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ABSTRACT

Keywords: Objectives: To investigate the association of depressive mood and frailty with mortality and health care
Older D?OPIE utilization (HCU) and identify the coexisting effect of depressive mood and frailty in older adults.
‘fjeF_’IFtESS‘OH Design: A retrospective study using nationwide longitudinal cohort data.

railty

Setting and Participants: A total of 27,818 older adults age 66 years from the National Screening Program for
Transitional Ages between 2007 and 2008, part of the National Health Insurance Service—Senior cohort.
Methods: Depressive mood and frailty were measured by the Geriatric Depression Scale and Timed Up
and Go test, respectively. Outcomes were mortality and HCU, including long-term care services (LTCS),
hospital admissions, and total length of stay (LOS) from the index date to December 31, 2015. Cox
proportional hazards regression and zero-inflated negative binomial regression were performed to
identify differences in outcomes by depressive mood and frailty.
Results: Participants with depressive mood and frailty represented 50.9% and 2.4%, respectively. The preva-
lence of mortality and LTCS use in the overall participants was 7.1% and 3.0%, respectively. More than 3 hospital
admissions (36.7%) and total LOS above 15 days (53.2%) were the most common. Depressive mood was
associated with LTCS use [hazard ratio (HR) 1.22, 95% confidence interval (CI) 1.05—1.42] and hospital ad-
missions [incidence rate ratio (IRR) 1.05, 95% CI 1.02—1.08]. Frailty had associations with mortality risk (HR
1.96, 95% CI 1.44—2.68), LTCS use (HR 4.86, 95% CI 3.45—6.84), and LOS (IRR 1.30, 95% CI 1.06—1.60). The
coexistence of depressive mood and frailty was associated with increased LOS (IRR 1.55, 95% CI 1.16—2.07).
Conclusions and Implications: Our findings highlight the need to focus on depressive mood and frailty to
reduce mortality and HCU. Identifying combined problems in older adults may contribute to healthy
aging by reducing adverse health outcomes and the burden of health care costs.
© 2023 The Authors. Published by Elsevier Inc. on behalf of AMDA — The Society for Post-Acute and
Long-Term Care Medicine. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

mortality
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Health-related problems in older adults have become more frailty, particularly, cause distress and burden.' The prevalence of
apparent with the increase in the aging population. Depression and depression in older adults was estimated to be 9.3%—31.7% globally,>*
and 13.87%—18.36% in South Korea, increasing with age.* Moreover,

frailty negatively affects older adults’ health, mobility, and quality of
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Depression and frailty, prevalent in the older adult population,
negatively affect health. In previous studies, mortality risk was
associated with depression'>'* and frailty.">'® Furthermore, health
care utilization (HCU) was likely to increase owing to depression'”'®
and frailty.!” Recent studies investigating the effects of depression
and frailty on mortality and HCU have been conducted indepen-
dently. However, depression and frailty are not clearly distinct
concepts but have similar and mutually influencing relationships.
The prevalence of the co-occurrence of depression and frailty among
older adults was found to be 16.4%—31.0%2° Further, a
cross-sectional study identified a positive correlation between
depression and frailty in community-dwelling older adults.”’ A
meta-analysis also demonstrated that older adults with frailty were
4.42 times more at risk of depression than those without; those with
depression had a 4.07 times higher risk of frailty compared with
those without.?” Depression and frailty in older adults have common
pathophysiological mechanisms such as subclinical cerebrovascular
disease, chronic inflammation, hypothalamic-pituitary-adrenal axis
dysregulation, and accelerated cellular aging.’® Furthermore, a
combination of the 2 symptoms has been associated with increased
mortality risk in older adults.??

Despite the importance of the combined effects of depressive
mood and frailty, the coexisting effect of these 2 symptoms on mor-
tality and HCU has not yet been fully investigated. Therefore, we
aimed to investigate the association of depressive mood and frailty
with mortality and HCU in older adults. Furthermore, we aimed to
assess the coexisting effect of older adults’ depressive mood and frailty
on mortality and HCU using nationwide longitudinal cohort data of
South Korea.
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Methods
Data Source

The data were obtained from the National Health Insurance Service
(NHIS)—Senior cohort, a nationwide administrative retrospective
study in South Korea.?* The NHIS—Senior cohort comprised 558,147
participants age 60 years or older selected by 10% random sampling in
2002, followed up until 2015. This cohort included eligibility, health
screening, HCU, health care provider, and long-term care insurance
databases. In addition, the health screening database contains the
National Screening Program for Transitional Ages (NSPTA), which
targets people age 40 years or 66 years.>> As the NHIS—Senior cohort
was targeted at older adults, only the NSPTA for those age 66 years
from 2007 to 2008 was included in this data. This study was approved
by the Institutional Review Board of the Yonsei University Health
System (number 4-2022-0896) with a waiver of informed consent.

Study Population

The participant selection process is shown in Figure 1. Among the
NHIS—Senior cohort (n = 558,147), those who did not participate in
the NSPTA during 2007—2008 (n = 516,015) were excluded. Subse-
quently, participants who did not respond to questions pertaining to
depressive mood and frailty (n = 9697) and covariates (n = 4604)
were excluded. Those who died or initiated long-term care services
(LTCS) on or before the index date, defined as the day of health
screening, were also excluded (n = 13). Finally, 27,818 participants
were included.

NHIS—-Senior database
(n=558,147)

Exclusion (n = 516,015)
Did not take part in (NSPTA) between 2007 and

2008

R

(n=42,132)

Individuals in NSPTA between 2007 and 2008

Exclusion (n=14,314)
Did not respond about depressive mood and
frailty (n =9,697)

Did not respond about covariates (n = 4,604)
Died or initiated long-term care services on or
before the index date (n = 13)

(n=27,818)

Final study individuals for analysis

Depressive mood
group

Frailty group

Yes No
(n = 14,146,50.9%) (n= 13,672, 49.1%)

[ J

Yes

(n =669, 2.4%)

No
(n=27,149, 97.6%)
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Fig. 1. Flow chart of the participant selection process.
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Definition of Depressive Mood and Frailty

Depressive mood was classified according to 3 items from the
Geriatric Depression Scale.?® Participants who answered “yes” to one
or more items were considered to experience depressive mood. Frailty
was distinguished by the TUG test as a physical aspect.!"!? Participants
in the NSPTA took the TUG test on the day of health screening. The
TUG test measured the time to get up from a chair, walk 3 meters, and
return to the chair; those exceeding 10 seconds were considered to
have frailty.

Covariates

Covariates included gender, residential region, health insurance
type, income level, and disability from the eligibility database. We also
assessed body mass index using height and weight, regular physical
activity, cognitive impairment screened by the Korean Dementia
Screening Questionnaire, and fall experience within 6 months from
the NSPTA database. In addition, the Charlson Comorbidity Index was
calculated by the International Classification of Diseases 10th revision
codes using the HCU database within one year of the index date.?”?®

Outcome Variables

The outcome variables were mortality and HCU from the index
date to December 31, 2015. Survival time was defined as the difference
between the index date and date of death. The HCU consisted of LTCS
and inpatient service utilization. In South Korea, LTCS are public ser-
vices operated by the NHIS, introduced in 2008.%° After classifying the
qualifications according to the care needs of older adults, benefits are
provided to receive services at home or in facilities according to the
grade*? LTCS utilization included the type of benefits and the period
until first use, calculated as the difference between the index date and
the start date of LTCS. Inpatient service utilization was defined as the
total number of hospital admissions and the total length of stay (LOS)
per participant.

Statistical Analyses

Descriptive statistics on the index date were performed using
means, standard deviations, frequencies, and percentages. Participant
characteristics on the index date according to depressive mood and
frailty groups were compared using the %2 test for categorical vari-
ables and the Wilcoxon rank sum test for continuous variables
because continuous variables were not normally distributed. To
compare mortality and LTCS utilization among the groups,
Kaplan—Meier survival curves, the log-rank test, and multivariate Cox
proportional hazards regression were performed. The proportional
hazards assumption was verified using log-log plots. Hazard ratios
(HRs) and 95% confidence intervals (CIs) were used to estimate the
risk of mortality and LTCS utilization between the groups. Multivariate
Cox proportional hazards regression was performed after adjusting for
covariates. In this study, the number of hospital admissions and LOS
were forms of count data with highly skewed distributions and a high
proportion of zeros (approximately 25%). As over dispersion was
identified in the zero-inflated Poisson model, zero-inflated negative
binomial regression (ZINBR) was performed after adjusting for cova-
riates to compare the number of hospital admissions and LOS among
the groups. Incidence rate ratios (IRRs) and 95% Cls were used to es-
timate the risk of the number of hospital admissions and LOS. In
addition, to assess the interaction effect of depressive mood and frailty
on outcomes, multivariate Cox proportional hazards regression and
ZINBR were conducted by adding the interaction term of these 2
variables. Statistical significance was set at P < .05. All statistical an-
alyses were performed using SAS v 9.4 (SAS Institute Inc).

Results

Participant general characteristics on the index date are shown in
Table 1. A total of 27,818 participants were classified according to their
depressive mood or frailty., Among the participants, those with
depressive mood or frailty totaled 14,146 (50.9%) and 669 (2.4%),
respectively. More than one-half of the participants were women;
most were insured and had no disabilities. More than 50% of the
participants participated in regular physical activity. Of the partici-
pants, 22.3% had cognitive impairment, and 14.2% had experienced a
fall during the last six months. The mean Charlson Comorbidity Index
was 1.08 + 1.29.

In addition, Table 1 shows mortality and HCU, the outcomes of this
study, during the follow-up period. The overall mortality was 7.1%,
while that for participants with frailty was 14.2%, significantly higher
than the mortality for those without frailty. Regarding HCU, 3.0% of the
participants utilized LTCS, and 89.4% received in-home benefits. Par-
ticipants with frailty had the highest proportion of LTCS use (16.3%). Of
the participants, 25.6% had never been hospitalized; those with 1, 2,
and more than 3 hospital admissions represented 20.4%, 17.2%, and
36.7%, respectively. Among participants who experienced hospital
admissions, the proportion of those with a total LOS of 15 or more days
was the highest (53.2%). Except for mortality according to depressive
mood, outcomes showed statistically significant differences depend-
ing on whether participants had depressive mood or frailty (P < .05).

Regarding mortality, the survival rate decreased in participants
with frailty (log-rank P <.001; Figure 2B). For LTCS utilization, survival
curves showed that participants with depressive mood or frailty had a
higher cumulative incidence than those without (log-rank P < .001;
Figure 3).

Multivariate Cox proportional hazards regression analyses were
performed for mortality and LTCS after adjusting for covariates
(Table 2). Participants with frailty had a higher mortality risk (HR =
1.96, 95% CI 1.44—2.68) than those without frailty. In contrast, mor-
tality risk among those with depressive mood (P = .61) or both
conditions (P =.68) was not significant. The risk of LTCS utilization in
participants with depressive mood (HR = 1.22, 95% CI, 1.05—1.42) or
frailty (HR = 4.86, 95% CI 3.45—6.84) was significantly higher than in
those without. However, the interaction between depressive mood
and frailty was not statistically significant for LTCS use (P = .45).

Multivariate ZINBR analyses were also conducted for the number
of hospital admissions and total LOS (Table 2). The rate of hospital
admissions among participants with depressive mood was 1.05 times
higher than among those without (95% CI 1.02—1.08). The total LOS
among participants with frailty was 1.30 times higher than among
those without (95% CI 1.06—1.60). In addition, the total LOS among
those with both depressive mood and frailty was 1.55 times higher
(95% CI 1.16—2.07).

Discussion

The current study was designed to investigate the effect of the
association between depressive mood and frailty on mortality and
HCU for older adults age 66 years using 8-year South Korean national
longitudinal cohort data. In this study, participants were community-
dwelling older adults who participated in the NSPTA at age 66 years.”*
As these people voluntarily visited clinics, hospitals, and public health
centers for health screening,?” they could be considered a relatively
healthy population. Therefore, the results can contribute to healthy
aging as risks of mortality and HCU were observed for 8 years by
reflecting baseline characteristics including depressive mood and
frailty among 66-year-olds.

Regarding their characteristics, older adults with depressive mood
and frailty accounted for 50.9% and 2.4% of participants, respectively.
The prevalence rates of depressive mood and frailty in this study were
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Table 1
General Characteristics and Outcomes of the Participants (N = 27,818)
Total Depressive Mood Frailty
Yes No P value*® Yes No P value*®

Participants 27818 (100.0) 14146 (50.9) 13672 (49.1) 669 (2.4) 27,149 (97.6)

Gender
Men 13123 (47.2) 6440 (45.5) 6683 (48.9) <.001 276 (41.3) 12,847 (47.3) <.001
Women 14695 (52.8) 7706 (54.5) 6989 (51.1) 393 (58.7) 14,302 (52.7)

Residential region
Capital city 5755 (20.7) 3078 (21.8) 2677 (19.6) <.001 83 (12.4) 5672 (20.9) <.001
Metropolitan 7155 (25.7) 3678 (26.0) 3477 (25.4) 179 (26.8) 6976 (25.7)

Others 14908 (53.6) 7390 (52.2) 7518 (55.0) 407 (60.8) 14,501 (53.4)

Health insurance type
Self-employed/employee insured 27485 (98.8) 13997 (98.9) 13488 (98.7) .020 655 (97.9) 26,830 (98.8) .030
Medical aid 333(1.2) 149 (1.1) 184 (1.3) 14 (2.1) 319(1.2)

Income levels (percentile)
<20t 4774 (17.2) 2327 (16.4) 2447 (17.9) <.001 112 (16.7) 4662 (17.2) 11
21st—50th 5512 (19.8) 2707 (19.1) 2805 (20.5) 141 (21.1) 5371 (19.8)
51st—80th 8836 (31.8) 4550 (32.2) 4286 (31.3) 233 (34.8) 8603 (31.7)
81st—100th 8696 (31.3) 4562 (32.2) 4134 (30.2) 183 (27.4) 8513 (31.4)

Disability
Yes 43(0.2) 21(0.1) 22 (0.2) .79 4 (0.6) 39(0.1) <.001
No 27775 (99.8) 14125 (99.9) 13650 (99.8) 665 (99.4) 27,110 (99.9)

BMI (kg/m?) 24.22 +2.99 24.26 + 3.02 24.19 £ 2.95 .07 24.51 +£3.36 2422 +£2.98 .10
<23 9531 (34.3) 4826 (34.1) 4705 (34.4) 33 227 (33.9) 9304 (34.3) .19
23-24.9 7759 (27.9) 3908 (27.6) 3851 (28.2) 169 (25.3) 7590 (28.0)
>25 10528 (37.8) 5412 (38.3) 5116 (37.4) 273 (40.8) 10,255 (37.8)

Regular physical activity
Yes 15898 (57.2) 7693 (54.4) 8205 (60.0) <.001 335(50.1) 15,563 (57.3) <.001
No 11920 (42.8) 6453 (45.6) 5467 (40.0) 334 (49.9) 11,586 (42.7)

Cognitive impairment
Yes 6216 (22.3) 2772 (19.6) 3444 (25.2) <.001 201 (30.0) 6015 (22.2) <.001
No 21602 (77.7) 11374 (80.4) 10228 (74.8) 468 (70.0) 21,134 (77.8)

Fall in 6 months
Yes 3952 (14.2) 2499 (17.7) 1453 (10.6) <.001 144 (21.5) 3808 (14.0) <.001
No 23866 (85.8) 11647 (82.3) 12219 (89.4) 525 (78.5) 23,341 (86.0)

CClof 1y! 1.08 + 1.29 1.12 £ 1.30 1.05 + 1.27 <.001 1.53 £ 1.59 1.07 + 1.28 <.001
0 11312 (40.7) 5552 (39.2) 5760 (42.1) <.001 206 (30.8) 11,106 (40.9) <.001
1 8754 (31.5) 4487 (31.7) 4267 (31.2) 199 (29.7) 8555 (31.5)

2 4367 (15.7) 2300 (16.3) 2067 (15.1) 111 (16.6) 4256 (15.7)
>3 3385 (12.2) 1807 (12.8) 1578 (11.5) 153 (22.9) 3232(11.9)
Outcomes'
Mortality 1973 (7.1) 1038 (7.3) 935 (6.8) 11 95 (14.2) 1878 (6.9) <.001
Health care utilization
LTCS 834 (3.0) 488 (3.4) 346 (2.5) <.001 109 (16.3) 725 (2.7) <.001
Facility benefits 88 (10.6) 44 (9.0) 44 (12.7) 12 (11.0) 76 (10.5)
In-home benefits 746 (89.4) 444 (91.0) 302 (87.3) 97 (89.0) 649 (89.5)
Number of hospital admissions
0 7132 (25.6) 3486 (24.6) 3646 (26.7) <.001 152 (22.7) 6980 (25.7) <.001
1 5678 (20.4) 2826 (20.0) 2852 (20.9) 114 (17.0) 5564 (20.5)
2 4786 (17.2) 2441 (17.3) 2345 (17.2) 114 (17.0) 4672 (17.2)
>3 10222 (36.7) 5393 (38.1) 4829 (35.3) 289 (43.2) 9933 (36.6)
Total length of stay (d)
0-7 6422 (31.0) 3230 (30.3) 3192 (31.8) .013 109 (21.1) 6313 (31.3) <.001
8—14 3253 (15.7) 1651 (15.5) 1602 (16.0) 72 (13.9) 3181 (15.8)
>15 11011 (53.2) 5779 (54.2) 5232 (52.2) 336 (65.0) 10,675 (52.9)

BMI, body mass index; CCI, Charlson Comorbidity Index.

The results are reported as number (%) for categorical variables or mean =+ standard deviation for continuous variables.
*P value as %2 test for categorical variables or Wilcoxon rank sum test for continuous variables.

fCalculated within 1 year of the index date.
‘During the 8-year follow-up period.
SParticipants who experienced hospital admissions (n = 20,686) are included.

different from those found in other studies in South Korea.**! In this
study, depressive mood was screened using the 3 items of the Geri-
atric Depression Scale; the prevalence was higher than in Kim et al.,*
which reported a 13.87% prevalence of depression diagnosed using the
International Classification of Diseases 10th revision codes in older
adults age 60—79 years. Meanwhile, the prevalence of frailty, classified
as a physical aspect using the TUG test, was relatively lower than in
Jung et al’! who reported a 7.5% prevalence of frailty classified based
on 5 frailty phenotypes'® in healthy community-dwelling older adults
age 70—84 years. Considering these characteristics, it is necessary to

pay attention to the interpretation of the findings and direct com-
parisons with other studies.

Our results indicate that older adults with frailty had a high risk of
mortality after adjusting for covariates. Those with depressive mood
or frailty also had a high risk of LTCS utilization. Furthermore,
depressive mood was associated with the number of hospital admis-
sions. In addition, frailty and the coexistence of depressive mood and
frailty were significantly associated with the total LOS.

Our results found that the risk of mortality in older adults with
frailty classified by the TUG test was 1.96 times higher than in those
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Fig. 2. Kaplan-Meier curves for mortality according to (A) depressive mood and (B) frailty during the 8-year follow-up period.

without. Kojima et al®’ conducted a systematic review and meta-
analysis and showed an association between frailty and mortality.
Similarly, we reaffirmed a significant association between them. These
findings are similar to those of a Peruvian cohort study, which indi-
cated that the slower the time on the TUG test, the higher the mor-
tality risk.>> Frailty has been identified as a risk factor affecting
mortality in various settings, including community and hospital.!>®
Moreover, frailty has been associated with appetite loss, malnutri-
tion, sarcopenia, and multimorbidity,>*° indicating that these in-
crease the risk of mortality by reducing physical activity and
functional capacity.’” These findings suggest that screening for frailty
using the TUG test and providing population-level frailty management
interventions may reduce older adults’ mortality.

In the present study, depressive mood and frailty were found to be
significant risk factors for LTCS use in HCU. Older adults with
depressive mood had a 1.22 times higher risk of LTCS use, slightly
lower than in a study in Belgium that found older adults with
depression at a 1.45 times higher risk of LTCS use.*® In this Belgian
study, the mean age of participants was 73.9—80.1 years, higher than
in our study.*® As depressive symptoms are associated with a decrease
in functional status, depressed older adults are more likely to have
greater care needs>>*’; this may affect the high risk of LTCS use.
Notably, our findings highlight that older adults with frailty had a 4.86
times higher risk of using LTCS for 8 years. These findings show a
slightly higher LTCS risk than a study in Australia that conducted

A

0.20

Yes
- — = No

0.10 Log-rank P value <.001

Incidence probability

0.00

Time (years)

Yes 14146 14103 14036 13981 13927 13878 13812 13745 8212
No 13672 13653 13614 13583 13550 13518 13457 13385 1766

various measurements of frailty in 2087 older adults (HR 3.2—4.1).*' A
possible explanation could be that LTCS in the present study included
in-home benefits, whereas previous studies in other countries
included only the use of LTCS facilities.>®*! In addition, frailty has been
indicated to limit functional ability, exacerbate difficulty performing
activities of daily living, and increase dependence,**> which may be
associated with the increased use of LTCS in older adults. Therefore, it
is necessary to screen and manage those at high risk of LTCS use by
considering depressive mood and frailty among community-dwelling
older adults.

There have been inconsistent results on the influence of older
adults’ depressive mood or frailty on hospitalization, including the
number of hospital admissions and LOS. In the case of depressive
mood, Williams et al** reported that there was no significant associ-
ation between depression and increased hospitalizations among
cancer survivors age 65 years or older. In this study, although
depressive mood was not significantly associated with the total LOS, it
was significantly associated with the number of hospital admissions
over 8 years. The results of this study show a similarity to those found
in previous studies on the association between depressive mood and
hospitalization.”'® An increase in hospitalization might be explained
by the tendency of older adults with depressive mood to experience
more psychosomatic symptoms and their association with various
comorbidities.'® Regarding frailty, our results showed that it was not
significantly associated with hospital admission but with an increase
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Fig. 3. Kaplan-Meier curves for long-term care services use according to (A) depressive mood and (B) frailty during the 8-year follow-up period.
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Table 2

Adjusted Associations of Depressive Mood and Frailty With Mortality and Health Care Utilization

Mortality Health Care Utilization
Long-term Care Services Number of Hospital Total Length of Stay
Admissions
HR (95% CI) P Value HR (95% CI) P Value IRR (95% CI) P Value IRR (95% CI) P Value
Depressive mood 1.02 (0.93, 1.12) .61 1.22 (1.05, 1.42) .009 1.05 (1.02, 1.08) <.001 1.04 (0.99, 1.09) .09
Frailty 1.96 (1.44, 2.68) <.001 4.86 (345, 6.84) <.001 1.09 (0.96, 1.24) 16 1.30 (1.06, 1.60) 013
Depressive mood* frailty 0.92 (0.61, 1.39) 68 1.18 (0.77, 1.80) 45 1.07 (0.90, 1.27) 42 1.55 (1.16, 2.07) 003

Gender, residential region, income levels, disability, body mass index, regular physical activity, cognitive impairment, falls in the past 6 months, and Charlson Comorbidity

Index for the past one year were adjusted.
*Indicating interaction between depressive mood and frailty.

in the total LOS. Several studies support a significant association be-
tween frailty and hospitalization among older adults,'>** which could
be explained by the fact that frailty is related to disability and
comorbidities.*> Considering our findings, further studies are sug-
gested to identify the associations between depressive mood and
frailty and hospitalization.

Notably, this study demonstrates a significant association between
the coexistence of depressive mood and frailty and an increase in the
LOS in older adults. Compared with older adults with frailty (IRR =
1.30), the risk for a prolonged LOS in those with a coexistence of
depressive mood and frailty was higher (IRR = 1.55). These findings
are similar to those of recent studies that reported significant asso-
ciations between the coexistence of these 2 variables and LOS among
kidney transplant recipients*® and older adults who underwent spinal
surgery.*’ This seems that disability in both psychological and func-
tional status affects older adults’ increased LOS, which causes an in-
crease in the burden of health care costs. Therefore, the burden of
health care costs for the entire medical system may be reduced by
identifying older adults with coexisting depressive mood and frailty
through a screening program in the early stage of older adulthood and
providing them with interventions.

This study had several limitations. First, we used depressive mood
instead of clinically diagnosed depression as older adults with
depression tended to be underdiagnosed in South Korea.*® For this
reason, there may be different characteristics between participants in
this study and those diagnosed with depression in hospitals. Hence, it
is necessary to interpret and compare results carefully by dis-
tinguishing between depressive mood and depression. Second,
because the data used did not have any specific measurement for
frailty, we regarded frailty as a case where the result of the TUG test
exceeded 10 seconds.'"'? There is, thus, the possibility of frailty having
been overestimated because it was defined as a single criterion related
to the physical domain. There are various measurements and aspects
related to frailty, such as cognitive and social as well as physical
frailty.®4%> Therefore, future studies should consider these aspects of
frailty. Third, we investigated mortality and HCU for all causes without
distinguishing a specific cause. This has the potential to weaken the
causal relationship between the independent variable and outcomes.
Therefore, further studies should confirm disease-specific as well as
all-cause outcomes. Finally, the data analyzed in this study had a
temporal difference from the current point in time. As the
NHIS—Senior cohort data we used were followed up from 2007 to
2015, care should be taken in interpreting the results.

Conclusions and Implications

During a relatively long follow-up period of 8 years, depressive
mood was significantly associated with LTCS use as well as the number
of hospital admissions. Frailty had a significant association with a high
risk of mortality, LTCS use, and total LOS. Moreover, the coexistence of
depressive mood and frailty was significantly associated with

increased LOS. Our findings highlight the need for researchers and
health care providers to pay attention to depressive mood that affects
HCU and frailty that affects mortality and HCU in the early stages of
older adulthood. Furthermore, we suggest that identifying depressive
mood and frailty in community-dwelling young older adults may
contribute to healthy aging by reducing adverse health outcomes and
burdens of health care costs.

Acknowledgments

The authors acknowledge the National Health Insurance Service in
Korea for their cooperation in using their data.

References

1. Mayerl H, Stolz E, Freidl W. Frailty and depression: reciprocal influences or
common causes? Soc Sci Med. 2020;263:113273.

2. Sjoberg L, Karlsson B, Atti AR, et al. Prevalence of depression: comparisons of
different depression definitions in population-based samples of older adults.
J Affect Disord. 2017;221:123—131.

3. Zenebe Y, Akele B, M WS, Necho M. Prevalence and determinants of depression
among old age: a systematic review and meta-analysis. Ann Gen Psychiatry.
2021;20:1-19.

4. Kim GE, Jo MW, Shin YW. Increased prevalence of depression in South Korea
from 2002 to 2013. Sci Rep. 2020;10:16979.

5. Kim M]J, Park S, Jung YI, et al. Exploring health-related quality of life and frailty
in older adults based on the Korean Frailty and Aging Cohort Study. Qual Life
Res. 2020;29:2911-2919.

6. Sanchez-Garcia S, Garcia-Pena C, Salva A, et al. Frailty in community-dwelling
older adults: association with adverse outcomes. Clin Interv Aging. 2017;12:
1003—-1011.

7. O’Caoimh R, Sezgin D, O'Donovan MR, et al. Prevalence of frailty in 62 countries
across the world: a systematic review and meta-analysis of population-level
studies. Age Ageing. 2021;50:96—104.

8. Kim KJ, Shin J, Choi J, Won CW. Discrepancies in the prevalence of known frailty
scales: Korean Frailty and Aging Cohort Study. Ann Geriatr Med Res. 2018;22:
137-144.

9. Strandberg TE, Pitkdld KH, Tilvis RS. Frailty in older people. Eur Geriatr Med.
2011;2:344-355.

10. Fried LP, Tangen CM, Walston ], et al. Frailty in older adults: evidence for a
phenotype. J Gerontol A Biol Sci Med Sci. 2001;56:M146—M157.

11. Greene BR, Doheny EP, O’'Halloran A, Kenny RA. Frailty status can be accurately
assessed using inertial sensors and the TUG test. Age Ageing. 2014;43:406—411.

12. Filippin LI, Miraglia F, Leite JCC, et al. Identifying frailty syndrome with TUG test
in home-dwelling elderly. Geriatr Gerontol Aging. 2017;11:80—87.

13. Hamer M, Bates CJ, Mishra GD. Depression, physical function, and risk of
mortality: National Diet and Nutrition Survey in adults older than 65 years. Am
J Geriatr Psychiatry. 2011;19:72—78.

14. Wicke FS, Ernst M, Otten D, et al. The association of depression and all-cause
mortality: explanatory factors and the influence of gender. | Affect Disord.
2022;303:315—-322.

15. Cunha AIL, Veronese N, de Melo Borges S, Ricci NA. Frailty as a predictor of
adverse outcomes in hospitalized older adults: a systematic review and meta-
analysis. Ageing Res Rev. 2019;56:100960.

16. Gobbens R]JJ, van Assen M, Augustijn H, et al. Prediction of mortality by the
Tilburg Frailty Indicator (TFI). ] Am Med Dir Assoc. 2021;22:607.e1—607.e6.

17. Robinson RL, Grabner M, Palli SR, et al. Covariates of depression and high
utilizers of healthcare: impact on resource use and costs. | Psychosom Res.
2016;85:35—43.

18. Rajan S, Rathod SD, Luitel NP, et al. Healthcare utilization and out-of-pocket
expenditures associated with depression in adults: a cross-sectional analysis
in Nepal. BMC Health Serv Res. 2020;20:250.


http://refhub.elsevier.com/S1525-8610(23)00103-2/sref1
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref1
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref2
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref2
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref2
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref2
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref3
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref3
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref3
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref3
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref4
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref4
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref5
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref5
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref5
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref5
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref6
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref6
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref6
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref6
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref7
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref7
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref7
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref7
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref8
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref8
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref8
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref8
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref9
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref9
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref9
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref10
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref10
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref10
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref11
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref11
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref11
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref12
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref12
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref12
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref13
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref13
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref13
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref13
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref14
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref14
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref14
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref14
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref15
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref15
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref15
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref16
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref16
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref16
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref17
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref17
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref17
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref17
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref18
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref18
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref18

510

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Y. Kim et al. / JAMDA 24 (2023) 504—510

Bock JO, Konig HH, Brenner H, et al. Associations of frailty with health care
costs—results of the ESTHER cohort study. BMIC Health Serv Res. 2016;16:1—-11.
Vaughan L, Corbin AL, Goveas JS. Depression and frailty in later life: a sys-
tematic review. Clin Interv Aging. 2015;10:1947—1958.

Jin Y, Si H, Qiao X, et al. Relationship between frailty and depression among
community-dwelling older adults: the mediating and moderating role of social
support. Gerontol. 2020;60:1466—1475.

Soysal P, Veronese N, Thompson T, et al. Relationship between depression and
frailty in older adults: a systematic review and meta-analysis. Ageing Res Rev.
2017;36:78—87.

Brown PJ, Roose SP, Fieo R, et al. Frailty and depression in older adults: a high-
risk clinical population. Am J Geriatr Psychiatry. 2014;22:1083—1095.

Kim YI, Kim YY, Yoon JL, et al. Cohort profile: National health insurance service-
senior (NHIS-senior) cohort in Korea. BMJ Open. 2019;9:e024344.

Kim HS, Shin DW, Lee WC, et al. National Screening Program for Transitional
Ages in Korea: a new screening for strengthening primary prevention and
follow-up care. | Korean Med Sci. 2012;27(Suppl):S70—S75.

Bae JN, Cho MJ. Development of the Korean version of the Geriatric Depression
Scale and its short form among elderly psychiatric patients. ] Psychosom Res.
2004;57:297-305.

Quan H, Sundararajan V, Halfon P, et al. Coding algorithms for defining
comorbidities in I[CD-9-CM and ICD-10 administrative data. Med Care. 2005;43:
1130-1139.

Quan H, Li B, Couris CM, et al. Updating and validating the Charlson Comor-
bidity Index and score for risk adjustment in hospital discharge abstracts using
data from 6 countries. Am J Epidemiol. 2011;173:676—682.

Kim H, Kwon S. A decade of public long-term care insurance in South Korea:
policy lessons for aging countries. Health Policy. 2021;125:22—26.

Kim H, Kwon S, Yoon NH, Hyun KR. Utilization of long-term care services under
the public long-term care insurance program in Korea: implications of a sub-
sidy policy. Health Pol. 2013;111:166—174.

Jung HW, Kim S, Jang 1Y, et al. Screening value of timed up and go test for frailty
and low physical performance in Korean older population: the Korean Frailty
and Aging Cohort Study (KFACS). Ann Geriatr Med Res. 2020;24:259—266.
Kojima G, lliffe S, Walters K. Frailty index as a predictor of mortality: a sys-
tematic review and meta-analysis. Age Ageing. 2018;47:193—200.

Ascencio EJ, Cieza-Gomez GD, Carrillo-Larco RM, Ortiz PJ. Timed up and go test
predicts mortality in older adults in Peru: a population-based cohort study.
BMC Geriatr. 2022;22:61.

Grabovac I, Haider S, Mogg C, et al. Frailty status predicts all-cause and cause-
specific mortality in community dwelling older adults. ] Am Med Dir Assoc.
2019;20:1230—1235.

Jung H, Kim M, Lee Y, Won CW. Prevalence of physical frailty and its multi-
dimensional risk factors in Korean community-dwelling older adults: findings

36.

37.

38.

39.

40.

41.

42.
43.

44,

45,

46.

47.

48.

49.

50.

from Korean Frailty and Aging Cohort Study. Int | Environ Res Public Health.
2020;17:7883.

Hanlon P, Nicholl BI, Jani BD, et al. Frailty and pre-frailty in middle-aged and
older adults and its association with multimorbidity and mortality: a pro-
spective analysis of 493 737 UK Biobank participants. Lancet Public Health.
2018;3:e323—e332.

Chun S, Shin DW, Han K, et al. The timed up and go test and the ageing heart:
findings from a national health screening of 1,084,875 community-dwelling
older adults. Eur J Prev Cardiol. 2019;28:213—219.

Berete F, Demarest S, Charafeddine R, et al. Predictors of nursing home
admission in the older population in Belgium: a longitudinal follow-up of
health interview survey participants. BMC Geriatr. 2022;22:807.

Nakamura T, Michikawa T, Imamura H, et al. Relationship between depressive
symptoms and activity of daily living dependence in older Japanese: the Kur-
abuchi study. ] Am Geriatr Soc. 2017;65:2639—2645.

Kong D, Solomon P, Dong X. Depressive symptoms and onset of functional
disability over 2 years: a prospective cohort study. ] Am Geriatr Soc. 2019;67:
$538—-S544.

Widagdo IS, Pratt N, Russell M, Roughead EE. Predictive performance of four
frailty measures in an older Australian population. Age Ageing. 2015;44:
967-972.

Clegg A, Young ]. The frailty syndrome. Clin Med. 2011;11:72—-75.

Aarts S, Patel KV, Garcia ME, et al. Co-presence of multimorbidity and disability
with frailty: an examination of heterogeneity in the frail older population.
J Frailty Aging. 2015;4:131—138.

Williams GR, Dunham L, Chang Y, et al. Geriatric assessment predicts hospi-
talization frequency and long-term care use in older adult cancer survivors.
J Oncol Pract. 2019;15:e399—e4009.

Bandeen-Roche K, Seplaki CL, Huang ], et al. Frailty in older adults: a nationally
representative profile in the United States. J] Gerontol A Biol Sci Med Sci. 2015;
70:1427—-1434.

Konel JM, Warsame F, Ying H, et al. Depressive symptoms, frailty, and adverse
outcomes among kidney transplant recipients. Clin Transplant. 2018;32:
e13391.

Lee JY, Kim K], Kim CO, Lee KH. Relationship of the pre-operative compre-
hensive geriatric assessment to length of stay in Korean older adults under-
going spinal surgery. Aging Clin Exp Res. 2020;32:1137—1143.

Choi Y-J, Lee W-Y. The prevalence of suicidal ideation and depression among
primary care patients and current management in South Korea. Int ] Ment
Health Syst. 2017;11:18.

Hoogendijk EO, Afilalo J, Ensrud KE, et al. Frailty: implications for clinical
practice and public health. Lancet. 2019;394:1365—1375.

Dent E, Kowal P, Hoogendijk EO. Frailty measurement in research and clinical
practice: a review. Eur J Intern Med. 2016;31:3—10.


http://refhub.elsevier.com/S1525-8610(23)00103-2/sref19
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref19
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref19
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref19
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref20
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref20
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref20
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref21
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref21
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref21
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref21
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref22
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref22
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref22
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref22
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref23
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref23
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref23
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref24
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref24
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref25
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref25
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref25
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref25
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref26
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref26
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref26
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref26
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref27
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref27
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref27
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref27
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref28
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref28
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref28
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref28
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref29
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref29
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref29
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref30
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref30
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref30
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref30
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref31
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref31
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref31
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref31
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref32
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref32
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref32
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref33
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref33
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref33
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref34
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref34
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref34
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref34
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref35
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref35
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref35
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref35
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref36
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref36
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref36
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref36
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref36
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref37
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref37
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref37
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref37
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref38
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref38
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref38
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref39
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref39
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref39
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref39
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref40
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref40
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref40
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref40
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref41
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref41
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref41
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref41
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref42
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref42
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref43
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref43
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref43
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref43
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref44
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref44
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref44
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref44
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref45
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref45
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref45
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref45
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref46
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref46
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref46
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref47
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref47
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref47
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref47
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref48
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref48
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref48
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref49
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref49
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref49
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref50
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref50
http://refhub.elsevier.com/S1525-8610(23)00103-2/sref50

	Association of Depressive Mood and Frailty With Mortality and Health Care Utilization: Korean National Cohort Study
	Methods
	Data Source
	Study Population
	Definition of Depressive Mood and Frailty
	Covariates
	Outcome Variables
	Statistical Analyses

	Results
	Discussion
	Conclusions and Implications
	Acknowledgments
	References


