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Aim: Depression and antidepressant drugs may both impact
breast cancer incidence, potentially in opposite directions.
The few epidemiological studies attempting to disentangle
their effects have been inconclusive. We aimed to assess
within the same prospective cohort the association between
depression, antidepressant use, and breast cancer risk,
while controlling for potential confounders.

Methods: The study population included 47,791 women
from the E3N (Etude Epidémiologique Auprés de Femmes
de la Mutuelle Générale de I'Education Nationale) prospec-
tive cohort, born between 1925 and 1950 and followed for
breast cancer incidence from 2005 to 2014. Depression was
defined by a Center for Epidemiologic Studies-Depression
Scale (CES-D) score >17. Exposure to antidepressants was
identified from drug claims data available from 2004
onwards. Hazard ratios (HRs) and 95% confidence intervals
(Cls) for invasive breast cancer were calculated using Cox
proportional hazards models adjusted for breast cancer risk
factors. Antidepressant exposure was time-varying.

Antidepressant drugs are widely prescribed to women for the
treatment of depressive disorders’? and other conditions
such as anxiety disorders or chronic pain.® In the 2010s, 9.4% of
European women reported using antidepressant drugs in the
past year® and 16.5% of US women reported use in the past
month.’

Breast cancer is the most common cancer among women, with
an estimated 2 million new cases worldwide in 2019.° It is also the
leading cause of cancer-related mortality and disability-adjusted life-
years in women.®

Beyond changes in health-related behaviors such as physical
activity or alcohol consumption, both depression and antidepressant
drugs may influence breast cancer risk through several plausible
pathways—for example, involving serotonin transmission or inflam-
matory processes—that could have opposing effects.” '? Investigating
the impact of depression on breast cancer incidence therefore requires

Results: During a mean follow-up of 7.2 years, 1365 breast
cancers occurred. Depression was associated with a higher
incidence of breast cancer (HR, 1.14 [95% CI, 1.01-1.29]),
while exposure to antidepressants was associated with a
lower risk (HR, 0.85 [95% CI, 0.74-0.98]). No association
was observed for treatment durations <6 months (HR, 1.02
[95% CI, 0.79-1.32]), while antidepressant use for at least
24 months was associated with an HR of 0.80 (95% Cl,
0.64-0.99).

Conclusion: These findings from a prospective cohort sug-
gest that depression and antidepressant drugs exert
opposing effects on breast cancer incidence. While these
results require replication in future studies, they could
help promote adherence to antidepressant drugs in
women with depression.
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depression, epidemiology and public health.

http.//onlinelibrary.wiley.com/doi/10.1111/pcn. 13852/full

careful adjustment for the potentially counteracting effects of antide-
pressants, and vice versa.

The most recent meta-analysis of aggregated data from 10 cohort
studies, published in 2020, yielded no significant association between
depression and breast cancer risk,'® while four recent Mendelian ran-
domization studies concluded that genetic liability to depression was
associated with an increased risk of breast cancer.'*!” However,
among epidemiological studies evaluating the association of depres-
sion and/or antidepressant drugs with the risk of breast cancer,'*'8
only six were based on cohort data and assessed their independent
effects. One examined depression while adjusting for antidepressant
use,'” three evaluated antidepressant use while adjusting for
depression,’®?* and two jointly investigated the relationship of
depression and antidepressant drugs with breast cancer risk.>>*
However, of these six studies, three shared a critical limitation: the
incomplete capture of antidepressant exposure, which was assessed
only at baseline or every 2 to 3 years and only considered current
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antidepressant prescriptions.'”*** In another study, the maximum
time elapsed between the initiation of antidepressant use and breast
cancer occurrence was 6 years, a period that may have been too short
to observe an association.”’ Additionally, one study only considered
ever use of tricyclic antidepressants (TCAs),”> which are now rarely
prescribed. None of these studies reported an association between
depression and/or antidepressant use and breast cancer incidence. The
remaining study, which used data from the General Practice Research
Database and identified exposure to antidepressant drugs and depres-
sion diagnoses through general practitioners’ computerized records,
found decreased risks of breast cancer with antidepressant drugs, with
a borderline statistical significance for past use of selective serotonin
reuptake inhibitors (SSRIs; relative risk [RR], 0.81 [95% confidence
interval (CI), 0.67-1.00]) and current use of TCAs (RR, 0.86 [95%
CI, 0.73-1.00]).%'

The limitations of previous epidemiological studies—particu-
larly the inability to simultaneously account for depression and
use of antidepressant drugs, exposure misclassification, insuffi-
cient follow-up durations, and, in case-control studies, differential
recall bias—may have hindered the proper evaluation of the rela-
tionship of breast cancer incidence to depression and antidepres-
sant use. Consequently, determining whether depression and
antidepressant use are associated with breast cancer risk remains a
relevant yet unresolved question. To address this, we investigated
the joint association of depression and antidepressant drugs with
breast cancer incidence within a large prospective cohort of
women. Exposure to antidepressants was identified using drug
claims data, enabling updates of exposure during follow-up and
allowing us to explore potential effects of antidepressants that may
emerge only after extended durations of use. We hypothesized that
antidepressants could mitigate an increased risk of breast cancer
associated with depression.

Methods

The E3N cohort

The E3N (Etude Epidémiologique Auprés de Femmes de la Mutuelle
Générale de ’Education Nationale) study is a prospective cohort initi-
ated in 1990.% Tt includes 98,995 French women born between 1925
and 1950 and insured by a health insurance plan for workers in the
national education system. The participants have been followed since
1990 through biennial self-administered questionnaires about their
health, reproductive factors, and lifestyle. The average response rate
is approximately 80% at each questionnaire. Questionnaire data are
linked to a computerized database containing all outpatient healthcare
claims issued since 1 January 2004 for each E3N participant, includ-
ing drug names as well as the dates they were dispensed.

Participants gave their written informed consent. Patient anonymity
has been preserved, and the E3N study was approved by the French
National Commission for Data Protection and Privacy in conformity
to the provisions of the Declaration of Helsinki. It was registered
at clinicaltrials.gov as NCT03285230 on September 15, 2017.

Exposures
Depression

The Center for Epidemiologic Studies-Depression Scale (CES-D)*
was filled in by women of the E3N cohort in a questionnaire sent in
July 2005 (baseline). It is a 20-item validated instrument with four
graded answers from 0 to 3 for each item, to screen and quantify
depressive symptoms (minimal score = 0; maximal score = 60). If a
woman answered only 16 to 19 CES-D items, her total score was cal-
culated as the mean score per answered item multiplied by 20. The
CES-D score was considered missing for women who answered <16
CES-D items. The presence of depression was defined by a CES-D
score >17.%
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Antidepressant drugs

Exposure to antidepressant drugs was determined by using drug
claims data available from 1 January 2004 onwards. All antidepres-
sant drugs on the French market between 2004 and 2014 were consid-
ered (anatomical therapeutic chemical [ATC] classification: NO6A).
The following main classes were identified: SSRI (ATC: NO6AB),
serotonin and norepinephrine reuptake inhibitor (SNRI; ATC:
NO06AX16, NO6AX17, NO6AX21, N06AX23), TCA (ATC: NO6AA),
and others (ATC: NO6AF05, N06AG02, N06AX01, NO6AX03,
N06AX09, NO6AX11, NO6AX14, NO6AX22). The cumulative dura-
tion of exposure (in months) was calculated as the number of antide-
pressant deliveries, assuming that each delivery was for a 1-month
treatment (which is the standard rule for drug dispensing in France).

Covariates

Covariates included the following breast cancer risk factors: age at
menarche, menopausal status and age at menopause, number of chil-
dren, breastfeeding, lifetime use of menopausal hormone therapy and
lifetime use of oral contraceptives, educational level, family history of
breast cancer, personal history of benign breast disease, recent mam-
mogram, current levels of physical activity, body mass index, alcohol
consumption, and smoking status. Information on these factors was
gathered from the self-administered questionnaires sent between 1990
and 2005, i.e. those available at the start of follow-up of the current
study. Furthermore, information on body mass index, menopausal sta-
tus and age at menopause, personal history of benign breast disease,
and whether a mammogram had been performed during the previous
follow-up cycle, was updated in subsequent questionnaires (2008
and 2011).

Outcome

The considered end point was the diagnosis of a primary invasive
breast cancer, first identified from the self-administered question-
naires, which systematically inquired about any cancer diagnosis
(including date and site), close relative spontaneous reports, and the
national cause of death registry. Each identified cancer case was then
thoroughly investigated, and pathology reports were obtained from
the women or their physicians. Only invasive breast cancers con-
firmed by medical documents were considered for the present study.
Of the cases included, 92% were initially identified from self-reports.

Study population and follow-up
Follow-up began 1 year after the responses to the 2005 questionnaire,
which assessed depression, and ended at the date of diagnosis of any
cancer (other than basal cell skin carcinoma or in situ colorectal can-
cer), the date when the last information on cancer occurrence was
obtained, or 17 November 2014, whichever occurred first.

Of the 98,995 women in E3N, we excluded 27,585 women who
did not answer the 2005 questionnaire, 11,385 women with a missing
CES-D score, 1202 women with no information on whether a cancer
had occurred after the 2005 questionnaire, 2564 women with no file
in the health expenditure claim database, 8159 women diagnosed with
a cancer before the start of follow-up, and 309 women diagnosed
with an incident breast cancer that was either in situ or with an
unknown in situ/invasive status, leaving 47,791 women in the study
population.

Statistical analysis
Figure S1 shows the directed acyclic graph representing the causal
structure we assumed among variables relevant to the assessment of
the effects of depression and antidepressant use on breast cancer risk.
Cox proportional hazards regression models with age as the time
scale were used to estimate hazard ratios (HRs) and 95% ClIs for the
associations between depression and/or antidepressant exposure and
the risk of invasive breast cancer.
We fitted exposure to antidepressants as time-varying, based on
the exact dates of deliveries. This approach allowed participants to
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transition from a period of nonexposure to a period of exposure, and
enabled updates to the cumulative duration of use throughout follow-
up. A participant was classified as exposed to antidepressants once at
least two deliveries of antidepressants had been recorded within a
3-month period. Furthermore, exposure to antidepressants was lagged
by 1 year to minimize reverse causation—where undiagnosed breast
cancer might cause depression—and to allow for a reasonable induc-
tion period for a potential effect of antidepressant use on breast cancer
incidence.?’

Cumulative duration of antidepressant exposure was handled
carefully to address challenges posed by prevalent users, i.e. individ-
uals who had a recorded antidepressant delivery in January or
February 2004, suggesting that their use had begun before the avail-
ability of drug claims data (January 2004). These individuals were
initially categorized as having an “unknown” duration of use. Once
their observed use during follow-up exceeded 24 months, they were
reassigned to the “>24 months” duration category.

Educational level, parity, breastfeeding, age at menarche, family
history of breast cancer, level of physical activity, alcohol consump-
tion, smoking status, lifetime use of oral contraceptives, and lifetime
use of menopausal hormone therapy were treated as fixed covariates
when follow-up started. Other covariates, which were updated in
2008 and/or 2011, were fitted as time-varying variables. Categories
used for the analyses are shown in Table 1.

Imputation to the median (for continuous variables) or mode (for
discrete variables) was used in case of a missing value for a given
covariate, provided it was missing for <5% of participants, since pre-
vious analyses in the cohort demonstrated that results were unchanged
compared with multiple linear imputation of missing values when
<5% missing. Otherwise, a “missing” category was created, which
was the case only for alcohol consumption and breastfeeding.

We assessed effect modification of the antidepressant—breast
cancer association by baseline depression status by adding cross-
product interaction terms in the Cox models. The Wald y* test was
used to compare HRs associated with different types of antidepres-
sants obtained from a model where variables corresponding to expo-
sure to each antidepressant type (SSRI/SNRI/TCA/other) were
introduced simultaneously.

Supplementary analyses included: (i) lagging exposures by
2 years (with follow-up starting 2 years after the answer to the
questionnaire assessing depression, and exposure to antidepres-
sants lagged by 2 years) instead of one; (ii) performing analyses
separately among women aged 65 years or younger and those
older than 65 years; and (iii) excluding individuals whose depres-
sion status at baseline may have been influenced by recent antide-
pressant use, i.e. those having at least one antidepressant claim
between the start of drug claim data availability (January 2004)
and the assessment of depression (questionnaire sent in July
2005). All tests of statistical significance were two-sided, and sig-
nificance was set at the 0.05 level. All analyses were performed
using SAS version 9.4 (SAS Institute, Inc.).

Results

Population description

A total of 47,791 women were analyzed, with a mean follow-up of
7.2 years (SD, 1.9 years) starting at a mean age of 64.5 years (SD,
6.0 years). Their main characteristics overall and according to antide-
pressant exposure at the end of follow-up or according to depression
status at baseline are shown in Table 1.

According to their CES-D score, 11,873 (24.8%) women had
depression at baseline. A total of 10,821 (22.6%) women had been
exposed to antidepressants between 2004 and the end of follow-up.
Among them, 69% had been exposed to SSRIs, 21% to SNRIs, 20%
to TCAs, and 21% to other antidepressants, with 25% having been
exposed to several types of antidepressants. Among women exposed
to antidepressants, the mean duration of use during follow-up was
2.9 years (SD, 2.9 years).

Psychiatry and Clinical Neurosciences

During follow-up, 1365 incident invasive breast cancers were
diagnosed, at a mean age of 68.1 years (SD, 6.0 years).

Depression and breast cancer incidence

During follow-up, 998 breast cancer cases occurred among women
without depression and 367 among women with depression at base-
line. A higher incidence of breast cancer was found in women with
depression, compared with women without depression, in the age-
adjusted model (HR, 1.15 [95% CI, 1.02-1.29]), in the model further
adjusted for antidepressant exposure (HR, 1.17 [95% CI, 1.04-1.33]),
and in the fully adjusted model (HR, 1.14 [95% CI, 1.01-1.29]).

Antidepressant drugs and breast cancer incidence

Exposure to antidepressants was not significantly associated with
breast cancer incidence in the age-adjusted model (HR, 0.94 [95%
CL, 0.81-1.08], compared with no exposure) or in the model adjusted
for age and breast cancer risk factors (HR, 0.88 [95% CI,
0.76-1.01]). However, the association between exposure to antide-
pressants and breast cancer incidence became statistically significant
when depression was added in the latter model (HR, 0.85 [95% CI,
0.74-0.98]) (Table 2). Of note, there was no heterogeneity of the
antidepressant—breast cancer association according to depression sta-
tus (P for homogeneity = 0.47) (Table 2). Compared with women
without depression at baseline and who had not been exposed to antide-
pressants, those with depression and no exposure to antidepressants had
a higher invasive breast cancer risk (HR, 1.17 [95% CI, 1.02-1.35]),
those with depression and exposure to antidepressants had an HR of 0.94
(95% CI, 0.77—-1.14]), and those with no depression and exposure to anti-
depressants had an HR of 0.89 (95% CI, 0.74-1.07).

Compared with no antidepressant exposure, in the fully adjusted
model, treatment with antidepressants for >24 months was associated
with lower breast cancer incidence (HR, 0.80 [95% CI, 0.64-0.99]),
whereas antidepressant treatment for <6 months was not (HR, 1.02
[95% CI, 0.79-1.32]) (Table 2). The direction of the findings was
similar among women with or without depression at baseline
(Table 2).

Analyses according to the type of antidepressant yielded no sig-
nificant heterogeneity of the associations (P = 0.26): the multivariable
HRs for invasive breast cancer were 0.84 (95% CI, 0.70-0.99) for
SSRIs (154 exposed cases), 0.71 (95% CI, 0.50-0.99) for SNRIs
(36 exposed cases), 1.09 (95% CI, 0.83—1.45) for TCAs (52 exposed
cases), and 0.88 (95% CI, 0.64-1.20) for other types of antidepres-
sants (41 exposed cases), compared with no exposure.

Analyses incorporating a 2-year lag for depression and antide-
pressant use showed an increased risk of breast cancer associated with
depression (HR, 1.17 [95% CI, 1.03-1.34]) and a decreased risk
with antidepressant exposure (HR, 0.84 [95% CI, 0.72—0.98]), similar
to what we observed in our main analysis incorporating a 1-year lag
(Table S1). Excluding individuals with at least one antidepressant
claim between January 2004 and the assessment of depression yielded
associations for both antidepressant use and baseline depression that
closely matched those obtained from our main analysis (Table S1).
Finally, age-stratified analyses showed no indication that the associa-
tions for antidepressant use or depression with breast cancer risk dif-
fered substantially according to age (<65 years/>65 years) (Table S1).

Discussion
In this large prospective cohort study, we found that depression was
associated with a higher incidence of breast cancer, whereas exposure
to antidepressants was associated with a lower incidence. The latter
association was evident only after adjusting for depression and several
potential confounding factors. The observed effect sizes for these
associations were modest. We also observed a potential duration
effect for antidepressant use, as a significant inverse association
emerged only among women with at least 2 years of treatment.

Our findings align with those of four recent Mendelian randomi-
zation studies that concluded that genetic liability to depression was
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Table 1. Characteristics of the study population overall and according to their exposure to antidepressants and their depression status

Not exposed to

antidepressants Exposed to antidepressants No depression at Depression
All women at the end of follow-up at the end of follow-up follow-up start at follow-up
Characteristics " (n =47,791) (n =36,970) (n =10,821) (n =35,918) start (n = 11,873)
Age, mean (SD), y 64.5 (6.0) 64.5 (6.0) 64.3 (6.0) 64.4 (6.0) 64.7 (6.1)
Physical activity, mean 62.0 (50.4) 63.6 (51.0) 56.7 (48.0) 63.5 (50.8) 57.5 (49.0)
(SD), METs-h/wk
Years of schooling, n (%)
<13 4034 (8.4) 3031 (8.2) 1003 (9.2) 2761 (7.7) 1273 (10.7)
13-16 35,159 (73.6) 27,166 (73.5) 7993 (73.9) 26,439 (73.6) 8720 (73.5)
17+ 8598 (18.0) 6773 (18.3) 1825 (16.9) 6718 (18.7) 1880 (15.8)
Body mass index at the 24.0 (4.0) 239 (3.9) 243 (4.2) 23.9 (3.9) 242 (4.3)
end of follow-up,
mean (SD), kg/m?
Alcohol intake, mean 12.5 (15.0) 12.5 (14.7) 12.6 (15.9) 12.7 (14.8) 12.2 (15.5)
(SD), g/d
Smoking status, n (%)
Never smoked 24,957 (52.2) 19,585 (53.0) 5372 (49.6) 18,984 (52.9) 5973 (50.3)
Ever smoked 22,834 (47.8) 17,385 (47.0) 5449 (50.4) 16,934 (47.1) 5900 (49.7)
Age at menarche, n (%), y
<13 21,691 (45.4) 16,722 (45.2) 4969 (45.9) 16,185 (45.1) 5506 (46.4)
>13 26,100 (54.6) 20,248 (54.8) 5852 (54.1) 19,733 (54.9) 6367 (53.6)
Ever use of oral contraceptives, n (%)
No 16,566 (34.7) 13,136 (35.5) 3430 (31.7) 12,286 (34.2) 4280 (36.0)
Yes 31,225 (65.3) 23,834 (64.5) 7391 (68.3) 23,632 (65.8) 7593 (64.0)
No. of children, n (%)
0 5473 (11.4) 4198 (11.4) 1275 (11.8) 4007 (11.2) 1466 (12.3)
lor2 28,620 (59.9) 21,936 (59.3) 6684 (61.8) 21,365 (59.4) 7255 (61.1)
>3 13,698 (28.7) 10,836 (29.3) 2862 (26.4) 10,546 (29.4) 3152 (26.6)
Breastfeeding, n (%)
No breastfeeding 17,739 (37.1) 13,533 (36.6) 4206 (38.9) 13,119 (36.5) 4620 (38.9)
Yes 27,297 (57.1) 21,357 (57.8) 5940 (54.9) 20,841 (58.0) 6456 (54.4)
Missing 2755 (5.8) 2080 (5.6) 675 (6.2) 1958 (5.5) 797 (6.7)
Age at menopause at 50.7 (3.7) 50.8 (3.7) 50.5 (3.8) 50.8 (3.7) 50.5 (4.0)
the end of follow-up,
mean (SD), y
Use of menopausal hormone therapy, n (%)
Never 13,463 (28.2) 10,957 (29.6) 2506 (23.2) 10,195 (28.4) 3268 (27.5)
Recent (<1 y since 12,055 (25.2) 9015 (24.4) 3040 (28.1) 9232 (25.7) 2823 (23.8)
last use)
Past 22,273 (46.6) 16,998 (46.0) 5275 (48.7) 16,491 (45.9) 5782 (48.7)
Family history of breast cancer in first-degree relatives, n (%)
No 42,406 (88.7) 32,777 (88.7) 9629 (89.0) 31,931 (88.9) 10,475 (88.2)
Yes 5385 (11.3) 4193 (11.3) 1192 (11.0) 3987 (11.1) 1398 (11.8)
History of benign breast disease at the end of follow-up, 7 (%)
No 29,728 (62.2) 23,405 (63.3) 6323 (58.4) 22,826 (63.6) 6902 (58.1)
Yes 18,063 (37.8) 13,565 (36.7) 4498 (41.6) 13,092 (36.4) 4971 (41.9)
Recent mammogram at the end of follow-up, n (%)
No 6937 (14.5) 5385 (14.6) 1552 (14.3) 5038 (14.0) 1899 (16.0)
Yes 40,854 (85.5) 31,585 (85.4) 9269 (85.7) 30,880 (86.0) 9974 (84.0)
Depression, n (%)
No 35,918 (75.2) 29,848 (80.7) 6070 (56.1) - -
Yes 11,873 (24.8) 7122 (19.3) 4751 (43.9) - -
Exposure to antidepressant drugs at the end of follow-up
No 36,970 (77.4) - - 29,484 (83.1) 7122 (60.0)
Yes 10,821 (22.6) - - 6070 (16.9) 4751 (40.0)

Abbreviation: METs-h/w, metabolic equivalent task-hour per week.
At follow-up start unless otherwise specified.
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Table 2. HRs for invasive breast cancer associated with exposure to antidepressants

All women (n = 47,791)

No depression at baseline (n = 35,918)

Depression at baseline (n = 11,873)

No. cases HR" (95% CI) No. cases HR' (95% CI) No. cases HR' (95% CI)

Exposure to antidepressants

No 1125 1 (reference) 872 1 (reference) 253 1 (reference)

Yes 240 0.85 (0.74-0.98) 126 0.88 (0.73-1.07) 114 0.81 (0.65-1.02)
Cumulative duration of exposure to antidepressant drugs, mo

Unexposed 1125 1 (reference) 872 1 (reference) 253 1 (reference)

<6 61 1.02 (0.79-1.32) 34 0.99 (0.70-1.40) 27 1.05 (0.71-1.56)

624 56 0.77 (0.59-1.01) 32 0.83 (0.58-1.18) 24 0.70 (0.46-1.07)

>24 88 0.80 (0.64-0.99) 42 0.85 (0.62-1.15) 46 0.77 (0.56-1.05)

Missing 35 0.87 (0.62-1.23) 18 0.91 (0.57-1.45) 17 0.84 (0.51-1.37)

Abbreviations: CI, confidence interval; HR, hazard ratio.

used for the covariates are those displayed in Table 1.

fAdjusted for age (time scale), depression (yes/no), family history of breast cancer, smoking status (baseline), level of physical activity (baseline),
body mass index (time-varying), years of schooling (baseline), personal history of benign breast disease (time-varying), ever use of oral
contraceptives (baseline), lifetime use of menopausal hormone therapy (baseline), recent mammogram (time-varying), menopausal status and age at
menopause (time-varying), breastfeeding (baseline), age at menarche (baseline), parity (baseline), alcohol consumption (baseline). The categories

associated with an increased risk of breast cancer.'*!” These studies
provide evidence supporting a causal effect of depression on breast
cancer incidence. In contrast, the most recent meta-analysis of
10 cohort studies, published in 2020, found no significant association
between depression and breast cancer risk.'> However, the lack of
adjustment for antidepressant use in most previous epidemiological
studies may have hindered accurate evaluation of the effect of depres-
sion on breast cancer risk: this effect could have been obscured by
the protective effect of antidepressant drugs, which were largely unac-
counted for in earlier analyses.

Indeed, in our study, antidepressant use was associated with a
lower breast cancer incidence. By contrast, a recent meta-analysis of
seven cohort studies reported a slightly increased risk of breast cancer
associated with antidepressant use (HR, 1.09 [95% CI, 1.01-1.18])."®
However, in the absence of simultaneous adjustment for depression, a
protective effect of antidepressant drugs on breast cancer incidence
could have been masked by the effect of depression. In our study, the
use of a drug claims database to identify exposure to antidepressants
during a 10-year period may also have helped reveal this protective
effect by reducing the dilution of any real association due to impre-
cise assessment of exposure. We observed a statistically significant
risk reduction only among women with at least 2 years of antidepres-
sant use, suggesting that an extended duration of treatment may be
necessary to observe an effect on breast cancer incidence.

Beyond simultaneously investigating the independent effects of
depression and antidepressant use, our study has several notable
strengths. First, we lagged exposure to antidepressants by 1 year, dis-
carding any exposure occurring in the year before the attained age,
and follow-up started 1 year after the assessment of depressive symp-
toms. This strategy aimed to minimize the risk of reverse causation,
whereby potential symptoms of undiagnosed breast cancer
(e.g. fatigue, or anxiety caused by the presence of a lump in the
breast) could favor depression. The 1-year lag we implemented is
likely sufficient to address this concern, as suggested by Pottegard
et al., who investigated patterns of new medication use preceding can-
cer diagnosis.”® Their study showed an increase in drug use in the
months leading up to cancer diagnosis, with varying patterns by can-
cer type. For breast cancer specifically, it suggests that a 6-month lag
is sufficient to rule out reverse causation, whereas longer lags would
be needed for other cancers, such as pancreatic cancer. Moreover, in
our study, extending the lag to 2 years did not attenuate associations,
further supporting that a 1-year lag was sufficient to minimize
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potential reverse causation. Second, we used drug claims data to iden-
tify exposure to antidepressants, eliminating differential recall bias
between cases and noncases. This also enabled us to account for anti-
depressant exposure during the entire follow-up, reducing exposure
misclassification. Third, in order to limit confounding, we adjusted
our models for a number of breast cancer risk factors. Fourth, we
addressed potential surveillance bias. Women with depression may be
less likely to undergo mammograms,®’ whereas women prescribed
antidepressants may have more frequent healthcare interactions. To
account for these differences, we adjusted our analyses for mammo-
gram receipt during the previous follow-up period as a proxy for
gynecologic follow-up. Furthermore, we excluded in situ breast can-
cers from our analyses, as their diagnosis is more sensitive to breast
cancer screening practices. Finally, our results were not affected by
immortal time bias>° since exposure to antidepressants was introduced
in our Cox models using time-varying parameters, allowing individ-
uals to move from a period of nonexposure to a period of exposure
and to contribute to different durations of use during follow-up.

This study also has some limitations. First, depression was
assessed only once, at baseline. Therefore, we were not able to inves-
tigate the potential impact of depression duration on breast cancer
risk. Furthermore, this may have led to misclassification of depression
status during follow-up, potentially diluting the observed associations
with breast cancer risk. Indeed, some women may have developed
depression after baseline, while others may have recovered during
follow-up. This, in turn, could have affected the estimates for antide-
pressant use, as the underlying indication—depression—was not
accurately captured throughout follow-up, potentially resulting in
attenuated associations. Accurate estimation of the direct effect of
antidepressant use on breast cancer risk would require accounting for
the time-varying nature of depression (as illustrated in the directed
acyclic graph, Figure S1). In our study, because depression was
assessed at baseline only, the estimated HR of breast cancer associ-
ated with antidepressant use could reflect both its direct effect and its
effect mediated through depression recovery. Second, the use of the
CES-D tool does not allow the identification of clinical major depres-
sive disorder. Thus, studies exploring major depressive disorder and
its clinical characteristics in relation to breast cancer risk would be
valuable. Third, data on antidepressant use before 2004 were not
available. Fourth, our assessment of exposure to antidepressants was
based on drug claims, which may lead to misclassification of expo-
sure for women who purchased antidepressants without actually
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taking them; however, to limit this bias, we considered as exposed
only women who had at least two antidepressant deliveries within any
3-month period. Finally, our study included women born between
1925 and 1950, meaning that all participants were at least 56 years
old at the start of follow-up. As a result, our findings may not be gen-
eralizable to younger women.

Depression may influence health-related behaviors. Our statisti-
cal models included variables related to these behaviors, associated
with both depression and breast cancer risk, such as physical activity
levels and alcohol consumption. By adjusting for them, our estimates
reflect the association between depression (or antidepressant use) and
breast cancer risk independently of pathways mediated by these
behaviors. Since these covariates were generally measured only at the
time of depression assessment, some residual mediating effects of
these factors may persist in the association between antidepressant
use—updated during follow-up—and breast cancer risk. However,
these residual effects are likely limited. Indeed, removing alcohol con-
sumption, physical activity levels, or mammographic surveillance
from our models had no impact on the estimated association between
depression and breast cancer (data not shown). These findings support
the hypothesis that opposing effects of depression and antidepressants
on breast cancer incidence driven by mechanisms independent of
health-related behaviors may exist. Biological pathways such as sero-
tonin transmission and inflammation, which are implicated in the
pathophysiology of both depression and breast cancer, as well as in
the mechanisms of action of antidepressants, warrant further investi-
gation.”!"!?3! Another possibility regarding depression is that an
underlying, unobserved factor could increase an individual’s risk for
both breast cancer and depression. Therefore, although our study was
designed to investigate the independent effects of depression and anti-
depressant use on breast cancer risk, our results cannot definitely
prove causation.

Replication of our findings in independent cohorts is essential to
confirm these results. Longer follow-up periods would enable the
detection of larger effect sizes associated with extended durations of
antidepressant use. Furthermore, potential associations between
depression and antidepressant use and other types of cancers should
be explored, as these associations may not be specific to breast can-
cer. Last, studies designed to specifically identify major depressive
disorder and its clinical characteristics in relation to breast cancer risk
would be valuable.

An implication of our findings is the potential to reassure
women about the benefits of long-term antidepressant use. Poor
adherence to antidepressant treatment is a well-documented issue
among women with depression,®” and highlighting potential pro-
tective effects on breast cancer incidence may help improve
adherence.

In conclusion, our study suggests that depression and use of anti-
depressants may have opposite effects on breast cancer incidence.
While depression was associated with a higher risk, antidepressant
use appeared to counteract this risk, especially when used for at least
2 years. This study is the first to report both a significantly higher
breast cancer incidence associated with depression and a significantly
lower incidence associated with antidepressant use. These findings
should be replicated in other settings with simultaneous assessment of
the independent effects of depression and antidepressants and with
extended follow-up durations. If confirmed, these results could sup-
port initiatives aimed at improving adherence to antidepressant treat-
ment in women with depression, potentially mitigating their increased
breast cancer risk.
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