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Abstract

Background: Anhedonic features within major depressive disorder (MDD) have been associated with worse course and outcome and
may predict nonresponse to treatment. However, a detailed clinical profile of anhedonia in MDD is still lacking.

Materials and Methods: One thousand two hundred ninety-four patients with MDD were selected from the cross-sectional European
multicenter Group for the Study of Resistant Depression study. Anhedonia was assessed through the Montgomery-Asberg Depression
Rating Scale anhedonia item “inability to feel.” Clinical and demographic features were then analyzed.

Results: The presence of anhedonia related to a distinct demographical (living alone) and clinical profile (thyroid diseases,
diabetes, suicide risk, high number of previous depressive episodes, more severe MDD, and more frequent inpatient status).
Furthermore, anhedonia was associated with nonresponse to treatment and treatment resistance, even after adjusting for con-
founding variables.

Conclusions: Our findings support the role of anhedonia as a modulating feature of MDD, being associated with a more severe
depression profile. Moreover, anhedonic features are independent predictors of poor treatment response.

Keywords: anhedonia, antidepressants, major depression, treatment-resistant depression (TRD), treatment outcomes.

Significant Statement

We analyzed the clinical profile of anhedonia in patients with major depression disorder and observed that it was related to a
distinct demographic and clinical profile, and it was associated with nonresponse to treatment and treatment resistance. We con-
cluded that anhedonia is correlated with a more severe depression profile.

INTRODUCTION

The Diagnostic and Statistical Manual of Mental Disorders 5th considered a depressive symptom, at present, anhedonia is
edition, text revision, defines anhedonia as a “marked diminished defined as an independent and trans-diagnostic construct.? Its
interest or pleasure in all, or almost all, activities.”* Originally conceptualization has been expanded, linking anhedonia to
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reward processing deficits encompassing, among others, inter-
est, reward anticipation, and pleasure.*® Despite being a trans-
diagnostic construct, anhedonia is a core feature of major
depressive disorder (MDD), whereby up to 70% of individuals with
depression may experience it.®

From a clinical point of view, depressive episodes with prom-
inent anhedonic features may show peculiarities compared to
those without such features. More specifically, patients with MDD
and anhedonia may be more likely to present social withdrawal,
mood reactivity, rumination on the past, diurnal mood variation,
and loss of appetite.” In addition, the presence of anhedonia dur-
ing a depressive episode has been linked to lower positive affect,
melancholic features, and more severe psychomotor retarda-
tion.®? In light of this evidence, it would be inappropriate to con-
sider anhedonia as a simple symptom of MDD.

Most importantly, the prognostic value of anhedonia has been
repeatedly investigated. Anhedonia has been suggested to be a
risk factor for suicidality, independent from depression itself.?o-*?
Moreover, the construct has been consistently linked to poor
outcomes of MDD, more severe depressive symptoms, and per-
sistence of psychosocial impairment, despite overall response
to monoamine enhancers (antidepressants).**** Anhedonic
features have been associated with nonresponse to treatment
and non-remission in depressed adults.” In addition, anhedo-
nia has been reported to predict a longer time to remission and
fewer depression-free days among adolescents suffering from
treatment-resistant depression (TRD)."® Among adolescents,
anhedonia was also a predictor of greater severity, higher number
of MDD episodes, longer duration, and suicidality, representing a
key feature of MDD."” Other studies confirmed the strong associa-
tion between anhedonia and TRD, as it was listed among the var-
iables with high discriminatory validity.?® Consistently, in adults
with TRD, the antidepressant action of ketamine was mediated
by the reduction of anhedonic features with an indirect effect of
anhedonia in the relationship between ketamine infusions and
the severity of depression,”” and anhedonia may predict, along
with bipolarity, response to intranasal esketamine.?

However, further research on the topic is needed, as a study”
suggests that the impact of anhedonia on treatment outcomes
might not be independent of other variables, such as depressed
mood. Moreover, it is still not clear whether sex and age might lead
to any difference in terms of anhedonic features among patients
with MDD. Although a study reported a higher prevalence of social
anhedonia among men from the general population,”” depressed
females might show higher rates of anhedonia compared to their
male counterparts.”® Imaging studies indicate that depressed
females might show a distinct profile of aberrant activity in
anhedonia-related brain areas (ie, insula, putamen, hippocam-
pus), which in turn could relate to the severity of anhedonia.?
Regarding age, a study® reported an association between older age
and anhedonia in a sample of depressed individuals. Hence, fur-
ther research is needed to clarify the impact of anhedonia in MDD.

In this study, we investigated the demographic and clinical fea-
tures associated with anhedonia in patients with MDD, testing
also treatment response and possible sex and age differences.

METHODS

Patients included in the present research were selected from
the cross-sectional European multicenter Group for the Study
of Resistant Depression study. As detailed elsewhere, % adults
with current MDD, diagnosed according to DSM IV-TR criteria,
were enrolled; participants were naturalistically treated with at

least one antidepressant drug at a sufficient dose for at least 4
weeks. Demographic and clinical data were collected as previ-
ously reported.”®” The Montgomery-Asberg Depression Rating
Scale (MADRS)? was administered at inclusion and to assess ret-
rospectively symptoms at the beginning of the current episode
(considering patients’ interview and medical records).

Patients were classified as responders if a reduction in total
MADRS score >50% from baseline was obtained after >4 weeks
of treatment; otherwise, they were considered as nonrespond-
ers. In case of insufficient response after 2 or more monoamine
enhancer trials, patients were defined as TRD. Considering that
both nonresponders and TRD represent a challenge in routine
clinical practice, in the present study, they were analyzed together
as one group.

The retrospective MADRS item 8 was used to categorize
patients into nonanhedonic (nA_MDD) and anhedonic MDD (A_
MDD), using a cutoff score of <3 to identify the first group and
>3 for the second one??* Specific anhedonia measurements
were not available in our sample; however, MADRS has previ-
ously been widely used to assess anhedonia. In particular, prior
studies®**? used the MADRS anhedonia factor score, computed
by combining the 2 MADRS items addressing sadness (1: appar-
ent sadness; 2: reported sadness) with the 3 items addressing
detachment (6: concentration difficulties; 7: lassitude; 8: inability
to feel). However, the literature is not uniform on this definition,
also because the pooling of 5 sadness and detachment items cov-
ers a much broader depression domain. Moreover, a comparison
with the Snaith-Hamilton pleasure scale, specific for anhedonia,
showed that the anhedonia score mainly correlates with item 8
in depressed subjects.*® Other MADRS items showed a correlation
ranging from r = 0.01 to r = 0.49, while item 8 showed a correla-
tion of r = 0.53, interestingly, items 6 (concentration difficulties)
and 7 (lassitude), included in the anhedonia factors used in the
abovementioned papers, showed relatively low correlations of
r=0.19 and r = 0.21, respectively, thus suggesting that these are
less valid measures of Snaith-Hamilton pleasure scale measured
anhedonia. In the present study, to strictly adhere as much as
possible to the classical definition of anhedonia, only item 8 (ina-
bility to feel) of the MADRS was therefore considered as a proxy
for anhedonia, similar to previous studies.* Though we are aware
that item 8 partially correlates with the Snaith-Hamilton pleas-
ure scale measure, it may not cover the whole range of interest,
reward anticipation, and pleasure facets of anhedonia.

Concerning medications, scarcely represented drug classes
(administered to less than 5% of the whole sample) were excluded
from the analyses. In the present study, the MADRS retrospective
total score, excluding item 8 “Inability to feel” (MADRS-1Ex8), was
used to assess the severity of depression independent from item 8.

All the Ethical Committees of the participating centers
approved the study protocol. The enrolled subjects signed a writ-
ten informed consent prior to participation.

Statistical Analysis

Demographic and clinical characteristics of nA_MDD and A_MDD
were compared with T-tests and chi-square tests. A univariate
analysis was carried out to test possible associations between
anhedonia and response to treatment (responders vs nonre-
sponders/TRD). Multivariate logistic regression models were then
applied by adjusting for variables associated with anhedonia in
the univariate analyses and categorized into demographic and
systemic conditions. A further multivariate model included over-
all depression severity (MADRS-1Ex8). Given the possible influence
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of age and sex on anhedonia,???® we performed a further analysis
stratifying for sex and age (considering age median value).

The statistical significance level was set at P = .05, uncorrected,
because of the confirmative nature of the analysis, given the pre-
viously reported studies on anhedonia and depression. Data were
analyzed with STATA v.18.3* In our sample, we had a power of
0.8 to detect a small effect size of d = 0.16 with an alpha of 0.05
(2-tailed).

RESULTS

Sample Characteristics

A total of 1294 patients with MDD and complete MADRS assess-
ment were included (mean age 51.6 + 13.9 years; 861 women
[66.6%]), among which 749 (57.9%) patients showed A_MDD.

Table 1. Clinical demographic characteristics of the sample

Comparing nA_MDD and A_MDD, no differences were found
in terms of age (respectively, 51.3 + 14.4 vs 51.9 = 13.6; P = .937)
and sex (374 [68.6%] vs 487 [65.0%] women; P =.175). As shown
in Table 1, patients with A_MDD were more likely to be living
alone (separated, single, or divorced), had more frequent welfare
benefits, and showed more frequent comorbidities with thyroid
diseases and diabetes mellitus. Moreover, A_MDD was associated
with increased suicide risk, a higher number of previous depres-
sive episodes, more severe MDD, and a greater likelihood of inpa-
tient status.

Therapeutic Regimen

Concerning therapy, norepinephrine reuptake inhibitors,
norepinephrine-dopamine reuptake inhibitors, and monoamine
oxidase inhibitors were prescribed to less than 5% of patients

Whole sample (n = 1294) nA_MDD (n=545) A MDD (n=749) OR 95%CI P-value
Thyroid disease (any), yes 181 (13.9) 63 (11.6) 118 (15.7) 1.4 1.03-1.98 .032
Diabetes mellitus, yes 76 (5.9) 21(3.8) 55 (7.3) 1.9 1.18-3.31 .010
Any somatic disease, yes 712 (55.1) 290 (53.2) 422 (56.4) 1.1 091-142 253
Marital status (obs n = 1293)
Married/living with partner 637 (49.3) 288 (52.9) 349 (46.6) 1.2 1.03-1.41 .016
Widowed 65 (5.0) 24 (4.4) 41 (5.5) 1.7 1.03-2.82  .037
Separated 114 (8.8) 45 (8.3) 69 (9.2) 1.5 1.05-2.23  .026
Single 327 (25.3) 129 (23.7) 198 (26.4) 1.5 1.22-1.91 <.001
Divorced 150 (11.6) 58 (10.7) 92 (12.3) 1.6 1.14-2.20 .006
Has children (obs n = 1293) 841 (65) 356 (65.4) 485 (64.7) 09 0.76-122 798
Number of children 1.3+12 13+12 12+12 0.9 0.90-1.08 .836
Living status (obs n = 1293)
Alone 384 (29.7) 146 (26.8) 238 (31.8) 1.6 1.32-2.00 <.001
At home with spouse/partner/children 790 (61.1) 354 (65.1) 436 (58.2) 1.2 1.07-1.41 .004
At parents or children’s home 78 (6) 32 (5.9) 46 (6.1) 14 091-2.25 115
At nursing home 2(0.2) / 2(0.3) /o /
With someone else (roommate/cousins) 33 (2.5 10 (1.8) 23 (3.1) 2.3 1.09-4.83 .028
With others 6(0.5 2(0.4) 4(0.5) 2.0 0.36-10.91 .423
Working status (obs n = 1288)
Unemployed/on social benefits 326 (25.3) 110 (20.3) 216 (28.9) 1.9 1.56-2.47 <.001
Blue-collar worker 94 (7.3) 39 (7.2) 55 (7.4) 14 093-2.12 101
White-collar worker/retired/student 826 (64.1) 372 (68.6) 454 (60.9) 1.2 1.06-1.39  .004
Management position 42 (3.3) 21 (3.9) 21 (2.8) 1.0 0.54-1.83 999
Characteristics of depression
Suicide risk, yes (obs n = 1293) 594 (45.9) 193 (35.4) 401 (53.6) 2.1 1.67-2.64 <.001
Duration of depression, days (obs n = 1213) 219.8 +193.6 214.8 +201.9 223.4+187.5 1.0 0.99-1.00  .467
Previous MDD episodes (obs n = 999) 3525 31+22 3.8+27 1.1 1.05-1.18 <.001
Previous MDD episodes >3 (median value) 579 (57.9) 199 (52.6) 380 (61.2) 1.4 1.09-1.83 .008
Duration since onset, years (obs n = 1213) 14.8+12.9 14.0+13.1 153+129 1.0 0.99-1.01  .084
Psychotic symptoms (obs n = 902) 62 (6.9) 14 (4.1) 48 (8.6) 2.2 1.20-4.10 .010
Panic disorder (obs n = 1294) 115 (8.9) 46 (8.4) 69 (9.2) 1.1 0.74-1.62 630
Generalized anxiety disorder (obs n = 1294) 143 (11.0) 64 (11.7) 79 (10.5) 0.9 0.62-1.25  .498
Number of previous antidepressants (obs n =1293) 1.5+ 1.6 14+16 1.6+16 1.1 0.99-1.13  .085
Inpatient status (obs n = 1285) 422 (32.8) 134 (24.7) 288 (38.7) 1.9 1.50-2.45 <.001
MADR-1EX8 (obs n = 1294) 304 +6.9 26.8 5.7 33.1+6.5 1.2 1.15-1.21 <.001
Nonresponders/TRD (obs n = 1294) 989 (76.4) 388 (71.2) 601 (80.3) 1.6 1.26-2.12 <.001

Abbreviations: A_, anhedonic; CI, confidence intervals; MADR-TEX8, Montgomery—f\sberg Depression Rating Scale-retrospective item 8 excluded; N, number;
nA_MDD, non anhedonic major depressive disorder; obs, number of observations; OR, odd ratio. Data are expressed as number and percentage or mean + standard

deviation.
P-values < .05 are reported in bold.
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and were therefore not considered in further statistical anal-
yses. Serotonin-norepinephrine reuptake inhibitors, tricyclic
antidepressants, noradrenergic and specific serotonergic antide-
pressants, serotonin antagonist and reuptake inhibitors, benzo-
diazepines and antipsychotics were more frequently prescribed
to patients with A_MDD. On the other hand, selective serotonin
reuptake inhibitors (SSRIs) were more frequently prescribed
to nA_MDD patients. Finally, A_ MDD patients were prescribed
higher equivalent doses of monoamine enhancers than nA_ MDD
patients (Supplementary Table S1).

MADRS and Treatment Response Profiles

A_MDD patients presented a higher MADRS-rEx8 than nA_MDD
patients, as expected (Table 1). Out of the 1294 patients, 305
(23.6%) were responders, and 989 (76.4%) were nonresponders/
TRD. Nonresponders/TRD were more frequent among A_MDD
than in nA_MDD (Table 1; Figure 1). The strength of association
was also confirmed across multivariate analyses: (1) Model 1
(adjusted for marital status/living status, working status): odd ratio
(OR) = 1.6; 95% confidence interval (CI) [1.27, 2.15]; P <.001; (2)
Model 2 (adjusted for thyroid disorder and diabetes): OR = 1.7; 95%
CI[1.29,2.17]; P <.001; (3) Model 3 (adjusted for depression severity):
OR = 1.4; 95% CI [1.06, 1.88]; P < .019.

Sex- and Age-Stratified Analysis

This analysis included 861 women and 433 men, with no differ-
ence in mean age (51.5 + 13.9 and 51.8 + 13.9 years, respectively,
P =.78). No significant differences were found comparing the
MADRS-1Ex8 between women (30.2 = 6.9) and men (30.9 £ 6.9;
P =.068). Out of the 861 women, 662 (76.9%) were nonrespond-
ers/TRD, and 487 (56.6%) had A_MDD. An association between A_
MMD and poor treatment response was observed: OR = 1.9; 95%
CI[1.35, 2.56]; P < .001. The association was confirmed also in the
following models of multivariate analyses: (1) Model 1: OR = 1.9;
95% CI [1.35, 2.58]; P-value < 0.001; (2) Model 2: OR = 1.9; 95% CI
[1.39, 2.66]; P-value < 0.001; (3) Model 3: OR = 1.5; 95% CI [1.07,

2.19]; P =.018. Out of the 433 men, 327 (75.5%) were nonrespond-
ers/TRD, and 262 (60.5%) had A_MDD. Among men, A_MDD was
not associated with nonresponders/TRD (OR = 1.3; 95% CI [0.83,
2.03]; P = .241).

In the whole group, the median age was 52, and 431 (50.1%)
women and 208 (48.1%) men were younger than 52 years. As
shown in Figure 1, regardless of age and sex, nonresponders/
TRD were more frequent in A_MDD than nA_MMD. However,
in sex- and age-stratified analyses, a significant association
between anhedonia and poor treatment response was found
only in women aged =52 years (OR =2.3, 95% CI [1.45, 3.58];
P < .001).

DISCUSSION

In this study, more than 57% of patients with MDD reported clin-
ically relevant anhedonia. From a socio-demographic point of
view, anhedonia in our cohort was associated with unemploy-
ment, being separated or divorced, and living alone, which likely
exacerbated feelings of loneliness. In line with these findings, pre-
vious studies reported a strong association between impairment
in work function, unemployment, and anhedonia in MDD.*3
Moreover, recent studies involving nondepressed individuals sug-
gested that anhedonia may lead to poor social engagement and
communication difficulties between partners, reducing relation-
ship quality.®

From a clinical perspective, anhedonia was also associated
with somatic medical conditions, specifically thyroid dysfunc-
tions and diabetes mellitus in our cohort. Although the relation-
ship between MDD and thyroid diseases is well-established,*”3®
the specific relationship between anhedonia and thyroid function
still needs to be clarified, as only one study reported a nonsignif-
icant trend toward higher TSH level in subjects with anhedonia
compared to those without.** More compelling is the emerging
evidence highlighting the impact of insulin resistance, which is
a hallmark of diabetes mellitus type 2, on brain function, par-
ticularly in regions integral to mood regulation and reward pro-
cessing.*#? Insulin resistance has been shown to induce dendritic

|

Figure 1. Percentage of nonresponders/TRD in anhedonic and nonanhedonic MDD, stratified by age and sex. Abbreviations: A_MDD, anhedonic major
depression disorder; nA_MDD, non anhedonic major depression disorder; TRD, treatment-resistant depression; yrs, years.
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atrophy in the hippocampus, a region essential for cognitive and
emotional processing in depression.** Additionally, insulin recep-
tors are abundant in key brain regions involved in emotional reg-
ulation and reward processing, such as the ventral tegmental area
and nucleus accumbens.* Disruptions in insulin signaling within
these regions can lead to significant alterations in dopamine
transmission, directly affecting the experience of pleasure and
motivation.* Recent studies further underscore that individuals
with MDD who exhibit insulin resistance are disproportionately
affected by anhedonia.* Targeting insulin signaling pathways in
the development of novel therapeutic strategies could thus rep-
resent a promising avenue for managing anhedonia, a symptom
notoriously resistant to current treatments.*“® Overall, systemic
medical comorbidities are generally considered detrimental in
MDD.#

In agreement with previous data linking anhedonia to a more
severe MDD course,’** our sample of patients with A_MDD
showed a more severe clinical phenotype, characterized by higher
suicide risk, a high number of previous depressive episodes, and
more frequent inpatient status. Moreover, regardless of depres-
sion severity, an association between nonresponders/TRD and
anhedonia was observed. These data suggest that anhedonia
may be not only a core feature of depression, characterizing a
more severe phenotype, but also a possible independent pre-
dictor of poor response. Targeted treatments could therefore be
particularly important in these patients*#). Consistently, in our
naturalistic study, A_ MDD showed a different treatment profile
compared to nA_MDD, in line with suggestions provided by previ-
ous studies that SSRI may be less effective in A_MDD.® However,
ketamine was still not available at the time of recruitment of this
sample, and it has been suggested to target anhedonia and suici-
dality*; other tailored approaches should be considered, such as
agomelatine, vortioxetine, or bupropion.®

Regarding sex differences, in our cohort, anhedonia was
slightly more common in men (60.5%) than in women (56.6%).
Sex differences in anhedonia prevalence are far from being
clear. Although in the general population anhedonia has been
reported to occur slightly more frequently in men,” among
depressed individuals, anhedonia has been reported as more
frequent in women.? Furthermore, in our study, the association
between anhedonia and poor response was observed in women
only, while it was a nonsignificant trend in men. Interestingly,
when age was considered, the association between anhedonia
and poor response was confirmed only for women aged 52 years
or older; therefore, this combined effect of age and sex could
explain inconsistencies found in previous studies that consid-
ered only sex and not also age-stratified effects. Previous data
on the prevalence of anhedonia during the life span are scarce.
A previous study reported a progressive increase in anhedonia
during adolescence and adulthood, followed by a decrease.?
However, this sample was poorly comparable to our study, as it
was extracted from the general population. Although the higher
prevalence of TRD among middle-aged women has been previ-
ously reported,* the role of anhedonia as a possible predictor of
poor response has not yet been defined in this group of patients.
From a biological point of view, poor response to treatment in
older women with A_MDD may be related to the depletion of
circulating estradiol due to menopause, thus leading to a more
severe and difficult-to-treat depression characterized by anhe-
donia.***? However, the sex differences observed in anhedonia
and TRD likely stem from a more complex interplay of biological,
psychological, and social factors. Biologically, sex hormones like
estrogen and progesterone play crucial roles in mood regulation,

with differences expected to diminish after menopause. However,
the persistence of these differences in women over 52, a predom-
inantly postmenopausal age group, is intriguing and suggests
that other factors might be at play. This could include neuro-
biological differences in brain regions associated with reward
processing or alternative endocrine influences. The unexpected
continuation of sex differences postmenopause highlights the
need for further research into how these factors interact across
the lifespan, particularly in understanding the hormonal and
nonhormonal mechanisms that might drive these differences
in older adults. The findings suggest that sex differences in
anhedonia and TRD could inform more personalized treatment
approaches. For women, especially those postmenopause, clini-
cians might consider the role of hormonal fluctuations and their
impact on mood, potentially incorporating hormone therapy or
targeting specific neurobiological pathways. For men, address-
ing different coping mechanisms or social factors could be key.
Overall, recognizing these sex-specific differences can lead to
more tailored and effective treatment strategies, improving out-
comes for both men and women with TRD.

Some limitations should be mentioned when interpreting our
findings. First, the presence of anhedonia was evaluated with
the MADRS item 8 and not with a questionnaire or scale specifi-
cally developed and validated for the assessment of anhedonia.
However, as detailed in the Methods section, it demonstrated
to be a substantial valid proxy for anhedonia, though not cov-
ering the whole anhedonia domain. In addition, the MADRS to
assess symptoms at baseline was administered retrospectively.
Therefore, we cannot exclude the possibility of recall bias, though
retrospective depression assessment has been demonstrated to
be substantially reliable.®® Although we controlled for possible
confounders, the independence of treatment resistance predic-
tors from other variables is difficult to assess, given that many
clinical features are reciprocally correlated. As an example, anhe-
donia may increase suicidal behaviors'*?; therefore, it may not
be correct to include it into multivariate models. However, multi-
variate models helped to at least partition the variance explained
at a cross-sectional level; furthermore, machine learning analy-
ses may help in controlling reciprocal effects.** Furthermore, our
sample was not specifically recruited for this study, which is a
secondary analysis. The sample was recruited to investigate the
clinical and genetic correlates of TRD, with a numerical balance
of responders, nonresponders, and TRD. The sample is therefore
not representative of the general population of depressed sub-
jects because of an excess of nonresponders and TRD (76.4%).
While this may on one hand reduce the representativeness
of the sample, and on the other hand, it offers more power for
detecting differences across the outcome groups. In the present
study, results were not corrected for multiple comparisons due
to the strong previous evidence of a detrimental effect of anhe-
donia in depression and its outcome, and because of our interest
in investigating the impact of anhedonia on depressive features
and outcomes in a detailed and fine-grained way. However, also
applying a strict Bonferroni correction, the main finding on
treatment outcome remains significant, with the exception of
the model including overall baseline depressive severity. This
is not surprising given the correlation of anhedonia with over-
all depressive severity; however, the nominal significance of the
multivariate model, including baseline depressive severity, may
suggest that anhedonia has a partially independent modulating
effect on treatment outcome. Univariate analyses with clinical
and demographic variables also showed associations with anhe-
donia that are partly due to baseline depressive severity, however,
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as previously mentioned, given the reciprocal correlations with
anhedonia makes it difficult to disentangle unique effects. Finally,
the naturalistic design of our study may have influenced our
findings. Specifically, the lower rate of SSRI prescriptions in anhe-
donic patients likely reflects current prescribing practices,® given
the potential emotional blunting induced by SSRIs and their lim-
ited efficacy on anhedonia.® However, this potential bias might
have reduced the observed association with poor response, not
the opposite.

In conclusion, our findings support the role of anhedonia as a
key modulating feature of MDD, associated with a more severe
depression profile and serving as an independent predictor of
nonresponse/TRD. Future research should explore the mecha-
nisms underlying persistent sex differences in anhedonia and
TRD in postmenopausal women, focusing on hormonal, neuro-
biological, and psychosocial factors. Longitudinal studies exam-
ining these differences across various life stages, particularly
before, during, and after menopause, are needed to provide
deeper insights. Additionally, research into personalized treat-
ment approaches based on sex-specific factors could enhance
therapeutic outcomes for TRD.

Supplementary Material

Supplementary data are available at International Journal of
Neuropsychopharmacology (JNPPY) online.
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