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Hospital, College of Medicine, The Catholic University of Korea, Seoul, South Korea

Background: Although previous studies demonstrated no association between
depression and tamoxifen in patients with breast cancer, there is still a limited
amount of long-term follow-up data. This study aimed to evaluate the
relationship between endocrine treatment and the risk of depression.

Methods: This nationwide population-based cohort study used data obtained
over a l4-year period (January 2007 to December 2021) from the Korean
National Health Insurance claims database. All female patients with breast
cancer were included. We examined the incidence of depression in patients
who underwent endocrine treatment, and those who did not undergo
endocrine treatment constituted the control group.

Results: The data from 11,109 patients who underwent endocrine treatment
and 6,615 control patients between 2009 and 2010 were analyzed. After
performing matching for comorbidities and age, both groups comprised
6,532 patients. The median follow-up were 119.71 months. Before and after
matching was performed, the endocrine treatment was not a significant risk
factor for developing depression (p=0.7295 and p=0.2668, respectively), nor
was it a significant factor for an increased risk for suicide attempt (p=0.6381 and
p=0.8366, respectively).

Conclusions: Using a real-world population-based cohort, this study
demonstrated that there is no evidence that the endocrine treatment

increases the risk of depression.
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Introduction

Depression is more common in cancer patients than in the
general population. The prevalence of major depressive disorder is
3.3% in the general population, whereas it is approximately four times
higher (12.5%) in cancer patients (1). The prevalence of depression
and other diagnoses of depression, including dysthymia and minor
depression, is 20% in patients with malignancy (2, 3). Depression is a
significant independent risk factor for overall survival regardless of
the tumor-node-metastasis stage and affected organs (4).

Breast cancer is the most common type in women, with more
than one million cases reported annually worldwide. From the
diagnosis of breast cancer to long-lasting and uncertain treatment,
breast cancer causes great stress to patients, leading to psychological
instability. Anti-estrogen agents (tamoxifen and aromatase
inhibitor [AI]) are used to prevent the recurrence of hormone
receptor-positive breast cancer (5, 6) however, endocrine treatment
may increase the risk of depression symptoms (6). A previous large
cohort study demonstrated no increased rate of depression in
patients treated with tamoxifen compared with other therapies,
despite earlier opposing reports. The National Surgical Adjuvant
Breast and Bowel Project (NSABP) P-1 trial used a questionnaire
on depression and reported that there was no difference in the
degree of depression according to tamoxifen administration during
the 3-year follow-up period (7). Nevertheless, several articles have
reported that endocrine treatment in patients with breast cancer has
a high prevalence of mood disturbances, including depression (8,
9). In addition, there is minimal long-term follow-up data on
depression from endocrine treatment.

Therefore, we aimed to identify the risk of depression in
patients with breast cancer from endocrine treatment using a
nationwide population-based cohort registry. Furthermore, we
evaluated the difference in the incidence of depression according
to the diagnosis type (invasive breast cancer or ductal carcinoma
in situ [DCIS]), and endocrine regimen administered.

Methods
Study design and database
This retrospective observational cohort study used data from

the Korean National Health Insurance (NHI) claims database of
the Health Insurance Review and Assessment Service (HIRA),

Abbreviations: Al, aromatase inhibitor; NSABP, National Surgical Adjuvant
Breast and Bowel Project; DCIS, ductal carcinoma in situ; NHI, Korean
National Health Insurance; HIRA, Health Insurance Review and Assessment
Service; ICD-10, International Classification of Disease; 10th revision; IRB,
Institutional Review Board; COPD, chronic obstructive pulmonary disease;
CKD, chronic kidney disease; HR, hazard ratio; CI, confidence intervals; SD,
standard deviation; DSM, Diagnostic and Statistical Manual of
Mental Disorders.
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the public institution responsible for evaluating the medical
expenses of all medical institutions, in South Korea over a 15-
year period from January 2007 to December 2021.The NHI
database includes all medical data, such as personal information,
date of disease registry, diagnostic codes, procedure information,
and prescription information. The disease codes specified in the
International Classification of Disease, 10" revision (ICD-10)
(10) were used to record the diagnoses.

In this study, all individual information was anonymized
prior to performing the data processing to comply with the
privacy guidelines of the Health Insurance Portability and
Accountability Act. The study protocol was approved by the
institutional review board (IRB) of Gangnam Severance Hospital
(local IRB no.: 3-2021-0050), which waived the need for
informed consent based on the retrospective cohort design.

Study population

All women aged >20 years in the NHI database were included
in the initial screening stage. We included patients diagnosed with
DCIS (ICD-10 code, D05) or breast cancer (ICD-10 code, C50)
between 2009 and 2010 and who had not seen a physician for any
type of cancer (ICD-10 code; any C code) during the 2-year
washout period between 2007 and 2008. To minimize
misclassification errors, patients with breast cancer or DCIS were
defined only as those with a behavior surgical code within 1 year of
receiving the first diagnosis code (Supplementary Table 1). The day
of enrollment for all subjects was the day of the surgery for breast
cancer. The follow-up months were calculated from the date of the
enrollment date. The participants were monitored for the
occurrence of depression until 2021. Patients without an event
were censored on December 31, 2021. We evaluated the risk of
developing depression from endocrine therapy in breast
cancer patients.

Predictor and outcome variables

The primary outcome of interest was the occurrence of
depression (ICD-10 codes F32 and F33) from endocrine
treatment between January 1, 2011, and December 31, 2021.
These F32 and F33 codes included mild to severe single
depressive episodes with or without psychotic symptoms, mild
to severe recurrent depressive episodes with or without psychotic
symptoms, and other minor types of depression; therefore, these
two codes cover the overall depression diagnoses.

The secondary outcome was at least one suicide attempt or
probable suicide attempt accompanied by depression from
endocrine treatment during the observation period of January
1,2011, to December 31, 2021. Individuals who experienced self-
harm were categorized into two groups. Suicide attempters were
defined by the following diagnostic codes (ICD-10 codes:
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intentional self-harm, X60-X85). The probable suicide
attempters included the following ICD-10 codes: wrist
laceration (S61.9); poisoning by psychotropic drugs (T43);
acute drug intoxication (T50.9); toxic effects of organic
solvents, corrosive substances, carbon monoxide, pesticides,
other specified substances, and unspecified substances (T52,
T54, T58, T60, and T65); handgun, rifle, or other firearm
discharges (W32, W33, and W34); accidental suffocation and
strangulation in bed (W75); other accidental hanging and
strangulation (W76); event of undermined intent (Y10-Y34),
asphyxia (R09); and falls (W13-W19) (Supplementary Table 2).
The first event for individuals who committed multiple suicide
attempts or probable suicide attempts was analyzed in our study.

Subgroup analyses were performed, including only patients
who had been diagnosed with depression and were taking
antidepressants [depression diagnosis with an antidepressant
prescription (Supplementary Table 3)]. We also conducted a
subgroup analysis according to the severity of the cancer
diagnosis (invasive breast cancer versus DCIS) and that
according to the endocrine regimen used (tamoxifen versus AI)
(Supplementary Table 4).

To minimize misclassification errors, the patients diagnosed
with depression with the following diseases were excluded from
the analysis: mental retardation (ICD-10 code: F7), schizophrenia
(F2), bipolar disorder (F30 and F31), and epilepsy (G40 and G41).

Confounding variables

The confounding variables included several comorbidities,
medications, receipt of chemotherapy (Supplementary Table 5),
and age. The confounding variables in this study were defined in
relation to the development of depression, as follows: goiter (ICD-10
code: E01), hypothyroidism (E02-E03), thyrotoxicosis (E05),
thyroiditis (E06), endocrine disorder (E89), medications
(levothyroxine or steroid, Supplementary Table 6), diabetes (E10-
E14), hypertension (110), hyperlipidemia (E78), chronic obstructive
pulmonary disease (COPD; J44), chronic kidney disease (CKD;
N18), liver cirrhosis (K74 and K703), and heart failure (I50).
Furthermore, we defined the presence of comorbidities as any
diagnosis of the aforementioned codes in the 2 years preceding the
enrollment date.

To minimize selection bias, estimated propensity scores were
used to match the patients with breast cancer who received
endocrine therapy to those who did not. This was calculated for
each participant using logistic regression analysis with the variables
of age, medications, and comorbidities. A nearest neighbor greedy
algorithm was used to match the subjects using the propensity
scores. We also used 1:1 propensity score-matching to obtain the
maximum number of patients with breast cancer and minimize the
estimated results (11). We tested the proportional-hazards
assumption by including an interaction term between variables
and natural-log-transformed follow-up time. We also checked by
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log-minus-log survival plots. We investigated the association
between the endocrine medication (tamoxifen or AI) and the
incidence of depression in patients with breast cancer. In
addition, subgroup analyses were performed to identify the
differences in the risk of developing depression between those
with invasive breast cancer and those with DCIS.

Statistical analysis

To compare the characteristics between the two groups,
Student’s t-test was used to analyze continuous variables, and
the chi-square test or Fisher’s exact test was used to analyze
categorical variables. The cumulative depression incidence rates
for the two groups were obtained using Kaplan-Meier curves and
compared using the log-rank test. Cox proportional hazard
models were used to determine the hazard ratio (HR) and 95%
confidence interval (CI) to investigate the onset of depression
after adjusting for the confounding variables. We applied the
backward likelihood method (entering effects: p=0.05; removing
effects: p=0.05). Statistical significance was set at a two-sided p-
value of <0.05. Statistical analyses were performed using SAS
software (version 9.4, SAS Institute, Cary, NC, USA).

Results
Characteristics of the registry

In total, 123,681 patients with breast cancer were included in
this study (Figure 1). We excluded patients without a surgical
behavior code (to select only new primary breast cancer patients
without metastasis) within 1 year of the breast cancer diagnosis.
After excluding patients who were diagnosed with other
malignancies, depression or other disorders (mental retardation
etc.) before 2010, 17,724 patients with breast cancer were included
in study sample. After matching, the endocrine treatment and
control groups comprised 6,532 patients (Table 1). Of the total
patients, 2,847 (16.1%) were diagnosed with depression, and 2,301
(13.0%) were prescribed antidepressants. Among the patients, 274
(1.6%) attempted suicide or had a probable suicide attempt, of
whom 37 (0.2%) were diagnosed with depression at the same time.
Table 1 shows the between-group differences in comorbidities,
levothyroxine/steroid use, chemotherapy and age. After performing
matching, both groups were well-balanced in comorbidities, drug
history, chemotherapy use, and age. During the matching process,
all variables met proportional-hazards assumption.

Analysis of risk of developing depression

Before matching, the mean and median follow-up times for the
total patients were 121.91 + 7.77 and 121.57 (97.2-137.5) months,
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Patient Flow Diagram

Assessed for eligibility between 2009 and 2010 (n=123,681)

Excluded (n=93,080)
- No behavior surgical code within 1-year of breast cancer diagnosis

Patients with primary breast cancer: n=30,601

(n=10,383)

Excluded (n=12,877, including duplicates)

- Diagnosis of breast cancer between 2007 and 2008 (n=1,268)

- Depression history between 2007 and 2010 (n=2,334)

- Diagnosis of other cancer (except breast cancer) between 2007 and 2010

- Diagnosis of other exclusion criteria (mental retardation, schizophrenia,
bipolar disorder, epilepsy) between 2007 and 2010 (n=450)
- Anti-hormonal treatment after being diagnosed with depression (n=190)

v

Analysis before matching (n=17,724)

|

M Patients with DCIS (n=2,913)
M Patients with invasive breast cancer (n=14,811)

Subgroup analysis according to diagnosis before matching

'

invasive breast cancer before matching (n=14,811)

Subgroup analysis according to endocrine treatment regimen in

M Patients who received anti-hormonal treatment (n=9,459)
H Patients who not received anti-hormonal treatment (n=5,352)

FIGURE 1

Flow diagram for the selection and enrollment of eligible patients in this study

respectively. Before matching, depression (only diagnosis) occurred
in 1,074 (16.2%) of 6,615 and 1,773 (16.0%) of 11,109 patients in the
control and endocrine treatment groups, respectively (p=0.629,
Table 1). There was no significant difference in the incidence rates
between patients received endocrine treatment and those not
received endocrine therapy (p=0.729, Figure 2A). After matching,
depression was exhibited in 1,064 (16.3%) of 6,532 and 1,080
(16.5%) of 6,532 patients in the control and endocrine treatment
groups, respectively (p=0.706, Table 1). There was no significant
difference in the prevalence of depression between patients who
received endocrine treatment and those who did not
(p=0.267, Figure 2B).

In the univariate Cox proportional hazard analyses of the
unmatched cohorts, endocrine treatment was not associated
with depression (p=0.730). In matched cohorts, previous
endocrine treatment (p=0.267) was not a significant predictor
for depression after adjusting for the other variables.

Before matching, depression events (diagnosis+anti-
depressant) occurred in 864 (13.1%) of the 6,615 controls and
in 1,437 (12.9%) of the 11,109 patients who underwent endocrine
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treatment (p=0.810, Table 1). After matching, the patients who
underwent endocrine treatment did not show a statistically
significant difference in the incidence of depression compared
to the controls (p=0.642). In Kaplan-Meier curves, there was no
significant difference in the prevalence of depression between
patients who received endocrine treatment and those who did not
(Supplementary Fig 1). In the univariate analysis before and after
matching, endocrine treatment was not a significant risk factor for
depression (before matching, p=0.590; after matching, p=0.249).

Sensitivity analysis of risk of depression
according to endocrine regimens

The effect of endocrine treatment on the incidence of
depression was evaluated in patients with breast cancer and in
those with DCIS (Supplementary Fig 6). In tamoxifen use group,
incidence of depression (only diagnosis) were in 1,074 (16.2%) of
6,615 and 1,165 (15.1%) of 7,717 patients in the control and
tamoxifen use groups, respectively (p=0.061, Supplementary
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TABLE 1 Comparison of clinical characteristics of patients with breast cancer and DCIS according to receipt of endocrine treatment.

Before matching After matching
Patients not receiving  Patients receiving P  Patients not receiving  Patients receiving P
endocrine treatment, endocrine treatment, value endocrine treatment, endocrine treatment, value
n = 6,615 (%) n = 11,109 (%) n = 6,532 (%) n = 6,532 (%)
Depression (only 0.629 0.706
diagnosis)
No 5,541 (83.8) 9,336 (84.0) 5,468 (83.7) 5,452 (83.5)
Yes 1,074 (16.2) 1,773 (16.0) 1,064 (16.3) 1,080 (16.5)
Depression (diagnosis 0.810 0.642
+ anti-depressant)
No 5,751 (86.9) 9,672 (87.1) 5,676 (86.9) 5,658 (86.6)
Yes 864 (13.1) 1,437 (12.9) 856 (13.1) 874 (13.4)
Depression (only 0.456 >.999
diagnosis) + suicidal
attempt
No 6,599 (99.8) 11,088 (99.8) 6,516 (99.8) 6,516 (99.8)
Yes 16 (0.2) 21 (0.2) 16 (0.24) 16 (0.2)
Depression (diagnosis 0.705
+ anti-depressant) +
suicidal attempt
No 6,600 (99.8) 11,091 (99.8) 0.334 6,517 (99.8) 6,519 (99.8)
Yes 15 (0.2) 18 (0.2) 15 (0.2) 13 (0.2)
Suicidal attempt 0.638 0.837
No 6,509 (98.4) 10,941 (98.5) 6,426 (98.4) 6,423 (98.3)
Yes 106 (1.6) 168 (1.5) 106 (1.62) 109 (1.7)
Endocrine disorder 0.153 0.759
(including thyroid
disease)
No 6,028 (91.1) 10,192 (91.8) 5,956 (91.2) 5,946 (91.0)
Yes 587 (8.9) 917 (8.3) 576 (8.8) 586 (9.0)
Taking synthroid 0.936 0.545
No 6,415 (97.0) 10,783 (97.1) 6,335 (97.0) 6,323 (96.8)
Yes 200 (3.0) 326 (2.9) 197 (3.0) 209 (3.2)
Taking steroids 0.314 0.708
No 2,135 (32.3) 3,667 (33.0) 2,114 (32.4) 2,094 (32.1)
Yes 4,480 (67.7) 7,442 (67.0) 4,418 (67.6) 4,438 (67.9)
Diabetes 0.057 0.454
No 5,834 (88.2) 9,901 (89.1) 5,785 (88.6) 5,812 (89.0)
Yes 781 (11.8) 1,208 (10.9) 747 (11.4) 720 (11.0)
Hypertension 0.559 0.739
No 5,100 (77.1) 8,607 (77.5) 5,044 (77.2) 5,028 (77.0)
Yes 1,515 (22.9) 2,502 (22.5) 1,488 (22.8) 1,504 (23.0)
Hyperlipidemia 0.061 0.385
No 5,400 (81.6) 9,192 (82.7) 5,352 (81.9) 5,390 (82.5)
Yes 1,215 (18.4) 1,917 (17.3) 1,180 (18.1) 1,142 (17.5)
COPD 0.842 0.318
No 6,385 (96.5) 10,729 (96.6) 6,313 (96.7) 6,292 (96.3)
Yes 230 (3.5) 380 (3.4) 219 (3.4) 240 (3.7)
CKD 0.020 0.114
No 6,576 (99.4) 11,070 (99.7) 6,497 (99.5) 6,509 (99.7)
Yes 39 (0.6) 39 (0.4) 35 (0.5) 23 (0.4)

(Continued)

Frontiers in Oncology 05 frontiersin.org


https://doi.org/10.3389/fonc.2022.980197
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Oh et al.

10.3389/fonc.2022.980197

TABLE 1 Continued
Before matching After matching
Patients not receiving  Patients receiving P  Patients not receiving  Patients receiving P
endocrine treatment, endocrine treatment, value endocrine treatment, endocrine treatment, value
n = 6,615 (%) n = 11,109 (%) n = 6,532 (%) n = 6,532 (%)
LC 0.698 0.752
No 6,590 (99.6) 11,071 (99.7) 6,511 (99.7) 6,513 (99.7)
Yes 25 (0.4) 38 (0.3) 21 (0.3) 19 (0.3)
Heart failure 0.029 0.621
No 6,557 (99.1) 11,043 (99.4) 6,483 (99.3) 6,478 (99.2)
Yes 58 (0.9) 66 (0.6) 49 (0.8) 54 (0.8)
Chemotherapy 0.181 0.778
Not done 2,912 (44.0) 4,776 (43.0) 2,860 (43.8) 2,844 (43.5)
Done 3,703 (56.0) 6,333 (57.0) 3,672 (56.2) 3,688 (56.5)
Age (year, mean + SD) 50.83 £ 11.29 50.34 + 10.32 0.004 50.70 £ 11.22 50.77 £+ 10.77 0.735

COPD, chronic obstruction pulmonary disease; CKD, chronic kidney disease; LC, liver cirrhosis; SD, standard deviation.

Table 7), before matching. There was no significant difference
for depression between two groups (p=0.248, Figure 3A). There
was no statistically significant difference for depression between
two groups after matching (p=0.207, Figure 3B). Tamoxifen use
was not associated with the risk of depression (before matching,
p=0.247; after matching, p=0.207). The incidence of depression
(diagnosis + antidepressants) was also analyzed in patients who
underwent tamoxifen therapy. Tamoxifen use was not
significantly associated with the risk of depression (before
matching, p=0.642, Figure 3C; after matching, p=0.100,
Figure 3D). In the Cox proportional hazard model, tamoxifen

A
0.31 P =0.729
Not receiving endocrine
— No treatment, n=6,615

3 — Yes Receiving endocrine treatment,
5021 n=11,109
=]
o
£
o
=
kS
32
g 0.1
S
(@]

0.0+

0 3 6 9 12
Duration

FIGURE 2

use was not a significant determinant of depression (diagnosis +
antidepressants) before or after matching.

The effect of AI use on the incidence of depression was
evaluated in patients with invasive breast cancer. Before
matching, Al use was significantly associated with an increased
risk of depression compared to no use of AI (p=0.007, Figure 4A).
However, after matching, there was no significant difference in the
incidence of depression in the group administered AI compared
with the group not administered AI (p=0.635, Figure 4B). Before
matching, the incidence of depression (diagnosis +
antidepressants) was also significantly higher in the patients

0.3 P =0.267
Not receiving endocrine
— No treatment, n=6,532
8 — Yes Receiving endocrine treatment,
50_2 n=6,532
o
o
£
o
=
s
>
g 0.1
S
(@]
0.04
0 3 6 9 12
Duration

Kaplan—Meier analysis of the incidence of depression in breast cancer patients according to endocrine treatment. Before matching, there was
no significant difference between the patients who underwent endocrine treatment and those who did not undergo endocrine treatment (A, p
= 0.729, log-rank test). After matching, there was still no significant difference between the two groups of patients (B, p = 0.267).
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FIGURE 3
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B
P =0.207
0.31
Not receiving tamoxifen,
— No n=5,071
» — Yes Receiving tamoxifen,
e n=5,071
0.2
o
o
£
[
=
I
=}
E0.1
3
(@)
0.01
0 3 6 9 12
Duration
D
o P =0.100
Not receiving tamoxifen,
— No n=5,071
3 — Yes Receiving tamoxifen,
$02- n=5,071
©
o
£
[
=
5
>
E0.'1
S
(@)
0.0
0 3 6 9 12
Duration

Subgroup analysis of incidence of depression in breast cancer patients according to the use of tamoxifen. Before matching, there was no
difference in the incidence (only diagnosis) between the patients administered tamoxifen and those not administered tamoxifen (A, p = 0.248,
log-rank test). After matching, there was still no significant difference between these two groups (B, p = 0.207). When the incidence of
depression (diagnosis + anto-depressant) analyzed in patients, there was no difference in the risk of depression according to tamoxifen use,

both before matching (C, p = 0.642) and after matching (D, p = 0.100).

administered AI than in those not administered AI (p=0.049,
Figure 4C). However, after matching, there was no difference in
the incidence of depression between the two groups
(p=0.533; Figure 4D).

Clinical characteristics of patients with breast cancer according
to receipt of aromatase inhibitors (Als) was compared in
Supplementary Table 8. Before matching, AI use was a significant
risk factor for the depression (only diagnosis) (p=0.007). However,
after matching in the univariate analysis of the matched cohort, Al
use was not associated with depression (p=0.635). Al use was also
not a significant risk factor for depression (diagnosis +
antidepressants) after matching (p=0.534). In terms of suicidal
attempt, we could not find any significant difference in every
analysis related to endocrine regimens.
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Sensitivity analysis of risk of depression
according to diagnostic type

Clinical characteristics of patients with DCIS was exhibited
in Supplementary Table 9. Before and after matching, in the
DCIS patients, there was no statistical difference between the two
groups in depression (only diagnosis and diagnosis+anti-
depressants), and suicide attempt (Supplementary Fig. 2).
Regardless of matching or the diagnostic method used
depression, there was no significant difference according
to tamoxifen.

We also analyzed the incidence of depression in patients
with invasive breast cancer treated with tamoxifen or AI
(Supplementary Table 10; Supplementary Fig 3, 7). There was
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Subgroup analysis of incidence of depression in breast cancer patients according to the use of aromatase inhibitors. Before matching, patients
administered aromatase inhibitors was exhibited a higher incidence of depression (only diagnosis) than those not administered aromatase
inhibitors (A, p = 0.007). However, there was no significant difference between these two groups after matching (B, p = 0.635). When the
incidence of depression (diagnosis + anto-depressant) was analyzed in the patients, the patients administered aromatase inhibitors had a
signficantly increased risk of depression than those not administered aromatase inhibitors (C, p = 0.049). However, there was no significant

difference between these two groups after matching (D, p = 0.533)

no statistical difference in the occurrence of depression
according to the administration of tamoxifen or Al, before or
after matching (Supplementary Tables 11, 12). In the Cox
proportional hazard model before and after matching,
tamoxifen use was not a significant risk factor for depression
(Supplementary Fig 4, 5, 7). Before matching, AI use increased
the incidence of depression compared with no use (p=0.012).
However, after matching, there was no statistical significance
with the occurrence of depression according to AI use. When
analyzed as another endpoint, depression (diagnosis + anti-
depressants), there was no significant association between Al
use and the incidence of depression.
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Discussion

In our study, patients with breast cancer who were
administered AI and those who were administered tamoxifen
showed no statistical differences in both the risk of depression
(diagnosis only and diagnosis + antidepressant) and suicide
attempts compared with those who did not receive endocrine
treatment. To our knowledge, this is the first large-scale
nationwide longitudinal cohort study to analyze the risk of
depression according to the endocrine treatment type. The
strength of this study is that the average follow-up period was
approximately 10 years, which is relatively long.
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In hormone receptor-positive breast cancer, endocrine
treatment, including tamoxifen and Al is the standard treatment
(5, 12). These treatments decrease recurrence and increase the
survival rates of patients with breast cancer. Therefore, physicians
should understand the potential adverse events of endocrine
treatment and further explain its risks and benefits to patients. The
NSABP P-1 trial was a pivotal trial evaluating the efficacy of
tamoxifen, and the degree of depression caused by taking
tamoxifen was analyzed using a questionnaire (13). The
questionnaire survey was administered every six-months for a total
of 3 years, and the degree of depression in both groups according to
tamoxifen use showed no statistical difference (odds ratio=0.98, 95%
CI: 0.93-1.02) (7). In another large retrospective study, there was no
significant difference in the degree of depression in 2,943 patients
administered tamoxifen (HR=1.1, 95% CI: 0.89-1.2) (14). The
fundamental limitations of the above studies are as follows: the
questionnaire itself only analyzed the degree of depression, not a
diagnosis, and the follow-up period was relatively short. In addition,
several studies have reported that endocrine treatment is associated
with an increased incidence of mood disorders, including depression
(6, 15, 16). Previous randomized controlled trials reported no
difference in the incidence rates of mood disorders between
tamoxifen and Al use (17-19),; however, there were no large-scale
prospective studies comparing patients with and without Al In this
study, endocrine treatment in patients with breast cancer did not
increase the incidence of depression, including suicide attempts, even
in the long term. These findings provide strong evidence using real-
world data that should alleviate excessive concern of the risk of
depression from endocrine treatment.

Several possible mechanisms have been proposed for
endocrine treatment affecting the occurrence of depression.
Estrogen has been reported to be associated with the positive
effects of serotonin and norepinephrine (20). Neurotransmitters,
including serotonin and norepinephrine, are related to anxiety
and depression and are the main targets of antidepressant
treatments. Several studies have reported that estradiol is
involved in the increase in serotonin receptor density and
urine excretion of the primary metabolite of serotonin (21-
23). Decreased neurotransmitter activity was a high-risk factor
for the occurrence of depression symptoms, and estrogen
supplementation improved depression symptoms in
postmenopausal and postnatal women (20, 24, 25). For these
reasons, many physicians have expressed concern about the
relationship between endocrine treatment and depression. Our
study presents additional evidence for reducing these concerns.

This study has several limitations. First, the accuracy of the
depression diagnosis cannot be guaranteed because we utilized data
from an insurance claims database. In general, a definite diagnosis of
depression can be made by a trained psychiatrist according to the
Diagnostic and Statistical Manual of Mental Disorders (DSM) 5t
edition criteria. Although we attempted to overcome this limitation
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by including only patients with both diagnostic codes of depression
and antidepressant prescription records, this limitation may not be
fully addressed. It was also not possible to determine the severity of
depression using these data, but this could be assessed using several
neuropsychological tests. To partially solve this problem, we
attempted to include additional analyses using patients with
suicide attempts. Second, there was no analysis of the risk of
depression according to the endocrine treatment duration. This is
because it was not possible to confirm medication adherence, even if
the number of days for the drug prescription was given. Another
limitation is that we observed the outcomes for almost 10 years;
surviving patients with breast cancer might be particularly resilient to
disease, even though we only included patients who underwent
curative resection. Lastly, although our sample size was large, we
utilized longitudinal data from the South Korean population, and the
findings may not be generalizable to patients in other countries or
patients of different ethnicities.

In this nationwide cohort study on breast cancer patients,
endocrine treatment, including tamoxifen and AI, was not
associated with the risk for depression before and after adjusting
for age, chemotherapy, and comorbidities. The findings of our
study support those produced by previous prospective randomized
controlled trials demonstrating that there is no evidence that the
endocrine treatment increases the risk of depression.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary Material. Further
inquiries can be directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and
approved by the Institutional Review Board (Local IRB number:
3-2021-0050) of Gangnam Severance Hospital. Written
informed consent for participation was not required for this
study in accordance with the national legislation and the
institutional requirements.

Author contributions

JO and CY had full access to all of the data in the study and
takes responsibility for the integrity of the data and accuracy of
the data analysis. Conceptualization: JO and CY. Data curation:
HL, SJ. Funding acquisition: JO. Investigation: JO, HL, S] and
CY. Methodology: JO, HL, S] and CY. Resources: HL, S]. Formal

frontiersin.org


https://doi.org/10.3389/fonc.2022.980197
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Oh et al.

analysis: JO and CY. Supervision, DK, JS, WP, and JK. Writing-
original draft: JO and CY. All authors contributed to the article
and approved the submitted version.

Funding

This study was supported by the National Research
Foundation of Korea (NRF) grant funded by the Korea
government (MSIT) (No. 2020R1C1C1007440).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

1. Lutgendorf SK, Andersen BL. Biobehavioral approaches to cancer
progression and survival: Mechanisms and interventions. Am Psychol (2015) 70
(2):186. doi: 10.1037/a0035730

2. Krebber A, Buffart L, Kleijn G, Riepma I, De Bree R, Leemans C, et al.
Prevalence of depression in cancer patients: A meta-analysis of diagnostic
interviews and self-report instruments. Psychooncology (2014) 23(2):121-30. doi:
10.1002/pon.3409

3. Mitchell AJ, Chan M, Bhatti H, Halton M, Grassi L, Johansen C, et al.
Prevalence of depression, anxiety, and adjustment disorder in oncological,
haematological, and palliative-care settings: A meta-analysis of 94 interview-based
studies. Lancet Oncol (2011) 12(2):160-74. doi: 10.1016/S1470-2045(11)70002-X

4. Pinquart M, Duberstein PR. Depression and cancer mortality: a meta-
analysis. Psychol Med (2010) 40(11):1797-810. doi: 10.1017/S0033291709992285

5. E.B. C. T. C. G. J. T. Aromatase inhibitors versus tamoxifen in early breast
cancer: patient-level meta-analysis of the randomised trials. Lancet (2015) 386
(10001):1341-52. doi: 10.1016/S0140-6736(15)61074-1

6. Thompson DS, Spanier CA, Vogel VG. The relationship between tamoxifen,
estrogen, and depressive symptoms. Breast J (1999) 5(6):375-82. doi: 10.1046/
j.1524-4741.1999.98085.x

7. Day R, Ganz PA, Costantino JP. Tamoxifen and depression: more evidence
from the national surgical adjuvant breast and bowel project's breast cancer
prevention (P-1) randomized study. J Natl Cancer Inst (2001) 93(21):1615-23.
doi: 10.1093/jnci/93.21.1615

8. Rocha-Cadman X, Massie MJ, Du Hamel K. Aromatase inhibitors and mood
disturbances. Palliat Support Care (2012) 10(3):225-7. doi: 10.1017/
$1478951512000636

9. A.J. T. L. Trialists' Group. Results of the ATAC (Arimidex, tamoxifen, alone
or in combination) trial after completion of 5 years' adjuvant treatment for breast
cancer. Lancet (2005) 365(9453):60-2. doi: 10.1016/S0140-6736(04)17666-6

10. World Health Organization. International classification of Diseases, Tenth
revision (ICD-10). Geneva: World Health Organization 10th edition (1990).

11. Austin PC. Statistical criteria for selecting the optimal number of untreated
subjects matched to each treated subject when using many-to-one matching on
the propensity score. Am ] Epidemiol (2010) 172(9):1092-7. doi: 10.1093/aje/
kwq224

12. E.B. C. T. C. G. J. T. Tamoxifen for early breast cancer: an overview of the
randomised trials. Lancet (1998) 351(9114):1451-67. doi: 10.1016/S0140-6736(97)
11423-4

13. Fisher B, Costantino JP, Wickerham DL, Cecchini RS, Cronin WM,
Robidoux A, et al. Margolese: Tamoxifen for the prevention of breast cancer:

Frontiers in Oncology

10

10.3389/fonc.2022.980197

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fonc.2022.980197/full#supplementary-material

current status of the national surgical adjuvant breast and bowel project p-1 study.
Natl Cancer Inst (2005) 97(22):1652-62. doi: 10.1093/jnci/dji372

14. Lee KC, Ray GT, Hunkeler EM, Finley PR. Tamoxifen treatment and new-
onset depression in breast cancer patients. Psychosomatics (2007) 48(3):205-10.
doi: 10.1176/appi.psy.48.3.205

15. Howell A, Cuzick J, Baum M, Buzdar A, Dowsett M, Forbes JF, et al. Results
of the ATAC (Arimidex, tamoxifen, alone or in combination) trial after completion
of 5 years' adjuvant treatment for breast cancer. Lancet (2005) 365(9453):60-2.
doi: 10.1016/s0140-6736(04)17666-6

16. Perez EA. Safety profiles of tamoxifen and the aromatase inhibitors in
adjuvant therapy of hormone-responsive early breast cancer. Ann Oncol (2007) 18
Suppl 8:viii26-35. doi: 10.1093/annonc/mdm?263

17. Cathcart CK, Jones SE, Pumroy CS, Peters GN, Knox SM, Cheek JH.
Clinical recognition and management of depression in node negative breast cancer
patients treated with tamoxifen. Breast Cancer Res Treat (1993) 27(3):277-81. doi:
10.1007/BF00665698

18. Moredo Anelli TF, Anelli A, Tran KN, Lebwohl DE, Borgen PI. Tamoxifen
adminstration is associated with a high rate of treatment-limiting symptoms in
male breast cancer patients. Cancer (1994) 74(1):74-7. doi:10.1002/1097-0142
(19940701)74:1<74::aid-cner2820740113>3.0.c052-#

19. Shariff S, Cumming C, Lees A, Handman M, Cumming DC. Mood disorder
in women with early breast cancer taking tamoxifen, an estradiol receptor
antagonist: an expected or unexpected effect? Ann N Y Acad Sci (1995) 761
(1):365-8. doi: 10.1111/§.1749-6632.1995.tb31394.x

20. Halbreich U. Role of estrogen in postmenopausal depression. Neurology
(1997) 48(5 Suppl 7):168-208. doi: 10.1212/WNL.48.5_Suppl_7.16S

21. Biegon A, McEwen BS. Modulation by estradiol of serotonin receptors in
brain. ] Neurosci (1982) 2(2):199-205. doi: 10.1523/]NEUROSCI.02-02-00199.1982

22. Fink G, Sumner BE, Rosie R, Grace O, Quinn JP. Estrogen control of central
neurotransmission: Effect on mood, mental state, and memory. Cell Mol Nuerobiol
(1996) 16(3):325-44. doi: 10.1007/BF02088099

23. Mueck A, Seeger H, Kasspohl-Butz S, Teichmann A, Lippert TJH. Influence of
norethisterone acetate and estradiol on the serotonin metabolism of postmenopausal
women. Horm Metab Res (1997) 29(02):80-3. doi: 10.1055/s-2007-978991

24. Gregoire A, Kumar R, Everitt B, Studd JW. Transdermal oestrogen for
treatment of severe postnatal depression. Lancet (1996) 347(9006):930-3.
doi: 10.1016/50140-6736(96)91414-2

25. Sichel DA, Cohen LS, Robertson LM, Ruttenberg A, Rosenbaum JF.

Prophylactic estrogen in recurrent postpartum affective disorder. Biol Psychiatry
(1995) 38(12):814-8. doi: 10.1016/0006-3223(95)00063-1

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2022.980197/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.980197/full#supplementary-material
https://doi.org/10.1037/a0035730
https://doi.org/10.1002/pon.3409
https://doi.org/10.1016/S1470-2045(11)70002-X
https://doi.org/10.1017/S0033291709992285
https://doi.org/10.1016/S0140-6736(15)61074-1
https://doi.org/10.1046/j.1524-4741.1999.98085.x
https://doi.org/10.1046/j.1524-4741.1999.98085.x
https://doi.org/10.1093/jnci/93.21.1615
https://doi.org/10.1017/s1478951512000636
https://doi.org/10.1017/s1478951512000636
https://doi.org/10.1016/S0140-6736(04)17666-6
https://doi.org/10.1093/aje/kwq224
https://doi.org/10.1093/aje/kwq224
https://doi.org/10.1016/S0140-6736(97)11423-4
https://doi.org/10.1016/S0140-6736(97)11423-4
https://doi.org/10.1093/jnci/dji372
https://doi.org/10.1176/appi.psy.48.3.205
https://doi.org/10.1016/s0140-6736(04)17666-6
https://doi.org/10.1093/annonc/mdm263
https://doi.org/10.1007/BF00665698
https://doi.org/10.1002/1097-0142(19940701)74:1%3C74::aid-cncr2820740113%3E3.0.co;2-#
https://doi.org/10.1002/1097-0142(19940701)74:1%3C74::aid-cncr2820740113%3E3.0.co;2-#
https://doi.org/10.1111/j.1749-6632.1995.tb31394.x
https://doi.org/10.1212/WNL.48.5_Suppl_7.16S
https://doi.org/10.1523/JNEUROSCI.02-02-00199.1982
https://doi.org/10.1007/BF02088099
https://doi.org/10.1055/s-2007-978991
https://doi.org/10.1016/s0140-6736(96)91414-2
https://doi.org/10.1016/0006-3223(95)00063-1
https://doi.org/10.3389/fonc.2022.980197
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Risk of developing depression from endocrine treatment: A nationwide cohort study of women administered treatment for breast cancer in South Korea
	Introduction
	Methods
	Study design and database
	Study population
	Predictor and outcome variables
	Confounding variables
	Statistical analysis

	Results
	Characteristics of the registry
	Analysis of risk of developing depression
	Sensitivity analysis of risk of depression according to endocrine regimens
	Sensitivity analysis of risk of depression according to diagnostic type

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


