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ARTICLE INFO ABSTRACT

Keywords: Background: Cancer diagnosis can cause considerable stress among patients and their families. Both may expe-
Cancer rience clinical depression and severe anxiety. Therefore, this study investigated the association between the
Family occurrence of cancer patients in the family and the depression among family members.

i:;flf;—toncology Methods: Data from the Korean Longitudinal Study of Aging (2006-2020) were used. A total of 6251 participants
Psychiatry who completed the short-form Center for Epidemiologic Studies Depression Scale (CESD-10-D) questionnaire
Depression were included. General estimating equations were used to assess the temporal effects of changes on depression in

the presence of cancer patients in the family.

Results: Having cancer patients in the family was associated with a high risk of depression among both men and
women (men, Odds Ratio (OR):1.78, 95 % Confidence Intervals (CI) 1.13-2.79; women, OR:1.53, 95 % CI
1.06-2.22). Depressive symptoms were particularly high in women, especially when cancer symptoms were more
severe than previous surveys (OR: 2.48, 95 % CI 1.18-5.20).

Limitations: First, non-responders were excluded but this could be affected by underestimation bias. Second,
depression was defined as the CESD-10-D score, and the biological risk factors of depression could not be
identified because of survey-based database. Third, due to the retrospective design study, confirming the causal
relationship clearly is difficult. Finally, residual scheming effects of unmeasured variables could not be
eliminated.

Conclusion: Our findings support efforts to diagnose and manage depression in the families of cancer patients.
Accordingly, healthcare services and supportive interventions to reduce the psychological factors of cancer
patients' families are needed.

1. Introduction

The life expectancy of cancer patients has increased in recent de-
cades due to advances in diagnosis and treatment, but cancer still re-
mains a major cause of death worldwide (Siegel et al., 2022).
Approximately 19.3 million new cancer cases and ten million cancer-
related deaths worldwide were estimated in 2020 (Ferlay et al., 2018).
The number of new cancer patients in Korea in 2019 increased by 3.6 %,
which accounted for approximately 250, 000, compared to that in 2018
(Kang et al., 2022). As the population ages, the number of cancer

patients continues to increase (Kang et al., 2022; Sung et al., 2021).

It becomes a chronic disease, causing considerable problems for both
patients and their family members or caregivers (Bowman et al., 2006;
Siegel et al., 1991; Vanderwerker et al., 2005). Psychological distress in
families and caregivers of cancer patients is highly prevalent, especially
in the progressive stages of the disease (Gough and Hudson, 2009; Grov
et al., 2005; Janda et al., 2008; Kim and Given, 2008; Molassiotis et al.,
2011; Pitceathly and Maguire, 2003). Higher levels of anxiety and
depression have been reported in the families of cancer patients and
their caregivers than in the general population or in cancer patients

Abbreviations: KLoSA, Korean Longitudinal Study of Aging; CESD-10-D, The Center for Epidemiologic Studies Depression Scale; GEE, Generalized estimation
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themselves (Gough and Hudson, 2009; Grov et al., 2005; Janda et al.,
2008; Pitceathly and Maguire, 2003). They often experience a decline in
their physical and personal well-being, resulting in psychological
distress and depression (Kim and Spillers, 2010; Kim et al., 2012).
Depression can degrade the quality of life and impair the ability to care
for cancer patients (Edwards and Clarke, 2004). Typically, families and
caregivers are the main sources of patients' social and emotional support
and contribute significantly to their disease management (Adelman
et al., 2014; Bultz et al., 2000; Carlson et al., 2001; Stenberg et al.,
2010). Therefore, systematic managements of physical, emotional, and
practical problems faced by families are crucial (Park et al., 2013b).
Hence, the mental health of both patients and their family members
must be attended to.

Several studies have focused on cancer patients and their family
caregivers. One study confirmed the prevalence of anxiety and depres-
sion in family caregivers of cancer patients and identified predictors
(Park et al., 2013a). They also found a high risk of suicide among
caregivers with mental disabilities or depression (Park et al., 2013b).
Another study showed that caregivers of terminally ill cancer patients
experienced mental health problems leading to deterioration in their
quality of life (Song et al., 2011). In addition, the Beck Depression In-
ventory scores that measure depression were high in caregivers of cancer
patients (Rhee et al., 2008). However, few studies in Korea have
investigated depression in families other than caregivers, and most of
them have been conducted as cross-sectional studies. Likewise, similar
studies have been conducted steadily in international studies (Carter and
Chang, 2000; Lapid et al., 2016; Unsar et al., 2021). As the functional
condition of cancer patients worsens, the burden on their families or
caregivers increases, complaining of anxiety and emotional stress
(Ozcan Yiice and Tasci, 2021; Unsar et al., 2021). In addition, the risk of
sleep problems (overall quality, habitual sleep efficiency, and daytime
dysfunction) (Carter and Chang, 2000), depression (Unsar et al., 2021),
and poor quality of life (Lapid et al., 2016) increases, and psychological
burdens appear. However, most of their studies are cross-sectional and
data generated from interviews with patients and their family in a small
number of hospitals, with small populations.

Recent studies have shown that more efforts should be made to di-
agnose and manage depression because the support and care of cancer
patients' families are crucial in helping patients manage cancer (Cho
et al., 2018). It is known that understanding the psychosocial needs of
caregivers, which also include people other than family members, is
very important to increase patient satisfaction from the nursing process
(Abbasi et al., 2020; Karabekiroglu et al., 2018). This supports the re-
sults that identifying factors that affect the physical and psychological
health of family caregivers can not only reduce their burden, but also
increase the care motivation of family caregivers to help reduce patients'
pain (Geng et al., 2018; Northouse et al., 2012).

Through this, unlike previous studies, we selected a large population
through follow-up longitudinal panel data study. In order to see the
occurrence of cancer patients in the family as a large ‘event’, this study
used the occurrence of cancer patients in the family as an interesting
variable and measured depressive symptoms as a dependent variable.
Therefore, the aim of the study is to examine the association between
changes in the presence of cancer patients in the family and depression
in a Korean adult population.

2. Methods
2.1. Data

The Korean Longitudinal Study of Aging (KLoSA) was used as a
longitudinal panel survey in this study. The KLoSA has been conducted
every two years since 2006 and is a nationally representative sample of
community-dwelling adults aged >45 years (Jang, 2015). This survey
measures the social, economic, psychological, demographic formation,
and health status of the elderly, and comprises of family background,
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demographics, family, health, employment, income and consumption,
assets, subjective expectations, quality of life, and so on. This survey did
not require further ethical approval because it was publicly accessible
and informed consent was obtained from all participants.

2.2. Participants

In this study, data from the first to eighth waves of the KLoSA
(2006-2020) were used. As of 2006, data from 10,254 people were
collected, and eight rounds of results were derived using biannual sur-
vey data every two years. After removing data from those who lived
alone in the baseline year, those who had depressive symptoms in the
baseline year, newly added panels, and missing values for the study
variables, 6251 participants (2916 men and 3335 women) were
included in this study (Fig. 1). For statistical analysis, the change in
having cancer patients in the family from 2006 to 2020 was treated as an
individual case, and not as each participant.

2.3. Variables

The short-form Center for Epidemiologic Studies Depression Scale
(CESD-10-D) was used to measure the depressive symptoms. The val-
idity of the Korean version of the CESD-10-D for depression screening is
well established (Bae and Cho, 2004; Cheng and Chan, 2005). The
participants were asked to answer ten questions about depression using
a binary scoring system. The KLoSA provides a raw score by summing
the scores of all answers, which ranges from 0 to 10, with a high score
indicating a high severity of depression. We used CESD-10-D cutoff score
of 3 to confirm the association between changes in having cancer pa-
tients in the family and the presence of depression (Kim et al., 2022).

Each participant was asked about their cancer status using the
question, “Have you been diagnosed with cancer or malignant tumors by
a doctor since the last survey (excluding mild skin cancer)?” The
response options were “Yes” or “No”. We applied the same changes in
individual cancer status to the family members. Changes in having
cancer patients in the family per wave, the main variable of interest,
were classified into four groups: (1) none — none, (2) none — having,
(3) having — none, and (4) having — having.

The covariates included demographic and health-related variables
for each wave of the analysis. The following demographic characteristics
were assessed: age, region, marital status, educational level, employ-
ment status, household income, participation in social activities, and
family number. The following health-related factors were included:
smoking/alcohol use status, physical activity, and life satisfaction. Un-
less otherwise stated, multivariate models were used for all covariates.

2.4. Statistical analysis

The chi-squared test was used to compare the general characteristics
of the groups. A generalized estimation equation (GEE) model was used
for the regression analysis of CESD-10 scores, changes in the presence of
cancer patients in the family, and other covariates. The time variable
was a wave, that is, every two years, and the personal ID was used to
identify repeated subjects using the unstructured working correlation
matrix for the GEE model. The results are shown using odds ratio (ORs)
and confidence intervals (CIs). Subgroup analysis was performed to
evaluate the interaction between the variations in having cancer pa-
tients in the family and other variables related to depression. Employ-
ment status, household income, participation in social activities, family
number, and physical activity were assessed. All analyses were per-
formed using the SAS software (version 9.4; SAS Institute, Cary, NC,
USA), and results were considered statistically significant if the p-value
was <0.05.
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KLoSA enrollees
N=13.661
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Excluded new panels who did not participate in
all of the 1st to 8th wave (n=3,407)

- 5th wave new panels (n=920)

- 6th wave new panels (n=890)

- 7th wave new panels (n=830)

- 8th wave new panels (n=767)

KLoSA enrollees at baseline year 2006
N=10.254

A 4

Available study population (N=6,251)
: Men (n=2,916) and Women (n=3,335)

v

Excluded respondents in the baseline year (n=4003)
- cancer patients (n=245)

- depressive symptoms (n=1,683)

- living alone (n=831)

- missing value (n=1,244)

Fig. 1. Flowchart of the study participants displaying the inclusion and exclusion.

3. Results

The baseline characteristics of the study population, stratified by sex,
are shown in Table 1. In total, 6251 participants (2916 men and 3335
women) were included in the analysis. In the unadjusted analysis, we
found no significant difference in CESD-10-D scores between the four
groups for either sex. However, other covariates such as age, region,
marital status, educational level, employment status, household income,
participation in social activities, family number, alcohol intake, physical
activity, and life satisfaction significantly differed in the CESD-10-D
scores for both sexes.

Table 2 indicates the results of the GEE analysis of the association
between changes in having cancer patients in the family and CESD-10-D
score, which indicates depressive symptoms after adjusting for all po-
tential confounders. Among men, it was found that those who had
cancer patients in the family were more likely to have multiple
depressive symptoms (none — having, adjusted OR:1.78, 95 % CI
1.13-2.79) compared to the non-prevalence of cancer in the family
group. Similarly, women with cancer patients in the family were
significantly more depressed (none — having, adjusted OR:1.53, 95 % CI
1.06-2.22) compared to the non-prevalence of cancer in the family
group.

Table 3 presents the GEE results for the subgroup analysis stratified
by the independent variables. Among men and women who were non-
employers, those with cancer patients in their families had high ORs
for depression symptoms (men, none — having, adjusted OR:2.52, 95 %
CI 1.38-4.59; women, none — having, adjusted OR:1.48, 95 % CI
1.01-2.24). Further, people who did not participate in social activities
(men, none — having, adjusted OR:3.37, 95 % CI 1.50-7.58; women,
none — having, adjusted OR:1.52, 95 % CI 1.00-2.90) or had fewer
family members (men, none — having, adjusted OR:1.98, 95 % CI
1.15-3.40; women, none — having, adjusted OR:1.58, 95 % CI
1.02-2.59) showed high ORs for depression symptoms in both men and
women. Types of participation in social activities include religious
gatherings, social gatherings, leisure/culture/sports-related organiza-
tions, alumni gatherings, volunteers, political parties, and citizens' or-
ganizations. In addition, among those who did not engage in regular
physical activities, depression symptoms were high when new cancer
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patients were found in the family (men, none — having, adjusted
OR:1.77, 95 % CI 1.01-3.09; women, none — having, adjusted OR:1.89,
95 % CI 1.01-3.56).

The results of the subgroup analysis stratified by interesting variable
are presented in Table 4. Compared to the survey two years ago, the
cancer conditions and symptoms of cancer patients were divided into
five categories: none, recovery, same or better, death, and worse. It can
be seen that depressive symptoms increased in people with worse cancer
symptoms than before, and this increase was statistically significant for
women (adjusted OR:2.48, 95 % CI 1.18-5.20).

4. Discussion

This study used data from the KLoSA as a longitudinal panel survey
to examine the relationship between cancer patients in the family and
depression among family members. This study found that individuals
who had an “cancer occurrence” event in the family had a higher risk of
depression than family members with no cancer patients. Individuals
who did not have a job, participated in social activities, or did not
participate in regular physical activities had a higher risk of depression
than other individuals. In addition, worsening of the symptoms of cancer
patients has a strong association with the mental health of family
members.

In Korea, family members of patients are expected to be caregivers
when diagnosed with cancer because of the close relationships between
families (Park and Hyun, 2000). In addition, the role of cancer patients'
families continues to increase and diversify as patients stay at home
longer than hospitals because of changes in the medical environment
(Given and Northouse, 2011; Glajchen, 2004). Consequently, nursing
responsibilities expand to caregivers as well as all family members. This
affects both patient's and family members' mental health (Kitrungroter
and Cohen, 2006). Previous studies have shown that mental and
emotional disorders, such as depression and anxiety, are typical prob-
lems in the families of cancer patients (Braun et al., 2007; Edwards and
Clarke, 2004; Kim et al., 2014; Oechsle et al., 2013; Pawl et al., 2013;
Rhee et al., 2008; Wozniak and Izycki, 2014). It has also been reported
that depression among family members of cancer patients is associated
with factors such as caring stress, patient symptoms, sleep loss, and
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Baseline characteristics of the study population (2006 — 2008) according to the short-form Center for Epidemiologic Studies Depression Scale (CESD-10-D) scores.

Variables Depressive symptoms (CESD-10-D > 3)
Men Women
Total Yes No P-value Total Yes No P-value
N % N % N % N % N % N %
Total (N = 6251) 2916 100.0 360 12.3 2556 87.7 3335 100.0 578 17.3 2757 82.7
Change in having of family cancer patients 0.1536 0.6843
None — none 2881 98.8 353 12.3 2528 87.7 3277 98.3 567 17.3 2710 82.7
None — having 5 0.2 0 0.0 5 100.0 22 0.7 3 13.6 19 86.4
Having — none 9 0.3 3 33.3 6 66.7 8 0.2 1 12.5 7 87.5
Having — having 21 0.7 4 19.0 17 81.0 28 0.8 7 25.0 21 75.0
Age <0.0001 <0.0001
45-59 1307 44.8 98 7.5 1209 92.5 1583 47.5 153 9.7 1430 90.3
60-69 838 28.7 108 129 730 87.1 897 26.9 152 16.9 745 83.1
70-79 618 21.2 110 17.8 508 82.2 600 18.0 179 29.8 421 70.2
>80 153 5.2 44 28.8 109 71.2 255 7.6 94 36.9 161 63.1
Region <0.0001 0.0004
Urban area 1297 44.5 121 9.3 1176 90.7 1533 46.0 227 14.8 1306 85.2
Rural area 1619 55.5 239 14.8 1380 85.2 1802 54.0 351 19.5 1451 80.5
Marital status <0.0001 <0.0001
Married 2776 95.2 329 11.9 2447 88.1 2618 78.5 365 139 2253 86.1
Unmarried 140 4.8 31 22.1 109 77.9 717 21.5 213 29.7 504 70.3
Educational level <0.0001 <0.0001
Middle school or below 1326 45.5 236 17.8 1090 82.2 2305 69.1 487 21.1 1818 78.9
High school 1064 36.5 93 8.7 971 91.3 850 25.5 77 9.1 773 90.9
University or beyond 526 18.0 31 5.9 495 94.1 180 5.4 14 7.8 166 92.2
Employment status <0.0001 <0.0001
Employed 1816 62.3 143 7.9 1673 92.1 1091 32.7 102 9.3 989 90.7
Non-employed 1100 37.7 217 19.7 883 80.3 2244 67.3 476 21.2 1768 78.8
Household income <0.0001 <0.0001
Quartile 1 (low) 657 22.5 131 19.9 526 80.1 824 24.7 219 26.6 605 73.4
Quartile 2 730 25.0 103 14.1 627 85.9 816 24.5 143 17.5 673 82.5
Quartile 3 784 26.9 72 9.2 712 90.8 838 25.1 120 14.3 718 85.7
Quartile 4 (high) 745 25.5 54 7.2 691 92.8 857 25.7 96 11.2 761 88.8
Participation in social activities <0.0001 <0.0001
No 500 17.1 132 26.4 368 73.6 718 21.5 202 28.1 516 71.9
Yes 2416 82.9 228 9.4 2188 90.6 2617 78.5 376 14.4 2241 85.6
Family number 0.0004 0.1507
<2 1340 46.0 199 14.9 1141 85.1 1546 46.4 288 18.6 1258 81.4
3 661 22.7 75 11.3 586 88.7 765 22.9 119 15.6 646 84.4
>4 915 31.4 86 9.4 829 90.6 1024 30.7 171 16.7 853 83.3
Smoking status 0.3911 <0.0001
Non smoker 1073 36.8 126 11.7 947 88.3 3238 97.1 544 16.8 2694 83.2
Ex-smoker 741 25.4 102 13.8 639 86.2 22 0.7 5 22.7 17 77.3
Current smoker 1102 37.8 132 12.0 970 88.0 75 2.2 29 38.7 46 61.3
Alcohol intake <0.0001 0.0002
Never 669 22.9 99 14.8 570 85.2 2566 76.9 469 18.3 2097 81.7
Past 431 14.8 85 19.7 346 80.3 125 3.7 30 24.0 95 76.0
Current 1816 62.3 176 9.7 1640 90.3 644 19.3 79 12.3 565 87.7
Regularly physical activity <0.0001 <0.0001
Yes 1187 40.7 110 9.3 1077 90.7 1185 35.5 157 13.2 1028 86.8
No 1729 59.3 250 14.5 1479 85.5 2150 64.5 421 19.6 1729 80.4
Satisfaction of life <0.0001 <0.0001
Bad 351 12.0 108 30.8 243 69.2 468 14.0 182 38.9 286 61.1
Normal 1730 59.3 202 11.7 1528 88.3 2033 61.0 321 15.8 1712 84.2
Good 835 28.6 50 6.0 785 94.0 834 25.0 75 9.0 759 91.0

caring burden (Braun et al., 2007; Kim et al., 2014; Oechsle et al., 2013;
Pawl et al., 2013; Rhee et al., 2008). Accordingly, family members
follow the stage of the disease, which is similar to or even greater than
that of the patient (Edwards and Clarke, 2004; Wozniak and Izycki,
2014).

In previous studies of cancer patients' families, a cross-sectional
study was conducted using data from the Korea National Health and
Nutrition Survey and the Korea Community Health Survey (Cho et al.,
2018; Lim et al., 2013). In a 1:1 matching study of 8585 families of
cancer patients, the families of cancer survivors had more depressive
symptoms than the control group (Lim et al., 2013). In addition, in a
large eight-year study, 1590 family members of cancer patients were ata
high risk of being diagnosed with depression (Cho et al., 2018).
Although our study used different covariates, our results were generally
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consistent with those of previous studies, and we also demonstrated for
the first time the effect of changes in the incidence in cancer patients and
changes in cancer symptoms.

We also checked the differences according to economic activity, so-
cial activity, and number of families. Depression was significantly higher
among family members who were not engaged in economic activities
than those who were. This is because family members often need to
adjust their work when the patient becomes a caregiver (Wadhwa et al.,
2013; Zhu et al., 2014). Therefore, our study supports previous research
showing that depression increases in individuals who have lost their jobs
or are not economically active. Further, consistent with previous studies,
it was found that the caring role of family members of cancer patients
satisfies multidimensional needs, such as treatment-related symptom
management and emotional stability than existing caregivers (Girgis
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Table 2
Results of generalized estimating equation analysis of factors associated with
depressive symptoms in 2006 to 2020.

Variables Depressive symptoms (CESD-10-D > 3)
Men Women
OR 95 % CI OR 95 % CI

Change in having of

family cancer

patients

None — none 1.00 1.00

None — having 1.78 (113 - 2.79) 1.53 (1.06 - 2.22)

Having — none 1.40 (0.77 - 2.55) 0.60 (0.28 - 1.30)

Having — having 113 (.71 - 1.81) 119 (0.87 - 1.63)
Age

45-59 1.00 1.00

60-69 1.22  (1.04 - 143 132 (116 - 1.50)

70-79 1.25 (1.04 - 1500 157 (1.34 - 1.83)

>80 1.28 (1.02 - 1.61) 1.75 (1.44 - 2.11)
Region

Urban area 1.00 1.00

Rural area 1.40 (1.23 - 158 129 (1.16 - 1.43)
Marital status

Married 1.00 1.00

Unmarried 1.29 (1.08 - 1.56) 146 (1.31 - 1.63)
Educational level

University or 1.00 1.00

beyond

High school 1.10 (090 - 134 095 (071 - 1.25)

Middle school or 1.10 (0.91 - 1.35) 1.05 (0.80 - 1.38)

below
Employment status

Employed 1.00 1.00

Non-employed .71 (150 - 194 156 (140 - 1.74)
Household income

Quartile 1 (high) 1.00 1.00

Quartile 2 1.10 (0.94 - 1.28) 1.00 (0.87 - 1.14)

Quartile 3 1.03 (087 - 1.23) 1.05 (091 - 1.21)

Quartile 4 (low) 114 (095 - 1.37) 115 (099 - 1.33)
Participation in

social activities

Yes 1.00 1.00

No 1.73 (1.54 - 1.93) 1.39 (1.27 - 1.52)
Family number

>4 1.00 1.00

3 110 (093 - 1.29) 1.04 (091 - 1.20)

<2 1.07 (092 - 124 095 (0.84 - 1.07)
Smoking status

Current smoker 1.00 1.00

Ex-smoker 116 (1.00 - 1.35) 0.77 (054 - 1.09)

Non smoker 1.21 (1.04 - 142) 070 (052 - 0.93)
Alcohol intake

Current 1.00 1.00

Past 133 (1.16 - 1.53) 119 (097 - 1.46)

Never 1.05 (08 - 124 103 (089 - 119
Regularly physical

activity

Yes 1.00 1.00

No 1.31 (1.18 - 1.45) 1.26 (1.15 - 1.37)
Satisfaction of life

Good 1.00 1.00

Normal 1.33 (1.18 - 1500 126 (1.13 - 1.39)

Bad 3.44 (2.94 - 4.03) 3.25 (2.85 - 3.70)

et al., 2013). This indicates that different roles played simultaneously,
depending on the number of family members, are likely to reduce psy-
chological pressure (Kim et al., 2006).

This study had several limitations. First, we excluded non-responders
because we used survey-based data. However, this could be affected by
underestimation bias. People with severe depression may not have
answered the survey correctly or may not have been included in this
survey. Second, depression was defined as the CESD-10-D score, a
measure of depressive symptoms, and the biological risk factors of
depression could not be identified because a survey-based database was
used. Since the biological factor of depression has been set as a risk
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factor, future studies should consider and analyze it (Remes et al., 2021).
Third, it is difficult to confirm the causal relationship clearly because it
is not a prospective design study. We used the occurrence of cancer
patients in the family between the two waves and analyzed their asso-
ciation with depressive symptoms in subsequent waves to minimize
mutual causality.

Nonetheless, the results of this study are meaningful because indi-
vidual depression is unlikely to be related to the reverse cause of cancer
patients in families. However, in future, it is necessary to conduct pro-
spective design studies to establish a causal relationship between the
occurrence of cancer patients in the family and depression. Finally, we
attempted to adjust the covariates that could affect, but we could not
rule out the residual scheming effects of unmeasured variables. For
example, we could not adjust for variables related to the severity of the
disease or type of cancer. Further research should complement these
factors to develop appropriate interventions for advanced diagnosis and
treatment. Thus, low severity of cancer may not be associated with
depression among family members.

Despite these limitations, our study has several strengths. First, the
analysis was performed with a relatively large sample size, representing
the general adult population in Korea, and a longitudinal study design
was used. Therefore, our results can be generalized to the national level.
Second, the effectiveness of internal consistency, retest stability, and
validity were proven, and depression was defined by scoring high-risk
groups using the CESD-10-D. It has replaced the diagnosis of depres-
sion, but it is a reliable measure of depression worldwide. Third,
although the severity and type of cancer were not adjusted for, patients'
conditions could be analyzed in detail after cancer diagnosis. Thus, we
were able to infer the severity of the disease by examining changes in the
condition of the cancer patients.

5. Conclusion

In conclusion, this study investigated the relationship between the
occurrence of cancer patients in the family in Korea and depression
among family members. Our findings support greater efforts to diagnose
and manage depression in the families of cancer patients. This affects
both families' quality of life and patients' well-being because family
members and caregivers play an important role in helping patients
manage their diseases. Support from family members also plays an
important role in maximizing and recovering the effectiveness of cancer
treatment. Therefore, the welfare of family members should be pro-
moted. For example, cancer families should develop health services and
interventions that can take care of their own health, reduce psycho-
logical stress, maintain family relationships, and provide social support
services.
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Table 3
Results of subgroup analysis stratified by independent variables in 2006 to 2020.

Depressive symptoms (CESD-10-D > 3)

Men
None — none None — having Having — none Having — having
OR OR 95 % CI OR 95 % CI OR 95 % CI
Male
Employment status
Employed 1.00 1.02 (0.47 - 2.25) 0.94 (0.28 - 3.11) 0.68 (0.34 - 1.34)
Non-employed 1.00 2.52 (1.38 - 4.59) 1.55 0.72 - 3.34) 1.40 (0.75 - 2.62)
Household income
Quartile 1 (high) 1.00 1.09 (0.30 - 4.02) 0.69 (0.14 - 3.54) 0.68 (0.14 - 3.21)
Quartile 2 1.00 0.95 (0.35 - 2.63) 1.24 (0.43 - 3.53) 1.17 (0.58 - 2.37)
Quartile 3 1.00 1.99 (0.64 - 6.13) 2.81 0.77 - 10.26) 1.63 (0.87 - 3.05)
Quartile 4 (low) 1.00 4.29 (2.01 - 9.14) 1.28 (0.38 - 4.28) 0.64 (0.22 - 1.83)
Participation in social activities
Yes 1.00 1.28 (0.70 - 2.36) 1.35 (0.59 - 3.07) 0.78 (0.41 - 1.47)
No 1.00 3.37 (1.50 - 7.58) 2.01 (0.80 - 5.06) 1.86 (1.00 - 3.50)
Family number
>4 1.00 1.51 (0.51 - 4.45) 2.21 (0.29 - 16.66) 0.92 (0.28 - 3.01)
3 1.00 1.98 (0.66 - 5.93) 2.43 (0.88 - 6.74) 0.31 (0.07 - 1.44)
<2 1.00 1.98 (1.15 - 3.40) 0.94 (0.42 - 2.13) 1.66 (1.00 - 2.81)
Regularly physical activity
Yes 1.00 1.75 (0.81 - 3.75) 0.66 (0.20 - 2.17) 1.49 (0.71 - 3.13)
No 1.00 1.77 (1.01 - 3.09) 1.73 (0.83 - 3.64) 1.01 (0.58 - 1.77)
Female
Employment status
Employed 1.00 1.53 (0.95 - 4.32) 0.55 (0.16 - 1.90) 0.89 (0.44 - 1.91)
Non-employed 1.00 1.48 (1.01 - 2.24) 0.63 0.27 - 1.48) 1.18 (0.83 - 1.68)
Household income
Quartile 1 (high) 1.00 1.04 (0.39 - 2.79) 0.99 (0.12 - 8.32) 1.04 (0.50 - 2.17)
Quartile 2 1.00 1.42 (0.62 - 3.29) 1.11 (0.33 - 3.72) 0.83 (0.37 - 1.84)
Quartile 3 1.00 - - - - - - - - - - - -
Quartile 4 (low) 1.00 1.24 (0.68 - 2.24) 0.81 (0.29 - 2.28) 1.06 (0.68 - 1.65)
Participation in social activities
Yes 1.00 1.51 (0.96 - 2.38) 0.68 (0.29 - 1.60) 1.01 (0.68 - 1.50)
No 1.00 1.52 (1.00 - 2.90) 0.56 (0.15 - 2.10) 1.57 (1.00 - 2.59)
Family number
>4 1.00 - - - - - - - - - - - -
3 1.00 0.61 (0.24 - 1.54) 0.25 (0.04 - 1.78) 0.48 (0.19 - 1.23)
<2 1.00 1.58 (1.02 - 2.59) 0.82 (0.35 - 1.94) 1.45 (1.02 - 2.07)
Regularly physical activity
Yes 1.00 1.27 (0.80 - 2.03) 0.71 (0.28 - 1.75) 1.17 (0.82 - 1.68)
No 1.00 1.89 (1.01 - 3.56) 0.37 (0.11 - 1.19) 1.05 (0.55 - 2.01)
Acknowledgments
Table 4

Results of subgroup analysis stratified by interesting variables in 2006 to 2020. The authors would like to express sincere appreciation to our col-

Depressive symptoms (CESD-10-D > 3) leagues and professor from the Department of Public Health, Graduate
Men Women School of Yonsei University for their advice on this manuscript. Further,
OR  95%CI OR  95%CI we would like to thank Editage (www.editage.co.kr) for English lan-

uage editing.
Change of cancer guag g

status or
symptoms References
None 1.00 1.00
Recovery 1.68 093 - 3.04) 1.01 .53 - 1.90) Abbasi, A., Mirhosseini, S., Basirinezhad, M.H., Ebrahimi, H., 2020. Relationship
Same or better 1.16 0.70 - 1.92) 1.00 0.67 - 1.49) between caring burden and quality of life in caregivers of cancer patients in Iran.
Death 1.45 (056 - 3.73) 1.02 (062 - 1.68) Support. Care Cancer 28 (9), 4123-4129. https://doi.org/10.1007/500520-019-
Worsen 145 (056 - 377) 248 (118 - 5.20) 05240-y. , ,
Adelman, R.D., Tmanova, L.L., Delgado, D., Dion, S., Lachs, M.S., 2014. Caregiver
burden: a clinical review. JAMA 311 (10), 1052-1060. https://doi.org/10.1001/
O . . jama.2014.304.
assumes resp0n51b111ty for the integrity of the data and the accuracy of Bae, J.N., Cho, M.J., 2004. Development of the Korean version of the geriatric depression
the data analysis. scale and its short form among elderly psychiatric patients. J. Psychosom. Res. 57

(3), 297-305. https://doi.org/10.1016/j.jpsychores.2004.01.004.

Bowman, K.F., Rose, J.H., Deimling, G.T., 2006. Appraisal of the cancer experience by
family members and survivors in long-term survivorship. Psychooncology 15 (9),
834-845. https://doi.org/10.1002/pon.1039.

All authors do not have potential conﬂicting of interests to declare. Braun, M., Mikulincer, M., Rydall, A., Walsh, A., Rodin, G., 2007. Hidden morbidity in
cancer: spouse caregivers. J. Clin. Oncol. 25 (30), 4829-4834. https://doi.org/
10.1200/jc0.2006.10.0909.

Bultz, B.D., Speca, M., Brasher, P.M., Geggie, P.H., Page, S.A., 2000. A randomized
controlled trial of a brief psychoeducational support group for partners of early stage

Declaration of competing interest

487


http://www.editage.co.kr
https://doi.org/10.1007/s00520-019-05240-y
https://doi.org/10.1007/s00520-019-05240-y
https://doi.org/10.1001/jama.2014.304
https://doi.org/10.1001/jama.2014.304
https://doi.org/10.1016/j.jpsychores.2004.01.004
https://doi.org/10.1002/pon.1039
https://doi.org/10.1200/jco.2006.10.0909
https://doi.org/10.1200/jco.2006.10.0909

Y.S. Jang et al.

breast cancer patients. Psychooncology 9 (4), 303-313. https://doi.org/10.1002/
1099-1611(200007/08)9:4<303::aid-pon462>3.0.co;2-m.

Carlson, L.E., Ottenbreit, N., St Pierre, M., Bultz, B.D., 2001. Partner understanding of the
breast and prostate cancer experience. Cancer Nurs. 24 (3), 231-239.

Carter, P.A., Chang, B.L., 2000. Sleep and depression in cancer caregivers. Cancer Nurs.
23 (6), 410-415. https://doi.org/10.1097,/00002820-200012000-00002.

Cheng, S.T., Chan, A.C., 2005. The Center for Epidemiologic Studies Depression Scale in
older Chinese: thresholds for long and short forms. Int. J. Geriatr. Psychiatry 20 (5),
465-470. https://doi.org/10.1002/gps.1314.

Cho, Y., Jeon, Y., Jang, S.1., Park, E.C., 2018. Family members of cancer patients in Korea
are at an increased risk of medically diagnosed depression. J. Prev. Med. Public
Health 51 (2), 100-108. https://doi.org/10.3961/jpmph.17.166.

Edwards, B., Clarke, V., 2004. The psychological impact of a cancer diagnosis on
families: the influence of family functioning and patients' illness characteristics on
depression and anxiety. Psychooncology 13 (8), 562-576. https://doi.org/10.1002/
pon.773.

Ferlay, J., Ervik, M., Lam, F., Colombet, M., Mery, L., Pineros, M., Znaor, A.,
Soerjomataram, L., Bray, F., 2018. In: Global Cancer Observatory: Cancer Today, 3
(20). international agency for research on cancer, Lyon, France, p. 2019.

Geng, H.M., Chuang, D.M., Yang, F., Yang, Y., Liu, W.M., Liu, L.H., Tian, H.M., 2018.
Prevalence and determinants of depression in caregivers of cancer patients: a
systematic review and meta-analysis. Medicine (Baltimore) 97 (39), e11863. https://
doi.org/10.1097/md.0000000000011863.

Girgis, A., Lambert, S., Johnson, C., Waller, A., Currow, D., 2013. Physical, psychosocial,
relationship, and economic burden of caring for people with cancer: a review.

J. Oncol. Pract. 9 (4), 197-202. https://doi.org/10.1200/j0p.2012.000690.

Given, B.A., Northouse, L., 2011. Who cares for family caregivers of patients with
cancer? Clin. J. Oncol. Nurs. 15 (5), 451-452. https://doi.org/10.1188/11.Cjon.451-
452,

Glajchen, M., 2004. The emerging role and needs of family caregivers in cancer care.
J. Support. Oncol. 2 (2), 145-155.

Gough, K., Hudson, P., 2009. Psychometric properties of the hospital anxiety and
depression scale in family caregivers of palliative care patients. J. Pain Symptom
Manag. 37 (5), 797-806. https://doi.org/10.1016/].jpainsymman.2008.04.012.

Grov, E.K., Dahl, A.A., Moum, T., Fossd, S.D., 2005. Anxiety, depression, and quality of
life in caregivers of patients with cancer in late palliative phase. Ann. Oncol. 16 (7),
1185-1191. https://doi.org/10.1093/annonc/mdi210.

Janda, M., Steginga, S., Dunn, J., Langbecker, D., Walker, D., Eakin, E., 2008. Unmet
supportive care needs and interest in services among patients with a brain tumour
and their carers. Patient Educ. Couns. 71 (2), 251-258. https://doi.org/10.1016/j.
pec.2008.01.020.

Jang, S.-N., 2015. Korean Longitudinal Study of Ageing (KLoSA): overview of research
design and contents. In: Encyclopedia of Geropsychology, pp. 1-9.

Kang, M.J., Won, Y.J., Lee, J.J., Jung, KW., Kim, H.J., Kong, H.J., Im, J.S., Seo, H.G.,
2022. Cancer statistics in Korea: incidence, mortality, survival, and prevalence in
2019. Cancer Res. Treat. 54 (2), 330-344. https://doi.org/10.4143/crt.2022.128.

Karabekiroglu, A., Demir, E.Y., Aker, S., Kocamanoglu, B., Karabulut, G.S., 2018.
Predictors of depression and anxiety among caregivers of hospitalised advanced
cancer patients. Singap. Med. J. 59 (11), 572-577. https://doi.org/10.11622/
smedj.2018066.

Kim, H., Jeong, W., Kim, S.H., Park, Y.S., Jang, S.I., Park, E.C., 2022. Association
between changes in handgrip strength and depression in korean adults: a
longitudinal panel study. Sci. Rep. 12 (1), 13643. https://doi.org/10.1038/541598-
022-18089-9.

Kim, Y., Baker, F., Spillers, R.L., Wellisch, D.K., 2006. Psychological adjustment of cancer
caregivers with multiple roles. Psychooncology 15 (9), 795-804. https://doi.org/
10.1002/pon.1013.

Kim, Y., Given, B.A., 2008. Quality of life of family caregivers of cancer survivors: across
the trajectory of the illness. Cancer 112 (11 Suppl), 2556-2568. https://doi.org/
10.1002/cncr.23449.

Kim, Y., Shaffer, K.M., Carver, C.S., Cannady, R.S., 2014. Prevalence and predictors of
depressive symptoms among cancer caregivers 5 years after the relative's cancer
diagnosis. J. Consult. Clin. Psychol. 82 (1), 1-8. https://doi.org/10.1037/a0035116.

Kim, Y., Spillers, R.L., 2010. Quality of life of family caregivers at 2 years after a relative's
cancer diagnosis. Psychooncology 19 (4), 431-440. https://doi.org/10.1002/
pon.1576.

Kim, Y., Spillers, R.L., Hall, D.L., 2012. Quality of life of family caregivers 5 years after a
relative's cancer diagnosis: follow-up of the national quality of life survey for
caregivers. Psychooncology 21 (3), 273-281. https://doi.org/10.1002/pon.1888.

Kitrungroter, L., Cohen, M.Z., 2006. Quality of life of family caregivers of patients with
cancer: a literature review. Oncol. Nurs. Forum 33 (3), 625-632. https://doi.org/
10.1188/06.0nf.625-632.

488

Journal of Affective Disorders 333 (2023) 482-488

Lapid, M.I., Atherton, P.J., Kung, S., Sloan, J.A., Shahi, V., Clark, M.M., Rummans, T.A.,
2016. Cancer caregiver quality of life: need for targeted intervention.
Psychooncology 25 (12), 1400-1407. https://doi.org/10.1002/pon.3960.

Lim, S.M., Kim, H.C,, Lee, S., 2013. Psychosocial impact of cancer patients on their
family members. Cancer Res. Treat. 45 (3), 226-233. https://doi.org/10.4143/
crt.2013.45.3.226.

Molassiotis, A., Wilson, B., Blair, S., Howe, T., Cavet, J., 2011. Unmet supportive care
needs, psychological well-being and quality of life in patients living with multiple
myeloma and their partners. Psycho-Oncology 20 (1), 88-97.

Northouse, L., Williams, A.L., Given, B., McCorkle, R., 2012. Psychosocial care for family
caregivers of patients with cancer. J. Clin. Oncol. 30 (11), 1227-1234. https://doi.
org/10.1200/jco0.2011.39.5798.

Oechsle, K., Goerth, K., Bokemeyer, C., Mehnert, A., 2013. Anxiety and depression in
caregivers of terminally ill cancer patients: impact on their perspective of the
patients' symptom burden. J. Palliat. Med. 16 (9), 1095-1101. https://doi.org/
10.1089/jpm.2013.0038.

Ozcan Yiice, U., Tascy, S., 2021. Effect of reiki on the stress level of caregivers of patients
with cancer: qualitative and single-blind randomized controlled trial. Complement.
Ther. Med. 58, 102708 https://doi.org/10.1016/j.ctim.2021.102708.

Park, B., Kim, S.Y., Shin, J.Y., Sanson-Fisher, R.W., Shin, D.W., Cho, J., Park, J.H., 2013a.
Prevalence and predictors of anxiety and depression among family caregivers of
cancer patients: a nationwide survey of patient-family caregiver dyads in Korea.
Support. Care Cancer 21 (10), 2799-2807. https://doi.org/10.1007/s00520-013-
1852-1.

Park, B., Kim, S.Y., Shin, J.Y., Sanson-Fisher, R.W., Shin, D.W., Cho, J., Park, J.H., 2013b.
Suicidal ideation and suicide attempts in anxious or depressed family caregivers of
patients with cancer: a nationwide survey in Korea. PLoS One 8 (4), €60230. https://
doi.org/10.1371/journal.pone.0060230.

Park, Y.H., Hyun, H.J., 2000. Caregiver burden and family functioning of cancer patient.
Korean J. Adult Nurs. 12 (3), 384-395.

Pawl, J.D., Lee, S.Y., Clark, P.C., Sherwood, P.R., 2013. Sleep loss and its effects on
health of family caregivers of individuals with primary malignant brain tumors. Res.
Nurs. Health 36 (4), 386-399. https://doi.org/10.1002/nur.21545.

Pitceathly, C., Maguire, P., 2003. The psychological impact of cancer on patients'
partners and other key relatives: a review. Eur. J. Cancer 39 (11), 1517-1524.
https://doi.org/10.1016/50959-8049(03)00309-5.

Remes, O., Mendes, J.F., Templeton, P., 2021. Biological, psychological, and social
determinants of depression: a review of recent literature. Brain Sci. 11 (12) https://
doi.org/10.3390/brainsci11121633.

Rhee, Y.S., Yun, Y.H., Park, S., Shin, D.O., Lee, K.M., Yoo, H.J., Kim, J.H., Kim, S.O.,
Lee, R., Lee, Y.O., Kim, N.S., 2008. Depression in family caregivers of cancer
patients: the feeling of burden as a predictor of depression. J. Clin. Oncol. 26 (36),
5890-5895. https://doi.org/10.1200/jc0.2007.15.3957.

Siegel, K., Raveis, V.H., Houts, P., Mor, V., 1991. Caregiver burden and unmet patient
needs. Cancer 68 (5), 1131-1140. https://doi.org/10.1002/1097-0142(19910901)
68:5<1131::aid-cncr2820680541>3.0.co;2-n.

Siegel, R.L., Miller, K.D., Fuchs, H.E., Jemal, A., 2022. Cancer statistics, 2022. CA Cancer
J. Clin. 72 (1), 7-33. https://doi.org/10.3322/caac.21708.

Song, J.I., Shin, D.W., Choi, J.Y., Kang, J., Baik, Y.J., Mo, H., Park, M.H., Choi, S.E.,
Kwak, J.H., Kim, E.J., 2011. Quality of life and mental health in family caregivers of
patients with terminal cancer. Support. Care Cancer 19 (10), 1519-1526. https://
doi.org/10.1007/5s00520-010-0977-8.

Stenberg, U., Ruland, C.M., Miaskowski, C., 2010. Review of the literature on the effects
of caring for a patient with cancer. Psychooncology 19 (10), 1013-1025. https://doi.
org/10.1002/pon.1670.

Sung, H., Ferlay, J., Siegel, R.L., Laversanne, M., Soerjomataram, I., Jemal, A., Bray, F.,
2021. Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 71 (3),
209-249. https://doi.org/10.3322/caac.21660.

Unsar, S., Erol, O., Ozdemir, O., 2021. Caregiving burden, depression, and anxiety in
family caregivers of patients with cancer. Eur. J. Oncol. Nurs. 50, 101882 https://
doi.org/10.1016/j.ejon.2020.101882.

Vanderwerker, L.C., Laff, R.E., Kadan-Lottick, N.S., McColl, S., Prigerson, H.G., 2005.
Psychiatric disorders and mental health service use among caregivers of advanced
cancer patients. J. Clin. Oncol. 23 (28), 6899-6907. https://doi.org/10.1200/
j€0.2005.01.370.

Wadhwa, D., Burman, D., Swami, N., Rodin, G., Lo, C., Zimmermann, C., 2013. Quality of
life and mental health in caregivers of outpatients with advanced cancer.
Psychooncology 22 (2), 403-410. https://doi.org/10.1002/pon.2104.

Wozniak, K., Izycki, D., 2014. Cancer: a family at risk. Prz Menopauzalny 13 (4),
253-261. https://doi.org/10.5114/pm.2014.45002.

Zhu, P., Fu, J.F., Wang, B., Lin, J., Wang, Y., Fang, N.N., Wang, D.D., 2014. Quality of life
of male spouse caregivers for breast cancer patients in China. Asian Pac. J. Cancer
Prev. 15 (10), 4181-4185. https://doi.org/10.7314/apjcp.2014.15.10.4181.


https://doi.org/10.1002/1099-1611(200007/08)9:4<303::aid-pon462>3.0.co;2-m
https://doi.org/10.1002/1099-1611(200007/08)9:4<303::aid-pon462>3.0.co;2-m
http://refhub.elsevier.com/S0165-0327(23)00556-6/rf202304270338421205
http://refhub.elsevier.com/S0165-0327(23)00556-6/rf202304270338421205
https://doi.org/10.1097/00002820-200012000-00002
https://doi.org/10.1002/gps.1314
https://doi.org/10.3961/jpmph.17.166
https://doi.org/10.1002/pon.773
https://doi.org/10.1002/pon.773
http://refhub.elsevier.com/S0165-0327(23)00556-6/rf202304270339558335
http://refhub.elsevier.com/S0165-0327(23)00556-6/rf202304270339558335
http://refhub.elsevier.com/S0165-0327(23)00556-6/rf202304270339558335
https://doi.org/10.1097/md.0000000000011863
https://doi.org/10.1097/md.0000000000011863
https://doi.org/10.1200/jop.2012.000690
https://doi.org/10.1188/11.Cjon.451-452
https://doi.org/10.1188/11.Cjon.451-452
http://refhub.elsevier.com/S0165-0327(23)00556-6/rf202304270342196975
http://refhub.elsevier.com/S0165-0327(23)00556-6/rf202304270342196975
https://doi.org/10.1016/j.jpainsymman.2008.04.012
https://doi.org/10.1093/annonc/mdi210
https://doi.org/10.1016/j.pec.2008.01.020
https://doi.org/10.1016/j.pec.2008.01.020
http://refhub.elsevier.com/S0165-0327(23)00556-6/rf202304270340222865
http://refhub.elsevier.com/S0165-0327(23)00556-6/rf202304270340222865
https://doi.org/10.4143/crt.2022.128
https://doi.org/10.11622/smedj.2018066
https://doi.org/10.11622/smedj.2018066
https://doi.org/10.1038/s41598-022-18089-9
https://doi.org/10.1038/s41598-022-18089-9
https://doi.org/10.1002/pon.1013
https://doi.org/10.1002/pon.1013
https://doi.org/10.1002/cncr.23449
https://doi.org/10.1002/cncr.23449
https://doi.org/10.1037/a0035116
https://doi.org/10.1002/pon.1576
https://doi.org/10.1002/pon.1576
https://doi.org/10.1002/pon.1888
https://doi.org/10.1188/06.Onf.625-632
https://doi.org/10.1188/06.Onf.625-632
https://doi.org/10.1002/pon.3960
https://doi.org/10.4143/crt.2013.45.3.226
https://doi.org/10.4143/crt.2013.45.3.226
http://refhub.elsevier.com/S0165-0327(23)00556-6/rf202304270343057875
http://refhub.elsevier.com/S0165-0327(23)00556-6/rf202304270343057875
http://refhub.elsevier.com/S0165-0327(23)00556-6/rf202304270343057875
https://doi.org/10.1200/jco.2011.39.5798
https://doi.org/10.1200/jco.2011.39.5798
https://doi.org/10.1089/jpm.2013.0038
https://doi.org/10.1089/jpm.2013.0038
https://doi.org/10.1016/j.ctim.2021.102708
https://doi.org/10.1007/s00520-013-1852-1
https://doi.org/10.1007/s00520-013-1852-1
https://doi.org/10.1371/journal.pone.0060230
https://doi.org/10.1371/journal.pone.0060230
http://refhub.elsevier.com/S0165-0327(23)00556-6/rf202304270340309585
http://refhub.elsevier.com/S0165-0327(23)00556-6/rf202304270340309585
https://doi.org/10.1002/nur.21545
https://doi.org/10.1016/s0959-8049(03)00309-5
https://doi.org/10.3390/brainsci11121633
https://doi.org/10.3390/brainsci11121633
https://doi.org/10.1200/jco.2007.15.3957
https://doi.org/10.1002/1097-0142(19910901)68:5<1131::aid-cncr2820680541>3.0.co;2-n
https://doi.org/10.1002/1097-0142(19910901)68:5<1131::aid-cncr2820680541>3.0.co;2-n
https://doi.org/10.3322/caac.21708
https://doi.org/10.1007/s00520-010-0977-8
https://doi.org/10.1007/s00520-010-0977-8
https://doi.org/10.1002/pon.1670
https://doi.org/10.1002/pon.1670
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.ejon.2020.101882
https://doi.org/10.1016/j.ejon.2020.101882
https://doi.org/10.1200/jco.2005.01.370
https://doi.org/10.1200/jco.2005.01.370
https://doi.org/10.1002/pon.2104
https://doi.org/10.5114/pm.2014.45002
https://doi.org/10.7314/apjcp.2014.15.10.4181

	Association between changes in having of cancer patients in the family and depression: A longitudinal panel study
	1 Introduction
	2 Methods
	2.1 Data
	2.2 Participants
	2.3 Variables
	2.4 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Funding
	Data statement
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	References


