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ABSTRACT

Background: The prevalence of depression is much higher in people with chronic disease
than in the general population. Depression exacerbates existing physical conditions,
resulting in a higher-than-expected death rate from the physical condition itself. In our

aging society, the prevalence of multimorbid patients is expected to increase; the resulting
mental problems, especially depression, should be considered. Using a large-scale cohort
from the Korean Longitudinal Study of Aging (KLoSA), we analyzed the combined effects of
depression and chronic disease on all-cause mortality.

Methods: We analyzed 10-year (2006-2016) longitudinal data of 9,819 individuals who

took part in the KLoSA, a nationwide survey of people aged 45-79 years. We examined

the association between multimorbidity and depression using chi-square test and logistic
regression. We used the Cox proportional hazard model to determine the combined effects of
multimorbidity and depression on the all-cause mortality risk.

Results: During the 10-year follow up, 1,574 people (16.0%) died. The hazard ratio associated
with mild depression increased from 1.35 (95% confidence interval [CI], 1.05-1.73) for no
chronic disease to 1.25 (95% CI, 0.98-1.60) for 1 chronic disease, and to 2.00 (95% CI,
1.58-2.52) for multimorbidity. The hazard ratio associated with severe depression increased
from 1.73 (95% CI, 1.33-2.24) for no chronic disease, to 2.03 (95% CI, 1.60-2.57) for 1 chronic
disease, and to 2.94 (95% CI, 2.37-3.65) for multimorbidity.

Conclusion: Patients with coexisting multimorbidity and depression are at an increased risk
of all-cause mortality than those with chronic disease or depression alone.

Keywords: Depression; Chronic Disease; Multimorbidity; All-cause Mortality

INTRODUCTION

According to the World Health Organization's report, the annual prevalence of depression

is 4.4%, and its lifetime risk is 15-18%. Depression is a common condition; one in five
people experience it at least once during their lifetime.! However, depression is more
common when accompanied by a physical condition, and it is well known that depression is
associated with chronic diseases, such as arthritis and diabetes.2 In chronic disease patients,
depression management is important, as physical stress increases the risk of depression. The
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prevalence of major depression disorders is 3.7-6.7%, while the prevalence of depression
accompanying physical illness is 5-10% for inpatients and 9-16% for outpatients.3 There is
a clear association between depression and chronic disease in the elderly, with more than
75% of depressed elderly patients having physical illnesses and 30-50% of them having
high morbidity.# Although the prevalence of depression is generally lower in population
groups aged 60 years and above than in younger age groups, high prevalence is reported in
sub-groups such as those with chronic physical conditions.5 Depression affects the physical
and mental state of a person, thereby reducing the quality of life and causing public health
problems, such as alcohol consumption, smoking, and drug abuse, thus resulting in higher
mortality and morbidity than that expected simply from the physical condition itself.

Multimorbidity, a term used to describe the presence of two or more chronic conditions,

is increasing, given the trend of global aging with clusters of illnesses.® A study found that
75% of individuals aged 65-74 years had multimorbidity, with the proportion rising to

80% in those aged 75 years and older.” As our society continues to age, the prevalence of
multimorbidity and mental problems is expected to increase; the mental problems, especially
depression, must be addressed.

People with chronic diseases consume a lot of medical resources for treatment, and this
increases the risk of depression by increasing stress vulnerability.89 The utilization of
medical resources is more likely to increase with a combination of depression and chronic
illness than in the case of chronic illness alone. Some studies show that depression is

an important factor that leads to excessive use of medical resources in hospitalized and
outpatient patients. High utilizers, who consume a lot of medical resources, account for 64%
percent of the total cost of medical resources, 23.5% of whom are reported to have depression
and 16.8%, dysthymic disorder. The disease burden of depression is reported to increase
every year, and it is estimated to be the second most common disease by 2030.1012

In the case of patients with chronic disease, it is important to evaluate not only the risk
factors for existing diseases but also the social and psychological stress factors that can cause
depression. Depression is highly relevant to social and cultural factors, so it is necessary to
study the domestic population. Several epidemiological studies have reported the prevalence
of depressive symptoms in the Korean population. Epidemiological surveys on mental
disorders in Korea reported a gradually increasing lifetime prevalence of major depressive
disorder (2001, 4.0%; 2006, 5.6%; 2011, 6.7%).13,14 Recently, there was a study consisting
of a nationwide, population-based survey that assessed the prevalence of depression in the
general population using the Patient Health Questionnaire (PHQ)-9. The point prevalence
of depression was 6.7% and the prevalence of major depressive disorder was 2.7%. The
study also reported that the factors associated with depression were perceived stress and

the presence of chronic disease.15 This study aimed to investigate the combined effects of
depression and multimorbidity on all-cause mortality using data from a large-scale cohort
study of Korea.

METHODS

Hypothesis
Based on the conceptual framework of stress vulnerability, involving depression and health
outcomes,16 the modified theoretical framework of this study is shown in Fig. 1.

https://doi.org/10.3346/jkms.2021.36.e99 2/M
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Stress vulnerability | | Morbidity | | Health outcome |

Demographics
- Sex, Age

Socioeconomic

- Education level .
. /I Chronic disease ’\
- House income

- Marital status
- Social activity Mortality

Health behavior

- Smoking \| Depression i/
- Alcohol intake i

- Exercise

Health condition
- BMI

Fig. 1. Modified Conceptual framework of relationship between stress vulnerability and depression and health
outcome.
BMI=body mass index.

Study population

We used data from 2006 to 2016 from the Korean Longitudinal Study of Aging (KLoSA),
conducted by the Korea Labor Institute of the Ministry of Labor every two year. KLoSA is
an ongoing longitudinal panel survey of a sample of community-dwelling people aged 45
to 79 years old who were alive at the time of the baseline interview in 2006. The data were
collected using structured questionnaires with computer-assisted personal interviewing
(CAPI) method. CAPI is an interviewing technique in which the interviewer uses an
electronic device to answer the questions. In the 2006 baseline survey, the original panel
interviewed 10,245 participants. Our study sample included 9,819 individuals; we excluded
435 individuals whose health information was absent at baseline. The flow chart of
participant selection is shown in Fig. 2.

| 10,254 invited to respond to questionnaires |

| 8 excluded for lack of information at baseline |

| 10,246 invited and eligible for study |

| 427 excluded for missing information ofvariables|

| 9,819 with all information (2006) |

1,862 dropped out during follow-up period
(2006-2016)

| Survivors 6,383; Dead 1,574 (2006-2016) |

Fig. 2. Selection of participants for analysis of the combined effect of depression and multimorbidity on all-cause
mortality; the Korean Longitudinal Study of Aging, 2006-2016.
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Covariates

The baseline characteristics, demographics, and health behaviors of the study participants
were the variables of interest. The demographic variables were age (45-65 years or > 65 years),
marital status (married, divorced/widowed, or never married), social activity (none, more
than one, more than two), education level (< 6 years, 711 years, 12-15 years, > 16 years), and
annual household income (< 10,000,000 KRW, 10,000,000-30,000,000 KRW, > 30,000,000
KRW). Health behavior variables included cigarette smoking (current smoker, former
smoker, or never smoked), alcohol consumption (current drinker, former drinker, or non-
drinker), and physical activity (more than once a week or less). Additionally, body mass index
(BMI) was calculated using the height and weight, and the participants were categorized as
underweight (< 18.5), normal weight (18.5-24.9), overweight (25-29.9), or obese (> 30).

Health status assessment

The health status variable was the number of chronic diseases. It was collected from self-
reported disease history. The respondents reported the presence of one or more physician-
diagnosed diseases, namely hypertension, diabetes mellitus, cancer, chronic lung disease,
chronic liver disease, cardiovascular disease, stroke, arthritis, and psychiatric disorders.
Psychiatric disorders include depression, anxiety, insomnia, excessive stress, neurological
problems and interpersonal relationships. Respondents with psychiatric disease were
excluded in this study. We categorized study participants according to their multimorbidity
status at baseline as having either no, 1 condition or over 2 conditions (multimorbid).

Measurement of depression

Depression was measured by the short version of the Center for Epidemiologic Studies for
Depression Scale (CESD-10), a brief screening instrument that assesses depressive symptoms
experienced during the most recent week. The Korean version of the scale was translated

by Cho et al.1718 and the validity of the scale was established by Shin et al.19 The CESD-10

has good internal consistency, acceptable test-retest reliability and has shown a statistically
significant correlation in many reliable studies.20-26 In the KLoSA dataset, participants are
asked to rate how often they have experienced feelings such as “depressed” or “lonely.” Items
range from O (rarely or none of the time; less than one time per day) to 3 (most of the time; 57
days). Total scores range are 0-30, and higher scores indicate the presence of more depressive
symptoms. We used cut-off score of 10 or greater in the CESD-10 to identify clinically relevant
depressive symptoms. This cut-off was reported to be valid in population study.2729 The
depression group was divided into two groups to differentiate the severity of depression, if the
CESD-10 score was 14 or higher, the participant was considered severely depressed.

Outcome assessment

The main outcome in this study was all-cause mortality. Mortality risk was assessed using
survival status and survival months calculated from months lived from the baseline (2006) to
2016. Death over a maximum follow-up period of 10 years was determined by death certificates.

Statistical analysis

Analysis was performed in two directions. First, Pearson's chi-square test was used for
comparative analysis between the groups. Second, Cox proportional hazard regression was
conducted longitudinally to investigate the relationship between depression and mortality
risk by stratifying multimorbidity. The hazard ratios (HRs) for all-cause mortality with 95%
confidence intervals were expressed for the results. SPSS for Windows version 18.0 was used
for statistical analysis. Statistical significance was set at P < 0.05.

https://doi.org/10.3346/jkms.2021.36.e99 4/1
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Ethics statement

The present study protocol was reviewed and approved by the Institutional Review Board of
Daegu Catholic University Hospital (approval No. CR-19-153). Informed consent was waived
because of the retrospective nature of the study.

RESULTS

This study comprised a total of 9,819 participants at baseline, i.e., 2006. Of these, 8,099
(82%), 988 (10%), and 732 (7.4%) were categorized as having no depression, mild, and
severe depression, respectively. Most participants with mild and severe depression were
elderly and female, had low education and income levels, and had normal BMI. However,
there was a major difference in the prevalence of underweight among those with depression
and those without. A large proportion of participants with mild and severe depression were
underweight. Further, participants with mild and severe depression showed significantly
low social engagement (social activity and marriage status) and physical activity and heavy
smoking and alcohol drinking, which tended to increase with the severity of depression.

Of participants with one chronic disease, 12.4% had mild depression and 8.5% had severe
depression. And of participants with multimorbidity, 16.6% had mild depression and 15.4%
had severe depression. The higher the number of chronic diseases, the higher the prevalence
of depression (Table 1).

During 10-year follow up, out of the 9,819 participants gathered at baseline, 1,574 (16.0%)
were reported deceased. The proportion of the depressed with CESD-10 or higher was higher
in the deceased group, and the proportion of the chronic disease was also significantly higher
in the deceased group (Table 2).

Table 3 shows the HR of all-cause mortality according to depression and multimorbidity.
Regarding depression, those with a CESD-10 score of < 10 served as the reference group. On
multivariate analysis, a significantly increased risk of mortality was indicated for participants
with mild and severe depression; the HR was 1.28 (95% CI, 1.11-1.48) with mild depression
and 1.91 (95% CI, 1.65-2.21) with severe depression. Regarding multimorbidity, no chronic
disease served as the reference group. Increased risk of mortality was also significantly
associated with multimorbidity. From the multivariate analyses, the HR was 1.18 (95% CI,
1.05-1.34) for 1 chronic disease and 1.61 (95% CI, 1.42-1.83) for multimorbidity (Table 3).

Next, we examined the combined effect of depression and multimorbidity on all-cause
mortality. As shown in Table 4, the HR associated with mild depression increased from

1.35 (95% CI, 1.05-1.73) for no chronic disease, to 1.25 (95% CI, 0.98-1.60) for 1 chronic
disease, and to 2.00 (95% CI, 1.58-2.52) for multimorbidity. The HR associated with severe
depression increased from 1.73 (95% CI, 1.33-2.24) for no chronic disease, to 2.03 (95% CI,
1.60-2.57) for 1 chronic disease, and to 2.94 (95% CI, 2.37-3.65) for multimorbidity. The
combined effect of depression and chronic disease was greater on total mortality than of
each independent factor. We found a statistically significant effect of the interaction between
multimorbidity and depression on mortality (P < 0.001) (Table 4 and Fig. 3).

https://doi.org/10.3346/jkms.2021.36.e99 5/M
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Table 1. General characteristics of the study population (n = 9,819) by depressive status as per the CESD-10 at baseline 2006 of KLoSA

Characteristics Total (n = 9,819) No depression Depression Pvalue
CESD-10 <10 (n = 8,099) CESD-10 10-13 (n = 988) CESD-10 > 14 (n = 732)

Age, yr <0.001
45-64 5,895 5,224 (64.5) 417 (42.2) 954 (34.7)
> 65 3,924 2,875 (35.5) 571 (57.8) 478 (65.3)

Sex <0.001
Male 4,994 3,747 (46.3) 397 (33.1) 290 (30.1)
Female 5,595 4,359 (53.7) 661 (66.9) 512 (69.9)

Education, yr <0.001
<6 4,614 3,350 (41.4) 714 (72.3) 550 (75.1)
7-1 1,593 1,401 (17.3) 120 (12.1) 72 (9.8)
12-15 2,602 2,394 (29.6) 121 (12.2) 87 (11.9)
>16 1,010 954 (11.8) 33(3.3) 23 (3.1)

Income (yearly, 10,000 won) <0.001
<1,000 4,549 3,392 (41.9) 632 (64.0) 595 (71.7)
1,000-3,000 3,406 2,980 (36.8) 267 (27.0) 159 (21.7)
>3,000 1,864 1,727 (21.3) 89 (9.0) 48 (6.6)

Social activity <0.001
None 92,791 1,984 (24.5) 405 (41.0) 402 (54.9)
One 4,399 3,723 (46.0) 414 (41.9) 262 (35.8)
Over two 2,629 2,392 (29.5) 169 (17.1) 68 (9.3)

Marital status <0.001
Married 7,660 6,679 (82.5) 613 (62.0) 368 (50.3)
Single 2,159 1,420 (17.5) 375 (38.0) 364 (49.7)

Body mass index <0.001
Normal 4,395 3,561 (44.0) 470 (47.6) 364 (49.7)
Underweight 384 9253 (3.1) 57 (5.8) 74 (10.1)
Overweight 2,814 2,499 (30.0) 230 (23.3) 155 (21.2)
Obese 2,996 1,856 (22.9) 9231 (23.4) 139 (19.0)

Exercise (per week) <0.001
More than once 3,755 3,318 (41.0) 285 (28.8) 152 (20.8)
Less than once 6,064 4,781 (59.0) 703 (71.2) 580 (79.2)

Smoking <0.05
None 6,968 5,689 (70.2) 728 (73.7) 551(75.3)
Past smoker 956 811 (10.0) 84 (8.5) 61(8.3)
Current smoker 1,895 1,599 (19.7) 176 (17.8) 120 (16.4)

Alcohol <0.001
None 5,398 4,349 (53.7) 583 (59.0) 466 (63.7)
Past drinker 668 481 (5.9) 94 (9.5) 93 (12.7)
Current drinker 3,753 3,269 (40.4) 311 (31.5) 173 (23.6)

Morbidity <0.001
None 5,263 4,686 (89.0) 351(6.7) 296 (4.3)
1 2,835 2,243 (79.1) 351 (12.4) 241 (8.5)
>9 1,721 1,170 (68.0) 286 (16.6) 265 (15.4)

Values were presented as number (%) and mean + standard deviation.
CESD-10 = the 10-item version of the Center for Epidemiologic Studies Depression scale, KLoSA = Korean Longitudinal Study of Aging.

Table 2. Association between depression and multimorbidity by survival status

Variables Total (n =7,957) Survivors (n = 6,383) Dead (n =1,574) Pvalue
Depression <0.001
CESD-10 <10 6,519 (81.9) 5,461 (85.6) 1,058 (67.2)
CESD-1010-13 838 (10.5) 596 (9.3) 249 (15.4)
CESD-10 2 14 600 (7.5) 3926 (5.1) 974 (17.4)
Morbidity <0.001
No chronic disease 4,175 (52.5) 3,584 (56.1) 591 (37.5)
1 Chronic disease 2,356 (29.6) 1,833 (28.7) 523 (33.2)
> 2 Chronic disease 1,426 (17.9) 966 (15.1) 460 (29.2)

CESD-10 = the 10-item version of the Center for Epidemiologic Studies Depression scale.
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Table 3. Hazard ratios of all-cause mortality according to depression and multimorbidity for 10-year-all-cause mortality

Variables Total
Survival months HR 95% ClI
Depression
CESD-10 <10 133.3 +27.7 1.00 Reference
CESD-1010-13 123.8 + 36.1 1.28 1.11-1.48
CESD-10>14 108.2 +45.4 1.91 1.65-2.21
Morbidity
No chronic disease 134.6 + 26.2 1.00 Reference
1 chronic disease 128.6 +32.9 118 1.05-1.34
> 2 chronic disease 121.2 + 38.1 1.61 1.42-1.83

Values are presented as number (%) and mean + standard deviation and hazard ratio (95% ClI).

Model adjusted for age, sex, education level, marital status, house income, social activity, exercise, alcohol
consumption, smoking, and body mass index.
HR = hazard ratio, CI = confidence interval, CESD-10 = the 10-item version of the Center for Epidemiologic Studies

Depression scale.

Table 4. HR (95% ClI) of the combined effect of multimorbidity status and depression on all-cause mortality from the
Korean Longitudinal Study of Aging, 2006-2016

Category of multimorbidity and depression Total
by CESD-10 score Survival months No. HR 95% Cl
No chronic disease
CESD-10 <10 136.0 + 24.4 3,548 1.00 Reference
CESD-1010-13 127.3 £ 32.5 272 1.35 1.05-1.73
CESD-10>14 118.2 £ 39.1 176 1.73 1.33-2.24
1 chronic disease
CESD-10 <10 131.0 £ 30.3 1,774 1.20 1.04-1.39
CESD-1010-13 126.6 + 33.8 277 1.25 0.98-1.60
CESD-10 > 14 109.3 £ 46.2 192 2.03 1.60-2.57
> 2 chronic disease
CESD-10< 10 127.4 + 32.5 913 1.46 1.24-1.71
CESD-1010-13 116.5 = 41.4 231 2.00 1.58-2.52
CESD-10 214 97.9 = 47.7 187 2.94 2.37-3.65

Values are presented as number (%) and mean + standard deviation and hazard ratio (95% Cl).

Model was adjusted for sex, age, education level, marital status, house income, social activity, body mass index, exercise,
alcohol consumption, and smoking. There was a significant interaction between multimorbidity and depression (P < 0.001).
HR = hazard ratio, CI = confidence interval, CESD-10 = the 10-item version of the Center for Epidemiologic Studies

Depression scale.

3.0

2.5

2.0

1.5

Hazard ratio

1.0

0.5

0 CESD-10 <10

CESD-1010-13 CESD-10 > 14

None

No. of chronic disease

Fig. 3. Hazard ratios (95% confidence interval) of the combined effect of depression and multimorbidity on all-cause mortality; the
Korean Longitudinal Study of Aging, 2006-2016.
CESD-10 = the 10-item version of the Center for Epidemiologic Studies Depression scale.
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DISCUSSION

Our study showed the findings of the survival analyses examining the combined effect

of depression and chronic disease on all-cause mortality among people of the KLoSA
cohort over a 10-year follow-up period. This study found that individuals with coexisting
multimorbidity and depression are at an increased risk of all-cause mortality compared
with those with chronic disease or depression alone. Chronic disease and depression are
independent factors that increase the risk of death, and a combination of these two diseases
can be a strong predictor of mortality. These results were significant even after having
controlled for age, sex, marital status, social activity, education, income, BMI, alcohol
consumption, smoking, and exercise. The mortality risk increased for 1 chronic disease in
all 3 depression statuses (none, mild depression, severe depression) at 1.20, 1.25, and 2.03,
respectively, and for 2 chronic disease at 1.46, 2.00, and 2.94, respectively, compared to the
no chronic disease and no depression groups.

According to many studies, depression is an important risk factor contributing to poor
outcomes for chronic illnesses, such as cardiovascular diseases.30 Major depression is
reported as the most important independent predictor of poor outcomes over 12 months
after myocardial infarction. Moreover, depressed patients with coronary heart disease were
6 times more likely to have ventricular tachycardia in a 24-hour evaluation than patients
who were not depressed.3136 Considering that depression is a preventable risk factor for
poor outcomes of physical illnesses, our findings could have important implications for the
treatment of depression in chronic disease patients.

It is vital to consider the possible mechanisms behind the increased mortality due to the
combination of depression and chronic disease. The increased risk of mortality due to
depression in chronic disease can be explained by the changes in the neurobiological system.
First, changes in the heart rate caused by excessive stress lead to abnormal response of the
autonomic nervous system and enhanced platelet aggregation/activation causing blood
clots, subsequently increasing the risk of coronary disease. Second, in stress situations,

the body activates the hypothalamus-pituitary-adrenal axis and sympathetic neural tones,
thereby increasing serum levels of low-density lipoprotein (LDL) and increasing the risk

of cardiovascular disease. Third, increased levels of biomarkers such as tumor necrosis
factor, interleukin-6, and C-reactive protein lead to chronic inflammation as well as insulin
resistance, thus increasing cardiovascular risk, which can affect mortality.37-41 Besides these
biological factors, depression affects individuals with chronic diseases by affecting their
behaviors. Lack of acceptance of treatment, limited problem-solving skills, and hopelessness
contribute to poor treatment adherence, compromised outcomes, and increased risk of
negative health behavior such as alcohol consumption and smoking. These factors aggravate
comorbidity and mortality.42

There is insufficient evidence on the treatment of depression in chronic disease and its
effect on survival rates. In one randomized study, the risk of mortality was not significantly
different between depressed patients with the highest level of medical comorbidity and
depressed patients with minimal medical comorbidity, both receiving interventions, and
nondepressed patients receiving interventions showed a similar mortality risk to those two
groups.®3 This means that depression management can mitigate the combined effect of
multimorbidity and depression on mortality. Therefore, depression management should be
integral to optimal patient care.

https://doi.org/10.3346/jkms.2021.36.e99 8/Mm
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Our study has several limitations, mostly related to the KLoSA dataset we analyzed. First,
depressive symptoms were assessed in this study using only CESD-10, a symptom rating
scale. The dataset included a four-point-scale rather than the conventional two-point scale!8
usually used in South Korea, which may have weakened the validity of findings. And the
cut-off level between mild depression and severe depression is not established. It is a value

Combined Effects of Depression and Chronic Disease on Mortality

that to classify the severity of depression to indicate the relationship between depression
and multimorbidity. Furthermore, all the factors related to depression may not have been
considered. Second, data collection was based on self-report, which is a standard practice

in community studies, but there is a possibility of inaccuracy and subjectivity. Data were
collected on limited variables through questionnaires — multiple factors could have been
involved in depression, chronic disease, and risk of mortality. So, it is hard to generalize the
findings to a more specific population (e.g., inpatient). Third, we did not consider the weight
of relatively serious diseases such as cancer, cardiovascular disease, or stroke. However, the
survey results were not significantly affected because of the low frequency of severe diseases.
Finally, we were unable to measure the changes in depressive symptoms, chronic diseases,
and other variables throughout the follow-up period because the 2006 baseline data were
cross-sectional data.

Our study has some strengths. The sample size is large, and the follow-up period is relatively
long compared with that in other studies. The outcome showed significant results for the
general population in Korea and not for specific disease groups such as cardiovascular
disease patients.

This study analyzed the combined effect of depression and multimorbidity on all-cause
mortality using data from a 10-year cohort of the KLoSA. This study showed that individuals
with coexisting multimorbidity and depression are at an increased risk of all-cause mortality
compared with those with chronic disease or depression alone. Chronic disease and
depression are independent factors that increase the risk of death, and a combination of
these two diseases can be a strong predictor of mortality. Therefore, depression should

be recognized as a risk factor for worse prognosis of chronic disease and patients with
multimorbidity and severe depression must be provided integrated assessment and treatment.
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