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Abstract OBJECTIVES: A hypo-estrogenic status, as that occurring with menopause, has 
been proposed to negatively affect cognitive function in post-menopause women. 
Nevertheless, little is known about the improvement of cognitive functions dur-
ing antidepressant treatment in post-menopausal women with major depressive 
disorder (MDD) and its relation with hormonal changes. Hence, this study aimed 
to investigate the role of menopausal status including the level of sex hormones on 
cognitive function during antidepressant treatment. 
DESIGN AND SETTINGS: Thirty-nine female patients (n=17 in pre-menopause; 
n=22 in post-menopause) with MDD based on DSM-IV criteria and who were 
not on hormonal replacement therapies participated in a prospective, 6-week, 
open-label naturalistic study. All patients were recruited in a university-based 
hospital. The Hamilton rating scale for Depression (HAMD),  Montgomery-Ås-
berg Depression Rating Scale (MADRS) and the Cognitive Failure Questionnaire 
(CFQ) were administered at baseline, week 1, week 3, and week 6. Levels of follicle 
stimulating hormone (FSH), luteinizing hormone (LH) and estradiol (E2) were 
collected at baseline visit. 
RESULTS: Cognitive functioning improved during antidepressant treatment 
in the overall sample (p=0.00001). In post-menopausal women, E2 levels were 
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Abbreviations: 

ANCOVA – analysis of covariance
CFQ – Cognitive Failure Questionnaire
CGI-S – Clinical global impression – Severity scale 
DSM-IV  –  Diagnostic and Statistical Manual of Mental Disorders 

– 4th edition
E2 – estradiol
ERT –  estrogen replacement therapy
HAMD –   follicle stimulating hormone, FSH: Hamilton rating scale 

for Depression
LH –  luteinizing hormone
MADRS –  Montgomery-Åsberg Depression Rating Scale
MDD –  major depressive disorder
OTC –  Over-the-Counter
SSRIs – selective serotonin reuptake inhibitors

1. IntRoDUCtIon

Post-menopause is a critical period, in which neu-
rotransmitters, neuropeptides and neurosteroids under-
go important changes as a consequence of the gonadal 
hormone production reduction (Genazzani et al. 2005). 
In this period, the occurrence or recurrence of depres-
sion is high (Freeman et al., 2004; Harlow et al., 2003; 
McKinlay et al., 1992) and it has been suggested that 
hormonal changes are responsible for affective instabil-
ity and depressive symptoms (Hay et al., 1994; McKin-
lay et al., 1992). Furthermore, menopause is associated 
with a deterioration in many central nervous system’s 
activities, particularly those associated with hippocam-
pal functions such as memory, attention, cognition and 
autonomic control (Badgio and Worden 2007). This 
cognitive impairment may be triggered by a reduction 
of the level of estrogens along with other aging-related 
processes. Indeed, over the past two decades, the results 

of preclinical and clinical researches have implicated a 
role of estrogens on modulating cognitive function. Es-
trogens affects the structure and function of areas of the 
brain important for learning and memory, particularly 
by modulating the structure and function of the hippo-
campus (see (Daniel 2006) for a review). 

It has been suggested that a chronic hypo-estrogenic 
state, like that occurring with menopause, may reduce 
the response to antidepressants such as selective sero-
tonin reuptake inhibitors (SSRIs) (Pinto-Meza et al., 
2006; Spinelli, 2005; Thase et al., 2005; Zanardi et al., 
2007). 

Furthermore, depressive symptoms largely impact 
on cognitive functioning of patients with mood dis-
order (for a recent review see (Porter et al. 2007), but 
improvement can be observed in many cases with an-
tidepressant treatment (Gualtieri and Johnson, 2007; 
Mandelli et al., 2006; Paleacu et al., 2007; Raskin et al., 
2007; Wroolie et al., 2006). In post-menopausal women, 
antidepressant treatment has been reported to amelio-
rate the performance in cognitive tasks (Wroolie et al., 
2006) and estrogen replacement therapy (ERT) has 
been associated with a better improvement in cogni-
tive performances in depressed (Schneider et al. 2001) 
and non-depressed menopausal women (Carlson et al., 
2001; Miller et al., 2002). Nevertheless, little is known 
about the improvement of cognitive functions during 
antidepressant treatment in post-menopausal women 
with major depressive disorder (MDD) and its relation 
with hormonal changes.

Hence, this study aimed to investigate the role of 
menopausal status including the level of sex hormones 
on cognitive function during antidepressant treatment 
in pre-menopause women with MDD versus post-
menopause women with MDD. We hypothesized a 
poorer cognitive function in post-menopause women 
with MDD, as compared to pre-menopause women 
with MDD, and correlated with a reduction of estrogen 
level. Furthermore, we also hypothesized a poor im-
provement in cognitive function during antidepressant 
treatment in post-menopausal women with MDD. 

2. SUBJeCtS AnD MetHoDS
Design
A prospective, 6-week, open-label naturalistic study for 
comparison of cognitive function in relation with differ-
ential effects of sex hormones in pre-menopausal with 
MDD versus post-menopausal women with MDD.

Subjects
The subjects consisted of 39 Korean female patients 
who were diagnosed for MDD, according to the Diag-
nostic and Statistical Manual of Mental Disorders-4th 
edition (DSM-IV) criteria (American Psychiatric As-
sociation 1994). All patients were recruited based on 
advertisement at Depression Clinical Research Unit of 

strongly correlated with CFQ scores at each measure-
ment. After controlling for depression severity, E2 levels 
maintained a significant association with the baseline 
CFQ scores (regression analysis: β=–0.55 p=0.010; cor-
relation: R=–0.54). In addition, the reduction of CFQ 
scores during antidepressant treatment was significantly 
associated with E2 levels (p=0.021), independently 
from the improvement of depressive symptoms, which 
however had a strong effect (p=0.0003). Nevertheless, 
we failed to find any association of CFQ score with sex 
hormones in pre-menopausal women. 
MAIN FINDINGS: In post-menopausal women, the CFQ 
scores were correlated with E2 levels and the reduction 
of CFQ score during antidepressant treatment was also 
dependent on E2 levels, even controlling for depressive 
symptoms severity. 
CONCLUSION: The present study further supports a 
crucial role of E2 on the cognitive function in post-
menopause women. Moreover, our results suggest that 
E2 may influence the improvement of cognitive func-
tion in post-menopause women with MDD, during 
treatment with antidepressants.
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Kangnam St. Mary’s hospital, which is a teaching hospi-
tal located in Seoul, South Korea. Post-menopause was 
defined as: amenorrhoea for more than twelve months 
(McKinlay et al. 1992), while pre-menopausal women 
were defined by the absence of significant vasomotor 
symptoms or menstrual irregularity; if irregular cycles 
were reported, we included women younger than 37 
(McKinlay et al. 1992). Exclusion criteria were: serious 
suicidal risk, pregnancy, lactation, recent participation 
in another study in the previous 30 days, psychothera-
py initiated in the last 6 months, substance use disor-
der in the last 6 months, any other current occurrence 
or past history of AXIS I disorders other than MDD 
such as psychotic disorders and bipolar disorders, Axis 
II disorders, significant medical conditions (e.g., ma-
lignancy),  hysterectomy, or oophorectomy. The study 
was strictly reviewed and approved by the Institutional 
Review Boards at the Kangnam St. Mary’s Hospital and 
all subjects provided a written informed consent prior 
to participating in the study after being explained all 
study procedures.

Psychiatric diagnosis 
The AXIS I diagnosis was evaluated by the con-
sensus between the two board-certified psychia-
trists upon the study entry, according to the DSM-
IV criteria, using the Structured Clinical Interview for 
DSM-IV Axis I disorders-Clinician Version (First et al. 
1995). 

Medications
Currently available antidepressants (e.g., selective sero-
tonin reuptake inhibitors; serotonin and norepinephrine 
reuptake inhibitors; noradrenergic and specific sero-
tonin antidepressant and tricyclic antidepressant, etc) 
were recommended to be dosed using a flexible titra-
tion strategy within approved dosage guidelines based 
on each manufacturer’s package inserts, with consider-
ation of individuals’ clinical response and tolerability. 
No other psychotropic medications were permitted dur-
ing the study with the exception of hypnotics for insom-
nia and benzodiazepines for anxiety. Over-the-Counter 
(OTC) medications were only allowed as needed base, 
e.g., acetaminophen, etc. Since different antidepressant 
drugs require different dosages, we uniformed doses 
according to the Antidepressant Treatment History 
Form (Sackeim et al. 1990) and we calculated for each 
woman the citalopram equivalent dose received during 
the six-weeks of follow-up.

Assessments
At baseline, all patients were evaluated for depressive 
symptoms by the Montgomery-Åsberg Depression Rat-
ing Scale (MADRS) (Montgomery and Asberg 1979), 
the Hamilton rating scale for Depression (HAMD) 
(Hamilton 1960) and the Clinical global impression, Se-
verity scale (CGI-S) (Guy 1976) and for cognitive func-
tion by the Cognitive Failures Questionnaire (CFQ), 

the subjective test designed to investigate “failures of 
perception, memory and motor function” (Broadbent 
et al. 1982). The CFQ consists of 25 questions regarding 
common lapses of cognitive functions including mem-
ory, perception and attention. Each question is scored 0 
to 4 depending on frequency of occurrence, as rated by 
the subject. High scores relate to increasing frequency 
of cognitive lapses. All women were prospectively fol-
lowed for six weeks during antidepressant treatment 
and evaluated by the MADRS, the HAMD, the CGI-
S, the Clinical global impression, Improvement scale 
(CGI-I) and the CFQ at week 1, 3 and 6. 

Non-fasting blood samples for hormone assays were 
collected at the intake. Levels of Follicle stimulating hor-
mone (FSH), Luteinizing hormone (LH) and Estradiol 
(E2) were tested. Assays of hormonal levels were con-
ducted by immunoradiometric method using commer-
cially available kits (FSH, BioSourceFSH-IRMA Kit; 
LH, Biosourse LHsp-IRMA Kit; E2, Biosourse E2-RIA-
CT Kit, Biosourse Europe S.A. Nivelles, Belgium).  

Statistical analysis
Clinical and demographic features in pre-menopausal 
and post-menopausal women were analyzed by the 
Chi-square test, the Student-T test and the correla-
tion analysis. To control for potential confounders we 
employed the one-way or repeated measures Analysis 
of covariance (ANCOVA) and the multivariate regres-
sion analysis. To test the effect of each variable con-
sidered on CFQ scores, we employed the ANCOVA. 
Cognitive function measured by CFQ scores and its 
change during antidepressant treatment were analyzed 
by the one-way/repeated measures ANCOVA, includ-
ing depressive severity or the rate of improvement 
from the baseline. The association between change in 
CFQ scores during antidepressant treatment, meno-
pausal status and hormonal levels, was analyzed by the 
ANCOVA for repeated measures, including the rate of 
improvement in depressive severity. 

With a standard level of significance (α=0.05), in 
our sample we had a post-hoc sufficient power (0.80) to 
detect only large effect sizes (d=0.82), corresponding to 
a difference between pre-menopausal and post-meno-
pausal women of 15.2 points on CFQ scores (explained 
variance: 14.4%). 

3. ReSULtS
Demographics and clinical parameters
Post-menopausal women were not different from pre-
menopausal women for age at menarche, marital status, 
history of spontaneous/induced abortions, age at first 
partum, medical conditions, family history for psychi-
atric diseases, number of previous depressive episodes, 
and mean antidepressant dose received during the six-
weeks of follow-up. Pre-menopausal women were in-
stead more likely not to have had children (Chi-sq=9.7 
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p=0.002), but this was probably due to their younger 
age. 

Post-menopausal women were significantly older at 
their first illness episode (54.7±10.1 years vs. 34.2±7.0 
years in pre-menopausal women); anyway, age at onset 
was not correlated with cognitive impairment at any 
stage of the follow-up (data not shown, all p values 
higher than 0.05). The overall mean dosage received 
during the six weeks of follow-up was not significantly 
different between pre-menopausal and post-menopaus-
al women (32.0±4.8 mg/d and 37.0±10.6 mg/d citalo-
pram equivalents, respectively). 

Post-menopausal women were not different for 
baseline depressive scores, but they showed a poor re-
sponse to antidepressant treatment, as compared with 
pre-menopausal women. As expected, post-menopaus-
al women were markedly different for levels of FSH, LH 
and E2, with increased levels of FSH and LH and de-
creased levels of E2 in post-menopausal women (Table 
1). 

Cognitive function
The CFQ scores at each visit in pre- and post-meno-
pausal women are presented in Table 1. In the whole 
sample, the baseline CFQ score was not associated with 
age, age at onset, depressive severity and antidepressant 
drug administered (all p values >0.05). The change in 
CFQ scores during treatment was significant (ANOVA 
for repeated measures: F=9.73 d.f.=3,108 p=0.00001), 
but a significant effect was exerted also by the rate of 
improvement in depressive severity (% from baseline) 
(ANCOVA for repeated measures: MADRS: F=3.70 
p=0.014; CGI-S: F=2.98 p=0.035). Drug administered, 
as well as other variables, did not affect the improve-
ment of cognitive performances during treatment (all p 
values >0.05).

Cognitive function and menopausal status
Controlling for age, age at onset and depressive se-
verity, baseline CFQ scores were not associated with 
menopausal status (ANCOVA: p=0.90). In both pre- 
and post-menopausal women, baseline CFQ scores 
were not associated with any demographic and clinical 
variables. The course of CFQ scores was not associated 
with menopausal status (repeated measures ANCOVA: 
p=0.67), even after controlling for improvement in de-
pressive scores during time (repeated measures ANCO-
VA: p=0.11). 

Cognitive function and sex hormones
In post-menopausal women, E2 levels were strongly 
correlated with CFQ scores at each measurement (Table 
2). Controlling for severity of depressive symptoms, 
E2 levels maintained a significant association with the 
baseline CFQ scores in post-menopausal women (re-
gression analysis: R=–0.54; effect of E2 controlling for 
MADRS scores β=–0.55 p=0.010; effect of E2 control-
ling for HAMD scores β=–0.53 p=0.015; effect of E2 
controlling for CGI-S scores β=–0.49 p=0.028). In ad-
dition, the decline of CFQ scores during antidepressant 
treatment was significantly associated with E2 levels, 
also controlling for improvement of depressive sever-
ity (Table 3). However, we failed to find any association 
of CFQ score with sex hormones in pre-menopausal 
women.

4. DISCUSSIon

To our knowledge, this is the first study to investigate 
a role of menopausal status including the level of sex 
hormones on cognitive function during antidepressant 
treatment in pre-menopausal women with MDD ver-
sus post-menopausal women with MDD. In the pres-
ent study, we hypothesized a poor cognitive function 

Table 1. Hormonal levels and Cognitive Failure Questionnaire (CFQ) scores in pre- and post-menopausal women with MDD

Pre-menopausal 
women
(n=17)

Post-menopausal 
women 
(n=22)

Statistics

CFQ score

Baseline 34.1(±16.6) 30.5(±20.5) F=0.05 P=0.82

Week1 29.9(±13.1) 30.5(±14.6) F=0.06 P=0.81

Week3 28.2(±14.9) 24.2(±17.2) F=0.47 P=0.50

Week6 23.6(±17.4) 22.6(±16.6) F=0.16 P=0.69

Sex hormones

FSH (IU/L) 4.6(±2.2) 62.6(±27.8) T=8.6 P<0.0001

LH (IU/L) 4.9(±3.2) 16.7(±8.4) T=5.5 P<0.0001

E2 (pg/mL) 153.6(±108.0) 40.4(±25.5) T=-4.8 P<0.0001
Data represent mean ± SD. FSH, Follicle Stimulating Hormone; LH, Luteinizing Hormone; E2, estradiol; MDD, major 
depressive disorder.
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in post-menopausal women with MDD, as compared 
with pre-menopausal women with MDD, because of 
the known effect of E2 levels on mood symptoms; fur-
thermore, we theorized a slower improvement during 
antidepressant treatment in post-menopausal women 
with MDD. However, we failed to prove our hypothe-
ses: first, the cognitive function measured by CFQ score 
was not different in pre- and post-menopausal women; 
second, the improvement of cognitive functions was not 
influenced by the menopausal status and, furthermore, 
antidepressant drugs did not have differential effects.

Nonetheless, we found eminently intriguing results 
in relation to E2 level and cognitive function in post-
menopausal women with MDD. In post-menopausal 
women, the CFQ scores were correlated with E2 lev-
els and the reduction of CFQ score during antidepres-
sant treatment was also dependent on E2 levels, even 
controlling for depressive symptoms severity. This is in 
line with previous evidence of a significant role of E2 
on cognitive functions. Indeed, E2 has been known to 
interact with brain functioning (Genazzani et al., 1997; 
Joffe and Cohen, 1998; Maggi and Perez, 1985; Silva et 
al., 2001; Thakur and Sharma, 2006) and to favor cog-
nitive performance in post-menopausal women (Costa 
et al., 1999; Dumas et al., 2006; Joffe et al., 2006; Sal-
etu, 2003; Sherwin, 1994; Smith et al., 1999; Smith et 
al., 2001), although controversial data also exist (Al-
meida et al., 2005; Owens et al., 2002; Polo-Kantola et 
al., 1998; Thal et al., 2003). Recently, estrogen therapy 
has demonstrated its effect on activation of prefrontal 
cortex (Joffe et al., 2006) and findings from the exist-

ing literature also lend a support for a principal role of 
estrogens in aging men, just as in women (see (Sher-
win 2003) for a review). Therefore, our results further 
support a significant impact of E2 on the improvement 
of cognitive function measured by CFQ score in post-
menopausal women with MDD. 

On the whole, in our subjects, cognitive function 
did significantly improve with antidepressant treat-
ment. This is in line with previous works reporting im-
provement in cognitive function with treatment (Gual-
tieri and Johnson, 2007; Mandelli et al., 2006; Paleacu et 
al., 2007; Raskin et al., 2007; Wroolie et al., 2006). In a 
previous work, depressed patients who were improved 
with antidepressant treatment were found to perform 
better in cognitive tests than subjects who were not im-
proved (Mandelli et al. 2006); accordingly, in this sam-
ple also the decline of cognitive impairment was depen-
dent from that of depressive severity. 

On the other hand, we could not detect an effect of 
menopausal status and old age on performances at the 
CFQ. The CFQ provide a self-evaluation of cognitive 
deficits and not much is known about the performance 
at the CFQ in clinical populations to use it as a measure 
of change (Wagle et al. 1999). The CFQ was original-
ly devised to measure perception, memory, and motor 
lapses in daily life. In depressed subjects, a high inci-
dence of cognitive failures has been reported (Farrin et 
al. 2003) and it has been found to correlate with cur-
rent mood state in a study (van den Bosch et al. 1993), 
but not in others (Burdick et al., 2005; MacQueen et al., 
2002). Age and meta-memory abilities can influence 

Table 2. Correlation (R) between hormonal levels and cognitive failure at baseline, week 1, week 3 and week 6

Pre-menopausal women
(n=17)

Post-menopausal women
(n=22)

FSH LH E2 FSH LH E2

CFQ scores

Baseline R=0.06 R=–0.02 R=0.06 R=0.34 R=–0.01 R=–0.54

Week1 R=–0.09 R=0.02 R=0.14 R=0.44 R=0.12 R=–0.48

Week3 R=0.34 R=0.19 R=0.06 R=0.31 R=0.03 R=–0.43

Week6 R=0.01 R=–0.21 R=0.11 R=0.36 R=0.05 R=–0.45
Abreviations: FSH, Follicle Stimulating Hormone; LH, Luteinizing Hormone; E2, estradiol; CFQ, Cognitive Failure Questionnaire. 
Bold characters stand for significant correlations (at the significance level of 0.05).

Table 3. Effect of E2 levels and depression on the reduction of cognitive failure scores (CFQ) in post-menopausal women* 

Statistics

F P

Effect of Time 1.26 0.30

Time x improvement in MADRS scores 7.46 0.0003

Time x E2 level 3.51 0.021
Abbreviations: E2, estradiol; MADRS, Montgomery-Åsberg Depression Rating Scale; CFQ, Cognitive Failures Questionnaire. 
*Analyzed by the ANCOVA for repeated measures
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the performance in self-administered test on cognitive 
function (Reese and Cherry 2006). However, the CFQ 
has been reported to be scarcely influenced by age and, 
furthermore, performance at the test has been report-
ed counter-intuitively better in old people as compared 
with younger (Rabbitt and Abson 1990). Accordingly, 
though not significantly, CFQ performance was slightly 
worse in pre-menopausal women at the baseline, while 
no difference was observed at the end of treatment. De-
pressive severity may also account for the slight differ-
ence, but our pre- and post-menopausal women were 
not different for baseline severity and it influenced nei-
ther the slight baseline divergence nor the improvement 
of CFQ scores during treatment in the two groups. 
Moreover, in order to minimize the problem of com-
paring young and old people, characterized by different 
cultural and physiological conditions, we controlled the 
effect of age on CFQ scores in our sample and we tested 
the potential difference between pre- and post-meno-
pausal women, founding no differences. Finally we an-
alyzed the effect of hormonal levels and CFQ scores 
separately in pre- and post-menopausal women. Nev-
ertheless, more sophisticated tools designed to differ-
entiate subtle changes of cognition function indepen-
dently from age-effect in patients with MDD should be 
employed in the future studies.

Given the slight divergence at baseline in CFQ per-
formance, while no difference at the end of treatment, 
the absolute improvement co-occurring with recovery 
from depression is greater in pre- than in post-meno-
pausal women. We may thus hypothesize that reduced 
E2 levels may delay improvement of cognitive func-
tions. However, this observation is purely speculative 
and must be taken with cautiousness.

Some other important limitations underlie in the 
present study. First, the small sample size strongly re-
duced the statistical power of our analyses and we were 
able to significantly detect only large effects exerted by 
clinical and hormonal indicators. Furthermore, to im-
prove the possibility to detect differences, and given the 
preliminary nature of our analyses, we did not apply 
a Bonferroni correction, but this could have lead to 
false positives. However, we employed two tail analy-
ses though in presence of a specific one tail hypothe-
sis, this should be considered a conservative approach. 
Since there is a paucity of data in this field, specifical-
ly comparing the cognitive function in pre- and post-
menopausal women suffering MDD, with or without 
adjunctive hormonal therapies, during antidepressant 
treatment, further research on bigger samples is thus 
needed. Second, our pre- and post-menopausal women 
had some specific characteristics, which can limit the 
generalization of result. Our post-menopausal sample 
was characterized by old age at onset, with a median of 
54 and a mode of 58. Even if the old age of these women 
may have impaired the assessment of previous episodes 
occurred in young age, the sample is characterized by a 
late-onset depressive disorder and it is possible that the 

majority of post-menopausal women in our sample did 
not experience depressive episodes before menopause. 
Anyway, age at onset did not affect neither depression 
severity nor cognitive function. Furthermore, our pre-
menopausal women had a high rate of subjects at their 
first depressive episode (approximately 50%). Thus, the 
specific composition of our pre- and post-menopaus-
al subjects limits the representativeness and result may 
not be applicable for earlier onset or recurrent post-
menopausal women with MDD. Pre- and post-meno-
pausal women were not different for the incidence of 
medical conditions, nevertheless we did not take into 
account the severity of medical problems, which may 
have been more severe in the older menopausal group. 
Finally, patients were treated with different antidepres-
sants. However, the type of antidepressant drug was not 
related with the CFQ scores, and the doses, uniformed 
as citalopram equivalents (Sackeim et al. 1990), were 
not different in pre- and post-menopausal women. 

5. ConCLUSIon

The present study further supports a crucial role of E2 
on the cognitive function in post-menopause women 
with MDD, despite of methodological limitations. 
Moreover, our results suggest that E2 may also influ-
ence the improvement of cognitive function in post-
menopause women with MDD, during treatment with 
antidepressants, maybe delaying the progress co-occur-
ring with depression. However, given the above-men-
tioned weaknesses of both methodology and result, 
subsequent well-designed, lager trials are warranted to 
draw more definite conclusion in the near future. 
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