7 ± 8.5 0.34

Anxiety/somatization score, mean ± SD 8.3 ± 2.6 8.8 ± 2.5 0.22

CGI-I score, mean ± SD 3.7 ± 1.2 3.7 ± 1.0 0.78

Family history, n (%) 10 (12.2) 9 (10.0) 0.65

BMI body mass index, CGI-I Clinical Global Impression of Improvement, HAMD-
24 24-item Hamilton Depression Rating Scale, SD standard deviation
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0.004). The venlafaxine group decreased significantly
compared with fluoxetine group in the HAMD-24 total
scores (least-squares mean difference (LSMD) [95% CI]:
− 1.8 [− 6.6, − 0.31]). The HAMD-24 total scores were
reduced post-treatment in each group (F(4,124) = 64.1,
P < 0.01) (Table 2).

Secondary endpoints
The MMRM model revealed differences between the
two groups on the total anxiety/somatization factor
scores (F(1,137) = 14.5, P < 0.01) (Table 2 and Fig. 3). Ven-
lafaxine group decreased significantly compared with
fluoxetine group in anxiety/somatization factor scores
(LSMD [95% CI]: − 2.33 [− 2.25, − 0.19]). The anxiety/
somatization factor scores were reduced over the course
of treatment for each group (F(4,133) = 58.4, P < 0.01).

At 8 weeks, the proportion of responders on CGI-I
was 68.9% in the venlafaxine group and 48.5% in the flu-
oxetine group (P = 0.019) (Fig. 4).

Safety and tolerability
Safety analyses were performed in 89 subjects on venlafax-
ine and 93 on fluoxetine. Twenty-four subjects in the ven-
lafaxine group (27.0%; 31 events) and 30 in the fluoxetine
group (32.3%; 44 events) reported treatment-emergent ad-
verse events (TEAEs) (P = 0.435). Study drug-related
TEAEs were reported by 16 subjects in the venlafaxine
group (18.0%, 20 events) and 25 in the fluoxetine group
(26.9%, 36 events)(P = 0.151). Three subjects in the venla-
faxine group (3.4%) and eight in the fluoxetine group
(8.6%) discontinued treatment because of TEAEs (P =
0.139). All TEAEs were mild or moderate in severity.

Table 2 The mixed effect model analysis results of the two groups of HAMD-24,anxiety/somatization factor score

Group Time Research center Research center*Group Time*group

HAMD(8w, FAS)

F 12.0 68.8 3.04 0.01 0.17

P 0.001 < 0.01 0.08 0.92 0.95

HAMD(8w, PP)

F 8.7 64.1 3.2 0.05 0.03

P 0.004 < 0.01 0.08 0.82 0.98

Anxiety/somatization factor(8w, FAS)

F 14.5 58.4 0.67 0.97 0.9

P < 0.01 < 0.01 0.42 0.33 0.47

Data were analyzed using a mixed-effect model for repeated measures (MMRM). HAMD-24 24-item Hamilton Depression Rating Scale, FAS full analysis set, PP per-
protocol analysis, * interaction

Fig. 2 24-item Hamilton Depression Rating Scale (HAMD-24) total scores over the 8-week treatment phase
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The most common drug-related TEAEs reported by the
patients in the venlafaxine group were nausea (15.7%),
somnolence (6.7%), and dizziness (5.6%). The most com-
mon TEAEs in the fluoxetine group were nausea (11.8%),
dry mouth (7.5%), dizziness (6.5%), and headache (5.4%).
The venlafaxine group exhibited a significantly higher in-
cidence of leukopenia, constipation, and difficulty urinat-
ing. The fluoxetine group had a higher incidence of
increased intraocular pressure (Table 3). No SAE was re-
ported. One participant reported a patellar fracture, and
one participant in the fluoxetine group reported cervical
spondylosis (not study drug-related).

Discussion
Principal findings
Previous studies comparing SNRIs and SSRIs in the
treatment of postmenopausal MDD have several limi-
tations [8–11, 19, 20]. Therefore, the aim of this
study was to compare the efficacy and safety of venla-
faxine vs. fluoxetine in the treatment of postmeno-
pausal MDD. The results suggested that venlafaxine
was well tolerated, leading to greater improvement
than fluoxetine in the treatment of postmenopausal
MDD. The safety profile was comparable between the
two groups.

Fig. 3 Anxiety/somatization scores over the 8-week treatment phase

Fig. 4 Proportion of patients with “very much or much improved” (CGI-Improvement = 1 or 2) at each follow-up visit
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Results
This is the first multicenter, randomized, controlled trial
that evaluated the efficacy of fluoxetine vs. venlafaxine in
women with postmenopausal MDD. The symptoms of
depression significantly improved in both groups; how-
ever, venlafaxine was superior to fluoxetine in control-
ling depression symptoms. Our results showed that
menopause affected SSRI’s antidepressant effect, which
is consistent with other studies comparing the effect of
SNRIs and SSRIs in menopausal depression [11]. SNRIs
may have a consistent antidepressant effect in women
across different ages and menopausal staging. In their
study on sleep-related issues, Davari-Tanha et al sug-
gested that venlafaxine is more efficacious than citalo-
pram in the treatment of depression in postmenopausal
women [21]. The results from the present study confirm
and extend these findings. On the other hand, Soares
et al found no significant differences in the efficacy of
SNRIs and SSRIs in their study on the treatment of post-
menopausal women with MDD [22]. The main reason
for these inconsistencies might be the high doses of des-
venlafaxine (100–200 mg/d) that did not necessarily con-
fer a greater magnitude of efficacy but were associated
with greater TEAEs. By contrast, the doses in our study,
which were prescribed according to the physicians’ deci-
sion, all fell within the recommended doses, i.e., 75–225
mg/d for venlafaxine and 20–60mg/d for fluoxetine.
There are other possible explanations for the differ-

ences in drug efficiency. First, the pharmacological pro-
files of the drugs could explain the clinical differences
between them. Venlafaxine is an antidepressant with a
mechanism of action that is believed to involve the in-
hibition of the uptake pumps for 5-HT and NE with in-
hibition of NE uptake, which is particularly relevant at
high doses [23]. Fluoxetine is an antidepressant of the
SSRI class [24] that mainly inhibits 5-HT. Second, estro-
gens decline in postmenopausal women [25], and

augments the response to SSRIs in female patients with
MDD [26, 27]. Animal studies support the notion that
estrogens increase serotonergic activity, which could ex-
plain why postmenopausal patients have a poor response
to SSRIs. Estrogen can increase 5-HT by decreasing the
expression of monoamine oxidases-A (MAO-A) activity,
the enzymes responsible for the degradation of 5-HT
[28, 29]. Estrogens increase the activity of tryptophan
hydroxylase, the rate-limiting enzyme involved in the
synthesis of 5-HT, resulting in an increase in overall 5-
HT availability [30, 31]. Estrogens also decrease the sero-
tonin reuptake transporter; this transporter, located pre-
synaptically, is very important in the elimination
pathway of 5-HT from the synaptic cleft [32]. Taken to-
gether, these points could explain why menopausal de-
pressed women were less responsive to SSRIs.
In the present study, the venlafaxine-treated group dis-

played a statistically significant earlier improvement of
MDD symptoms compared with fluoxetine, which is
consistent with a previous study [33]. Venlafaxine has an
acute onset of down-regulation of β-adrenergic recep-
tors, which might be a mechanism underlying the early
onset of action [34]. It will be necessary to determine
the exact mechanisms of the early improvement of de-
pressive symptoms in menopausal women when using
venlafaxine.
The present study also showed that venlafaxine signifi-

cantly improved anxiety and somatization compared
with fluoxetine. These findings are in line with a previ-
ous study in which venlafaxine was superior to fluoxet-
ine in improving anxiety symptoms [33]. Similarly, a
pooled analysis from five double-blind, randomized
studies showed that venlafaxine is superior to fluoxetine
in improving anxious symptoms [35]. The AEs and
TEAEs of venlafaxine and fluoxetine were similar. Treat-
ment discontinuation due to AEs occurred at low inci-
dence, thus suggesting that the two drugs were well

Table 3 Adverse events

Event, n (%) Venlafaxine (n = 89) Fluoxetine (n = 93) P

Nausea 14 (15.7) 11 (11.8) 0.445

Somnolence 6 (6.7) 3 (3.2) 0.274

Dizziness 5 (5.6) 6 (6.5) 0.813

Dry mouth 4 (4.5) 7 (7.5) 0.391

Headache 4 (4.5) 5 (5.4) 0.784

Hand shake 3 (3.4) 2 (2.2) 0.615

Sweating 2 (2.2) 1 (1.1) 0.535

Constipation 2 (2.2) 0 –

Diarrhea 1 (1.1) 3 (3.2) 0.334

Difficulty urinating 1 (1.1) 0 –

Leukopenia 1 (1.1) 0 –

Increased intraocular pressure 0 1 (1.1) –
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tolerated. Also, all TEAEs in the present study were mild
or moderate in severity, which is again consistent with
previous studies [35].

Clinical implications
The overall health and well-being of middle-aged women
have become a major public health concern around the
world. According to the current life expectancy, women
spend almost a third of their life being menopausal and
estrogen-deficient [36]. More than 80% of the women ex-
perience physical or psychological symptoms in the years
when they approach menopause, with various distress and
disturbances in their lives, leading to a decreased quality
of life [37]. Women are about twice as likely as men to de-
velop depression during their lifetime, and the postmeno-
pausal period is associated with a higher vulnerability to
depression among female patients [38–40]. Postmeno-
pausal women are more likely to have suicidal ideation
and poorer physical functioning than premenopausal and
perimenopausal women [41]. Hence, it is essential to
optimize pharmacologic options for the treatment of pa-
tients with postmenopausal MDD. This study suggests
that women with postmenopausal major depressive dis-
order might benefit more from an SNRI than from an
SSRI, with a more rapid and better response to treatment.
The results provide some clues to optimize antidepressant
pharmacotherapy for postmenopausal MDD.

Strengths and limitations
This was a prospective trial, and it was finally adequately
powered to verify the hypothesis; however, there are still
some limitations. First, we did not measure estrogen
levels at baseline. Future studies should measure estro-
gens, which could provide a new perspective towards
understanding estrogen’s influence on antidepressants.
Second, 8 weeks of antidepressant treatment were insuf-
ficient to evaluate the long-term effects, and a longer
follow-up period is required. Third, we only compared
two active treatments without a placebo. Fourth,
Menopause-Related Symptoms were not used to evalu-
ate hot flashes, night sweats, and other menopausal
symptoms in this study. Fifth, this study did not include
treatment-resistant depression (TRD) in postmenopausal
depression; research in this area will be strengthened in
the future. Sixth, the drop-out rate was high in this
study. Finally, we did not recruit 200 patients as per the
sample size calculation This non-significant finding
might be due to a type II error, underlining the need for
replication. Only 189 were included due to time limit
and economic resources.

Conclusions
This randomized controlled trial evaluated the compara-
tive efficacy of SNRIs vs. SSRIs for the treatment of

MDD in postmenopausal patients. After 8 weeks of
treatment, the efficacy of venlafaxine is superior to flu-
oxetine in the treatment of postmenopausal MDD. Ven-
lafaxine and fluoxetine were safe and well-tolerated.
Future, large-scale clinical trials are warranted to evalu-
ate the efficacy and tolerability of SNRIs and SSRIs in
the treatment of postmenopausal MDD.

Abbreviations
AEs: Adverse events; CGI-I: Clinical Global Impressions-Improvement;
CI: Confidence interval; DSM-IV: Diagnostic and Statistical Manual of Mental
Disorders-IV; ECG: Electrocardiogram; ECT: Electroconvulsive therapy; FAS: Full
analysis set; HAMD-24: 24-item Hamilton Depression Rating Scale;
LSMD: Least-squares mean difference; PP: Per-protocol analysis; MAO-
A: Monoamine oxidases-A; MDD: Major depressive disorder; MINI: Mini
International Neuropsychiatric Interview; mITT: Modified intention-to-treat;
MMRM: Mixed-effect model for repeated measures; SD: Standard deviation;
SNRIs: Serotonin-norepinephrine reuptake inhibitors; SS: Safety set;
SSRIs: Selective serotonin reuptake inhibitors

Acknowledgments
Not applicable.

Authors’ contributions
JJZ and XW conceived and coordinated the study, designed, performed, and
analyzed the experiments, wrote the paper. LF, LX, RY, XQZ, HS, YDH, RSC,
PB, and GW carried out the data collection, data analysis and revised the
paper. All authors approved the final version of the manuscript for
submission.

Funding
This study was funded by the National Key Research & Development
Program of China (No. 2016YFC1307200); the Capital’s Funds for Health
Improvement and Research (No. CFH 2018–1-2121); the Beijing Municipal
Administration of Hospitals Incubating Program (No. PX2018064) and Youth
talent training plan of Beijing hospital management center (No.
QML20191903). The trial was partially supported by research funding from
Pfizer Inc., but the views expressed in this paper are those of the authors.
The supporters had no role in the design, analysis, interpretation, or
publication of this study.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author.

Declarations

Ethics approval and consent to participate
The study protocol was approved by the ethics committee of Beijing Anding
Hospital and Beijing Chaoyang Hospital, respectively. The study was carried
out according to the Declaration of Helsinki and the guidelines for good
clinical practice. The trial was registered (ClinicalTrials.gov #NCT01824433) on
April 4, 2013, prior to the study initiation. Written informed consent was
obtained from all participants before the commencement of any study
procedures. Patients were informed that they were free to withdraw from
the trial at any time.

Consent for publication
Not applicable.

Competing interests
Dr. Gang Wang received research support from Pfizer and Merck & Co., Inc.
The other authors report no competing interests.

Author details
1The National Clinical Research Center for Mental Disorders & Beijing Key
Laboratory of Mental Disorders & Beijing Anding Hospital, Capital Medical
University, No 5. Ankang Lane, Deshengmen Wai, Xicheng District, Beijing
100088, China. 2Advanced Innovation Center for Human Brain Protection,

Zhou et al. BMC Psychiatry          (2021) 21:260 Page 8 of 10

http://clinicaltrials.gov


Capital Medical University, Beijing, China. 3Department of Clinical Psychology,
Beijing Chao-Yang Hospital, Capital Medical University, Beijing, China.
4Department of Psychiatry, University of Oxford, Oxford, UK. 5Discipline of
Psychiatry, Westmead Clinical School, Sydney Medical School, The University
of Sydney, Sydney, NSW, Australia. 6Department of Psychiatry, Westmead
Hospital, Sydney, Australia.

Received: 12 May 2020 Accepted: 3 May 2021

References
1. National Collaborating Centre for Mental Health commissioned by the

National Institute for Health and Care Excellence (NICE). Depression in
adults: the treatment and management of depression in adults (updated
edition). London: NICE; 2009.

2. Gelenberg AJ, Freeman MP, Markowitz JC. Practice guideline for the
treatment of patients with major depressive disorder (third edition).
Washington, D.C.: American Psychiatric Association; 2010.

3. Brody DJ, Pratt LA, Hughes JP. Prevalence of Depression Among Adults
Aged 20 and Over: United States, 2013–2016. NCHS Data Brief: 1–8; 2018.

4. World Health Organization: Depression and Other Common Mental
Disorders: Global Health Estimates. 2017.

5. Ferrari AJ, Somerville AJ, Baxter AJ, Norman R, Patten SB, Vos T, et al. Global
variation in the prevalence and incidence of major depressive disorder: a
systematic review of the epidemiological literature. Psychol Med. 2013;43(3):
471–81. https://doi.org/10.1017/S0033291712001511.

6. Unsal A, Tozun M, Ayranci U. Prevalence of depression among
postmenopausal women and related characteristics. Climacteric. 2011;14(2):
244–51. https://doi.org/10.3109/13697137.2010.510912.

7. Jung SJ, Shin A, Kang D. Hormone-related factors and post-menopausal
onset depression: results from KNHANES (2010-2012). J Affect Disord. 2015;
175:176–83. https://doi.org/10.1016/j.jad.2014.12.061.

8. Grigoriadis S, Bouffard BA, Kennedy S, Bagby RM, Joffe RT. A comparison of
desipramine response in younger and older women. J Clin
Psychopharmacol. 2010;30(1):80–2. https://doi.org/10.1097/JCP.0b013e3181
c82717.

9. Pinto-Meza A, Usall J, Serrano-Blanco A, Suarez D, Haro JM. Gender
differences in response to antidepressant treatment prescribed in primary
care. Does menopause make a difference? J Affect Disord. 2006;93(1–3):53–
60. https://doi.org/10.1016/j.jad.2006.02.010.

10. Kornstein SG, Clayton AH, Soares CN, Padmanabhan SK, Guico-Pabia CJ.
Analysis by age and sex of efficacy data from placebo-controlled trials of
desvenlafaxine in outpatients with major depressive disorder. J Clin
Psychopharmacol. 2010;30(3):294–9. https://doi.org/10.1097/JCP.0b013e3181
dcb594.

11. Burt VK, Wohlreich MM, Mallinckrodt CH, Detke MJ, Watkin JG, Stewart DE.
Duloxetine for the treatment of major depressive disorder in women ages
40 to 55 years. Psychosomatics. 2005;46(4):345–54. https://doi.org/10.1176/a
ppi.psy.46.4.345.

12. Melichar JK, Haida A, Rhodes C, Reynolds AH, Nutt DJ, Malizia AL.
Venlafaxine occupation at the noradrenaline reuptake site: in-vivo
determination in healthy volunteers. J Psychopharmacol (Oxford, England).
2001;15(1):9–12.

13. Strawn JR, Geracioti L, Rajdev N, Clemenza K, Levine A. Pharmacotherapy for
generalized anxiety disorder in adult and pediatric patients: an evidence-
based treatment review. Expert Opin Pharmacother. 2018;19(10):1057–70.
https://doi.org/10.1080/14656566.2018.1491966.

14. Ungvari Z, Tarantini S, Yabluchanskiy A, Csiszar A. Potential adverse
cardiovascular effects of treatment with fluoxetine and other selective
serotonin reuptake inhibitors (SSRIs) in patients with geriatric depression:
implications for Atherogenesis and Cerebromicrovascular dysregulation.
Front Genet. 2019;10:898. https://doi.org/10.3389/fgene.2019.00898.

15. Hamilton M. Rating depressive patients. J Clin Psychiatr. 1980;41(12 Pt
2):21–4.

16. Williams JB. A structured interview guide for the Hamilton depression rating
scale. Arch Gen Psychiatr. 1988;45(8):742–7. https://doi.org/10.1001/a
rchpsyc.1988.01800320058007.

17. Guy W. Clinical global impressions (CGI) scale, modified. In: Rush JA, Task
force for the handbook of psychiatric measures, editors. Handbook of
Psychiatric Measures (1st ed). Edn. Washington, D.C.: American Psychiatric
Association; 2000.

18. Dierick M, Ravizza L, Realini R, Martin A. A double-blind comparison of
venlafaxine and fluoxetine for treatment of major depression in outpatients.
Prog Neuro-Psychopharmacol Biol Psychiatry. 1996;20(1):57–71. https://doi.
org/10.1016/0278-5846(95)00292-8.

19. Martenyi F, Dossenbach M, Mraz K, Metcalfe S. Gender differences in the
efficacy of fluoxetine and maprotiline in depressed patients: a double-blind
trial of antidepressants with serotonergic or norepinephrinergic reuptake
inhibition profile. Eur Neuropsychopharmacol. 2001;11(3):227–32. https://doi.
org/10.1016/S0924-977X(01)00089-X.

20. Kornstein SG, Schatzberg AF, Thase ME, Yonkers KA, McCullough JP, Keitner
GI, et al. Gender differences in treatment response to sertraline versus
imipramine in chronic depression. Am J Psychiatry. 2000;157(9):1445–52.
https://doi.org/10.1176/appi.ajp.157.9.1445.

21. Davari-Tanha F, Soleymani-Farsani M, Asadi M, Shariat M, Shirazi M,
Hadizadeh H. Comparison of citalopram and venlafaxine's role in treating
sleep disturbances in menopausal women, a randomized, double-blind,
placebo-controlled trial. Arch Gynecol Obstet. 2016;293(5):1007–13. https://
doi.org/10.1007/s00404-015-3900-1.

22. Soares CN, Thase ME, Clayton A, Guico-Pabia CJ, Focht K, Jiang Q, et al.
Desvenlafaxine and escitalopram for the treatment of postmenopausal
women with major depressive disorder. Menopause (New York, NY). 2010;
17(4):700–11.

23. Haskins JT, Moyer JA, Muth EA, Sigg EB. DMI, Wy-45,030, Wy-45,881 and
ciramadol inhibit locus coeruleus neuronal activity. Eur J Pharmacol. 1985;
115(2–3):139–46. https://doi.org/10.1016/0014-2999(85)90684-3.

24. Wong DT, Bymaster FP, Engleman EA. Prozac (fluoxetine, Lilly 110140), the
first selective serotonin uptake inhibitor and an antidepressant drug: twenty
years since its first publication. Life Sci. 1995;57(5):411–41. https://doi.org/1
0.1016/0024-3205(95)00209-O.

25. Almeida OP, Lautenschlager N, Vasikaram S, Leedman P, Flicker L.
Association between physiological serum concentration of estrogen and
the mental health of community-dwelling postmenopausal women age 70
years and over. Am J Geriatric Psychiatr. 2005;13(2):142–9. https://doi.org/1
0.1097/00019442-200502000-00008.

26. Morgan ML, Cook IA, Rapkin AJ, Leuchter AF. Estrogen augmentation of
antidepressants in perimenopausal depression: a pilot study. J Clin Psychiatr.
2005;66(6):774–80. https://doi.org/10.4088/JCP.v66n0617.

27. Schneider LS, Small GW, Hamilton SH, Bystritsky A, Nemeroff CB, Meyers BS.
Estrogen replacement and response to fluoxetine in a multicenter geriatric
depression trial. Fluoxetine collaborative study group. Am J Geriatric
Psychiatr. 1997;5(2):97–106. https://doi.org/10.1097/00019442-199721520-
00002.

28. Smith LJ, Henderson JA, Abell CW, Bethea CL. Effects of ovarian steroids and
raloxifene on proteins that synthesize, transport, and degrade serotonin in
the raphe region of macaques. Neuropsychopharmacol. 2004;29(11):2035–
45. https://doi.org/10.1038/sj.npp.1300510.

29. Holschneider DP, Kumazawa T, Chen K, Shih JC. Tissue-specific effects of
estrogen on monoamine oxidase a and B in the rat. Life Sci. 1998;63(3):155–
60. https://doi.org/10.1016/S0024-3205(98)00255-0.

30. Gundlah C, Alves SE, Clark JA, Pai LY, Schaeffer JM, Rohrer SP. Estrogen
receptor-beta regulates tryptophan hydroxylase-1 expression in the murine
midbrain raphe. Biol Psychiatry. 2005;57(8):938–42. https://doi.org/10.1016/j.
biopsych.2005.01.014.

31. Sanchez RL, Reddy AP, Centeno ML, Henderson JA, Bethea CL. A second
tryptophan hydroxylase isoform, TPH-2 mRNA, is increased by ovarian
steroids in the raphe region of macaques. Brain Res Mol Brain Res. 2005;
135(1–2):194–203. https://doi.org/10.1016/j.molbrainres.2004.12.011.

32. Sumner BE, Grant KE, Rosie R, Hegele-Hartung C, Fritzemeier KH, Fink G.
Raloxifene blocks estradiol induction of the serotonin transporter and 5-
hydroxytryptamine2A receptor in female rat brain. Neurosci Lett. 2007;
417(1):95–9. https://doi.org/10.1016/j.neulet.2007.02.039.

33. De Nayer A, Geerts S, Ruelens L, Schittecatte M, De Bleeker E, Van
Eeckhoutte I, et al. Venlafaxine compared with fluoxetine in outpatients
with depression and concomitant anxiety. Int J Neuropsychopharmacol.
2002;5(2):115–20. https://doi.org/10.1017/S1461145702002857.

34. Feighner JP. Mechanism of action of antidepressant medications. J Clin
Psychiatr. 1999;60(Suppl 4):4–11 discussion 12-13.

35. Davidson JR, Meoni P, Haudiquet V, Cantillon M, Hackett D. Achieving
remission with venlafaxine and fluoxetine in major depression: its
relationship to anxiety symptoms. Depression Anxiety. 2002;16(1):4–13.
https://doi.org/10.1002/da.10045.

Zhou et al. BMC Psychiatry          (2021) 21:260 Page 9 of 10

https://doi.org/10.1017/S0033291712001511
https://doi.org/10.3109/13697137.2010.510912
https://doi.org/10.1016/j.jad.2014.12.061
https://doi.org/10.1097/JCP.0b013e3181c82717
https://doi.org/10.1097/JCP.0b013e3181c82717
https://doi.org/10.1016/j.jad.2006.02.010
https://doi.org/10.1097/JCP.0b013e3181dcb594
https://doi.org/10.1097/JCP.0b013e3181dcb594
https://doi.org/10.1176/appi.psy.46.4.345
https://doi.org/10.1176/appi.psy.46.4.345
https://doi.org/10.1080/14656566.2018.1491966
https://doi.org/10.3389/fgene.2019.00898
https://doi.org/10.1001/archpsyc.1988.01800320058007
https://doi.org/10.1001/archpsyc.1988.01800320058007
https://doi.org/10.1016/0278-5846(95)00292-8
https://doi.org/10.1016/0278-5846(95)00292-8
https://doi.org/10.1016/S0924-977X(01)00089-X
https://doi.org/10.1016/S0924-977X(01)00089-X
https://doi.org/10.1176/appi.ajp.157.9.1445
https://doi.org/10.1007/s00404-015-3900-1
https://doi.org/10.1007/s00404-015-3900-1
https://doi.org/10.1016/0014-2999(85)90684-3
https://doi.org/10.1016/0024-3205(95)00209-O
https://doi.org/10.1016/0024-3205(95)00209-O
https://doi.org/10.1097/00019442-200502000-00008
https://doi.org/10.1097/00019442-200502000-00008
https://doi.org/10.4088/JCP.v66n0617
https://doi.org/10.1097/00019442-199721520-00002
https://doi.org/10.1097/00019442-199721520-00002
https://doi.org/10.1038/sj.npp.1300510
https://doi.org/10.1016/S0024-3205(98)00255-0
https://doi.org/10.1016/j.biopsych.2005.01.014
https://doi.org/10.1016/j.biopsych.2005.01.014
https://doi.org/10.1016/j.molbrainres.2004.12.011
https://doi.org/10.1016/j.neulet.2007.02.039
https://doi.org/10.1017/S1461145702002857
https://doi.org/10.1002/da.10045


36. Bener A, Rizk DE, Shaheen H, Micallef R, Osman N, Dunn EV. Measurement-
specific quality-of-life satisfaction during the menopause in an Arabian gulf
country. Climacteric. 2000;3(1):43–9. https://doi.org/10.3109/136971300091
67598.

37. Whelan TJ, Goss PE, Ingle JN, Pater JL, Tu D, Pritchard K, et al. Assessment of
quality of life in MA.17: a randomized, placebo-controlled trial of letrozole
after 5 years of tamoxifen in postmenopausal women. J Clin Oncol. 2005;
23(28):6931–40. https://doi.org/10.1200/JCO.2005.11.181.

38. Lutwak N, Dill C. A depressed post-menopausal woman. J Emergency Med.
2012;43(5):815–9. https://doi.org/10.1016/j.jemermed.2011.05.040.

39. Schuch JJ, Roest AM, Nolen WA, Penninx BW, de Jonge P. Gender
differences in major depressive disorder: results from the Netherlands study
of depression and anxiety. J Affect Disord. 2014;156:156–63. https://doi.
org/10.1016/j.jad.2013.12.011.

40. Kim JH, Cho MJ, Hong JP, Bae JN, Cho SJ, Hahm BJ, et al. Gender
differences in depressive symptom profile: Results from Nationwide general
population surveys in Korea. J Korean Med Sci. 2015;30(11):1659–66. https://
doi.org/10.3346/jkms.2015.30.11.1659.

41. Kornstein SG, Young EA, Harvey AT, Wisniewski SR, Barkin JL, Thase ME, et al.
The influence of menopause status and postmenopausal use of hormone
therapy on presentation of major depression in women. Menopause (New
York, NY). 2010;17(4):828–39.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Zhou et al. BMC Psychiatry          (2021) 21:260 Page 10 of 10

https://doi.org/10.3109/13697130009167598
https://doi.org/10.3109/13697130009167598
https://doi.org/10.1200/JCO.2005.11.181
https://doi.org/10.1016/j.jemermed.2011.05.040
https://doi.org/10.1016/j.jad.2013.12.011
https://doi.org/10.1016/j.jad.2013.12.011
https://doi.org/10.3346/jkms.2015.30.11.1659
https://doi.org/10.3346/jkms.2015.30.11.1659

	Abstract
	Background
	Methods
	Results
	Conclusion
	Trial registration

	Background
	Methods
	Study design
	Participants
	Randomization and blinding
	Treatment
	Endpoints
	Statistical analysis

	Results
	Patients
	Efficacy
	FAS
	Pp

	Secondary endpoints
	Safety and tolerability

	Discussion
	Principal findings
	Results
	Clinical implications
	Strengths and limitations

	Conclusions
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

