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Abstract

Objectives: Whether and how symptom clusters are associated with care utilization
remains understudied. This study aims to investigate the economic impact of
symptom clusters.

Methods: We conducted cross-sectional analyses of data collected from 3255 older
adults aged 60 years and over in Hong Kong using the Patient Health
Questionnaire-9 and the Client Service Receipt Inventory to measure depressive
symptoms and service utilization to calculate 1-year care expenditure. Based on
Research Domain Criteria framework, we categorized depressive symptoms into
four clusters: Negative Valance Systems and Externalizing (NVSE; anhedonia and
depression), Negative Valance Systems and Internalizing (guilt and self-harm),
Arousal and Regulatory Systems (sleep, fatigue, and appetite), and Cognitive and
Sensorimotor Systems (CSS; concentration and psychomotor). Two-part models
were used with four symptom clusters to estimate economic impacts on care
utilization.

Results: Core affective symptoms had the largest economic impact on non-
psychiatric care expenditure; a one-point increase in NVSE was associated with
USD$ 571 additional non-psychiatric care expenditure. The economic impacts of
CSS on non-psychiatric care expenditure was attenuated when the severity level of
NVSE was higher.

Conclusions: Our findings highlight the importance of understanding economic
impacts on care utilization based on symptom profiles with a particular emphasis on
symptom combinations. Policymakers should optimize care allocation based on
older adults' depressive symptom profiles rather than simply considering their

depression sum-score or the severity defined by cut-off points.
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Key points

e Whether and how symptom clusters are associated with care utilization remains
understudied
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symptom profiles

1 | INTRODUCTION

Depression is a heterogeneous mental health issue rather than a single
condition.>? The DSM-5 identifies nine symptoms of major depressive
disorder: (1) depressed mood, (2) anhedonia, (3) change in weight/
appetite, (4) insomnia/hypersomnia, (5) psychomotor agitation, (6) fa-
tigue, (7) feelings of worthlessness, (8) concentration difficulty, and (9)
recurrent suicidal ideation.® Depressed mood and anhedonia are core
symptoms and diagnostic criteria for major depressive disorder.
Recent studies have found that these nine symptoms differ from each
other in their relations with biological markers, risk factors,* and even
their response to prevention and treatment approaches.®

Depressive symptoms can be categorized into different symptom
clusters, such as somatic, cognitive, and affective symptoms.® Given the
heterogeneity of depression, most rating assessment tools, such as the
Patient Health Questionnaire (PHQ-9), are multifactorial and do not
measure one underlying construct.® Recently, there has been an
emerging effort to map nine items in the PHQ into the Research
Domain Criteria (RDoC) model,? a research initative developed by the
National Institute of Mental Health in the United States to conceptu-
alize mental disorder symptoms and diagnoses as dysfunctions of brain
circuitry that can be further linked to observable impairment.” The
RDoC has been considered a transformative initative to facilitate
health practitioners to better understand mechanisms underlying
mental disorders and optimize mental health interventions and care
resource allocation in public health.? Under the RDoC, depressive
symptoms includes Negative Valence Systems and Externalizing
(NVSE; anhedonia and depressed mood), Negative Valence Systems
and Internalizing (NVSI; guilt and self-harm), Arousal and Regulatory
Systems (ARS; sleep, fatigue, and appetite), and Cognitive and Senso-
rimotor Systems (CSS; concentration and psychomotor).2

Older adults with different symptom clusters may display various
care utilization patterns because different symptom clusters signal
different types of functional impairment. A previous study found that
individual depressive symptoms were differently associated with
different domains of psychosocial functioning (e.g., home manage-
ment, social activities) and that depressed mood and concentration
problems had the largest associations with functioning impairment.?
Furthermore, a recent study from Komulainen and colleagues found
that individual depressive symptoms were differently associated with
healthcare utilization®: people reporting more sleep problems and
fatigue had more frequent contacts with a medical doctor while
depressed mood was associated with psychiatric inpatient admission.
However, Komulainen et al.'s study was limited by its exclusive focus

e We found that the economic impact of four depressive symptom clusters and their in-
teractions were heterogeneous across the health, social, and rehabilitation care sectors

e Core affective symptoms had the largest economic impact on non-psychiatric care

e Policymakers should optimize care allocation, taking account of older adults' depressive

on healthcare and ignoring interaction effects of different
symptoms.10

So far, no study has attempted to examine economic impacts of
depressive symptom clusters and their interactions on healthcare/
social care utilization. Understanding of the associations between
symptom clusters and care utilization can provide an untapped
source of economic evidence and refine information for resource
allocation. Previous studies have found that depression is associ-
ated with higher total health costs, even after controlling other co-
morbid conditions.*"1® Most existing economic research has
estimated economic impacts of depression on healthcare utilization
using dimensional instruments (e.g., PHQ).1%2 The majority added up
severity scores for individual symptoms to create a sum-score and
classified individuals as depressed or not depressed or experiencing
different levels of severity based on cut-off values.'** This eco-
nomic evaluation practice assumes that depression is a single con-
dition, yielding equivalent economic impact on care utilization.

More than 10% of older adults in primary care settings in Hong
Kong show signs of clinically significant depression.> Older adults in
Hong Kong are inclined to express depressive symptoms in somatic

ilinesses,®

a phenomenon commonly observed in East Asian pop-
ulations.?” The current study investigated the heterogeneous eco-
nomic impact of depressive symptom clusters and their interaction
on healthcare/social care utilization/expenditure in Hong Kong. We
proposed following two research questions. First, how are depressive
symptom clusters based on the RDoC model (NVSE, NVSI, ARS, and
CSS) associated with healthcare, rehabilitation, and social care utili-
zation/expenditure? Second, since depressive mood and anhedonia
(NVSE) are core symptoms and correlated with other three symptom
clusters, how does the interaction between NVSE and other symptom

clusters (NVSI, ARS, and CSS) impact care expenditure?

2 | MATERIALS AND METHODS

2.1 | Sample

This study adopted a cross-sectional design in Hong Kong. Study data
were derived from 3430 community-dwelling Chinese older adults
collected between 2016 and 2019. Respondents were eligible if they
were (1) aged 60 years or older; and (2) having a score of >5 on the
PHQ-9, mild depression,*® or a PHQ-9 score lower than 5 and at least
one of the following self-reported (presence or absence) risk factors
for depression: loneliness, lack of social interaction, lack of
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meaningful/enjoyable activities, chronic pain, more than four chronic
diseases, or bereavement in past 2 years. The exclusion criteria
disability,
schizophrenia-spectrum disorder, bipolar disorder, Parkinson's dis-

included a known history of autism, intellectual
ease, or dementia. We used the Hong Kong Chinese version of
Montreal Cognitive Assessment 5-minute protocol (MoCA 5-min) to
assess potential respondents' cognition and excluded those who
scored below the cut-off scores for dementia.’’ Trained social

workers collected all data through face-to-face interviews.

2.2 | Measurement

2.2.1 | Service utilization

We focused on service utilization in three care settings: (1) health-
care, including psychiatric healthcare (inpatient and outpatient psy-
chiatric care, and community-based psychiatrists/psychiatric nurses)
and non-psychiatric healthcare (inpatient and outpatient general care,
and community-based general practitioners and nurses), (2) rehabili-
tation (day-hospital and occupational therapist consultation), and (3)
social care (professional social work, clinical psychology services, and
non-professional community support services). Since clinical psy-
chologists are members of multi-disciplinary professional teams in

29 clinical psy-

mental health-related social services in Hong Kong,
chology services were categorized into the social care sector.
Respondents' self-reported care utilization in the previous
3 months were measured using the Client Service Receipt Inventory
(CSRI).?Y A team of experienced researchers in health services
research and health economics fields adapted the CSRI for use in
Hong Kong that was piloted with a small sample of older persons in
Hong Kong before data collection. The annual care expenditure was
calculated by multiplying the volume of service usage and unit cost of
these services obtained from the government (2017/2018 prices) and
the major local private hospitals (Table S1). For instance, we calcu-
lated annual inpatient psychiatric expenditure by multiplying total
inpatient psychiatric days and this unit cost. All costs were converted

to US dollars using the official exchange rate.??

222 |
clusters

Depression and four depressive symptom

Depression was assessed using the validated Chinese version of the
PHQ-9.2%24 Respondents specified the frequency they had experienced
the nine DSM-5 depressive symptoms (anhedonia, depressed mood,
sleep problems, fatigue, appetite change, low self-esteem, concentra-
tion difficulties, psychomotor agitation, and suicidal ideation) in the
previous two weeks. Possible responses included O (not at all), 1 (several
days), 2 (more than half the days), and 3 (nearly every day). PHQ-9
scores range from O to 27, with conventional cut-off points of
5, 10, and 15 suggesting at-risk (PHQ-9 = 0-4), mild depression
(PHQ-9 = 5-9), clinically significant depressive symptoms (PHQ-
9 > 10), respectively.?>2 Cronbach's alpha in our sample was 0.71.

Based on the RDoC framework, we mapped nine items of the
PHQ-9 into four clusters, with anhedonia and depressed mood cate-
gorized to NVSE (range = 0-6), low self-esteem and suicidal ideation
to NVSI (range = 0-6), sleep problems, fatigue, and appetite change to
ARS (range = 0-9), and concentration difficulties, psychomotor
agitation to CSS (range = 0-6). A higher score indicates higher
severity on the corresponding symptom cluster. This categorization
has been tested in Confirmatory Factor Analysis (Table S2).

2.2.3 | Covariates

Control variables included sex, age, marital status, years of education,
poverty status (being a recipient of a means-tested welfare payment
vs. not), chronic conditions (with vs. without more than four condi-
tions), and cognitive function, measured using the Hong Kong Chinese
version of MoCA 5-min.'? Chronic conditions were assessed by a
single question about whether respondents had more than four
common chronic conditions (yes vs. no). We also controlled for a
previous diagnosis of depression/anxiety (yes vs. no), measured using
a single question about whether respondents had a previous diagnosis

of depression/anxiety.

2.3 | Data analyses

Descriptive analysis was conducted to summarize respondents'
characteristics and calculate their care utilization/expenditure. To
examine the association between four symptom clusters and care
expenditure, we used logistic regression to examine the effects of
four symptom clusters on the probability of utilization and then used
the generalized linear model (GLM) with the log link and the gamma
distribution to estimate effects on expenditure among those who
used services,?’ with all symptom clusters and covariates included in
models. The two-part model (TPM) was preferred because some re-
spondents did not use any health/rehabilitation/social care during the
previous three months and expenditure data were highly skewed.?®
Aligned with Manning and Mullahy's recommendations,?’ we exam-
ined the appropriateness of the error distribution assumption using
Park's test; the gamma distribution for the GLM was found to be
appropriate for this study. We included four symptom clusters in
TPMs to estimate the independent economic impacts of four symp-
tom clusters and controlled for sex, age, marital status, education,
chronic diseases, cognitive function, poverty status, and any previous
diagnosis of depression/anxiety. We then calculated the average
marginal effects (AMEs) of four symptom clusters on care expendi-
ture. AME estimates the change in care expenditure after changing
one point in a symptom cluster while holding all other variables
constant.®° This approach has been widely used in previous health
economic studies.®®2 We further included interaction terms
(NVSE*NVSI, NVSE*ARS and NVSE*CSS) in TPMs to examine inter-
action effects of NVSE and other three symptom clusters on care

expenditure.
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We used the twopm command for running TPM analysis?® and
obtained AMEs using margins command in Stata V15.1.28%2 The es-
timates of AMEs were bootstrapped 5000 times to obtain the con-
fidence interval (Cl). Because symptoms clusters are correlated with
each other, we performed multicollinearity diagnostics for both
regression analyses. The variance inflation factor did not exceed 2,
indicating no substantial multicollinearity. We used listwise deletion
to handle missing values (5.1%), resulting in a final sample of 3255

respondents.

2.4 | Sensitivity analysis

A previous diagnosis of depression/anxiety may relate to depressive
symptoms and cognitive functions, and inclusion of a previous diag-
nosis of depression/anxiety in the regression could underestimate of
the economic impacts of depressive symptom clusters. Thus, we re-
estimated the TPMs to check the robustness of the results without

controlling for the previous diagnosis of depression/anxiety.

3 | RESULTS

Table 1 presents respondents' demographic and socio-economic
characteristics. Most were women (78.7%), and 41.1% were mar-
ried. Their mean age was 76.8 years (SD = 8.2), and the average
length of education was 5.2 years (SD = 4.6). Slightly fewer than a
third received means-tested welfare benefits. The mean MoCA score
was 21.2 (SD = 4.6). Only 9.9% had more than four chronic diseases,
and 8.4% had a previous history of depression/anxiety. The average
PHQ-9 total score was 6.3 (SD = 4.0). There were 1006 respondents
(31%) at risk for depression, 1695 (52%) with mild depressive
symptoms, and 554 (17%) with clinically significant depressive
symptoms. Sleep problems, fatigue, depressed mood and anhedonia
were reported the most. ARS and NVSE were more reported among
the four symptom clusters, while NVSI and CSS were less reported.

Table 2 shows care utilization/expenditure; 86.0% had used any
care. In particular, 84.1% used healthcare, 10.8% used psychiatric
care, 82.4% used non-psychiatric healthcare, 6.6% used rehabilita-
tion, and 14.4% used social care. The average unadjusted annual total
care expenditure among all respondents was US$4408 (95%Cl:
3898-4918). Average psychiatric care expenditure was US$196
(95%Cl: 149-244), compared with US$3812 (95%Cl: 3321-4302) for
non-psychiatric healthcare. The average rehabilitation expenditure
was US$262 (95%Cl: 187-336), and the average social care expen-
diture was US$139 (95%Cl: 113-165).

Table 3 shows results of the logit regression on service utiliza-
tion, GLM analyses on care expenditure among those who used
services, and the AMEs based on the results in TPMs after controlling
for covariates. The economic impacts of four depressive symptom
clusters were heterogeneous. Respondents scoring high on NVSE
incurred a greater amount of non-psychiatric care expenditure

(B = 0.16, p < 0.001), leading to a greater amount of healthcare

(B = 0.15, p < 0.001) and overcall expenditure (8 = 0.13, p < 0.001).
Respondents scoring high on NVSE also had a greater likelihood of
psychiatric care use (odds ratio [OR] = 1.15, p < 0.01). Respondents
scoring high on NVSI were more likely to use psychiatric (OR = 1.32,
p < 0.001) and social care (OR = 1.24, p < 0.001). Those with high
scores on ARS were more likely to use non-psychiatric (OR = 1.13,
p < 0.001) and social care (OR = 1.06, p < 0.05). CSS symptoms were
associated with a greater likelihood of rehabilitation (OR = 1.28,
p < 0.001) and non-psychiatric care (OR = 1.13, p < 0.05), but a lower
likelihood of social care use (OR = 0.88, p < 0.05). No associations
were found between care expenditure and NVSI/ARS/CSS symptoms.

Table 3 also shows the AMEs of four depressive symptom clus-
ters. A one-point increase in NVSE was associated with USD$ 571
(95%Cl: 220-922) additional non-psychiatric care expenditure.
Similar patterns were also found in the healthcare and total care
expenditure. A one-point increase in NVSI was associated with USD$
52 additional psychiatric care expenditure, and a one-point increase
in ARS was associated with USD$ 15 additional social care expen-
diture. Also, a one-point increase in CSS is associated with an in-
crease of USD$ 75 in rehabilitation expenditure, but a reduction in
social care expenditure (USD$ —29).

Based on findings from Table 3, we added interaction terms
(NVSE*NVSI, NVSE*ARS, and NVSE*CSS) into the TMP for overall
care, healthcare, social and rehabilitation care, respectively. Only
significant interaction effects between NVSE and CSS on non-
psychiatric care were found. The association between CSS and non-
psychiatric care was positive when NVSE ranged from 0-3, but the
association became negative when NVSE ranged from 4-6 (Figure 1).

We re-examined the TPMs without controlling for a previous
diagnosis of depression/anxiety, and no substantial difference in re-
sults was found, compared to those controlling for a previous diag-
nosis of depression/anxiety.

4 | DISCUSSION

This is the first study to investigate association between depressive
symptom clusters, based on the RDoC model, and care utilization/
expenditure across a range of care settings. Our findings highlight the
heterogeneous economic impact of four depressive symptom clusters
and the combination of different depression symptom clusters.

Our study found that economic impacts of four depressive
symptom clusters was heterogeneous across health, social, and
rehabilitation care sectors.

First, we found that a one-point increase in NVSE was associated
with USD$ 571 (95% Cl: 220-922) additional non-psychiatric care
expenditure, the largest increase among four symptom clusters.
Previous studies found that older adults with higher severity of
anhedonia and depressed mood had more non-psychiatric hospital
admissions and re-admissions than those with lower severity.®*3°
Older adults are more likely to associate NVSE with physical pain
because bodily experience is regularly coupled with the expression

and experience of anhedonia and depressed mood, especially in Asian
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TABLE 1 Sample description (N = 3255)

Variables

Sociodemographic

Sex, N (%)
Female 2560 (78.65)
Male 695 (21.35)

Marital status, N (%)

Married 1339 (41.14)

Single/Widowed/Separated/Divorced 1916 (58.86)
Age (years; range = 60-99), mean (SD) 76.80 (8.20)
Education years (range = 0-21), mean (SD) 5.22 (4.60)

Poverty status, N (%)

Welfare recipients 975 (29.95)
Non-welfare recipients 2280 (70.05)
MoCA (range = 9.5-30), mean (SD) 21.19 (4.62)

Chronic diseases, N (%)
With four and more chronic diseases 323 (9.92)
With less than four chronic diseases 2932 (90.08)

A previous history of depression/anxiety, N (%)

Yes 272 (8.36)
No 2983 (91.64)
PHQ-9 (range 0-27), mean (SD) 6.34 (4.01)
At-risk (0-4) 1006 (31.00)
Mild depressive symptoms (5-9) 1695 (52.00)
Clinically significant depressive symptoms (>10) 554 (17.00)
Specific symptoms, mean (SD) 1. Anhedonia 0.86 (0.91)
2. Depressed mood 1.05 (0.91)
3. Sleep problems 1.40 (1.04)
4. Low energy 1.21 (0.94)
5. Appetite change 0.26 (0.61)
6. Low self-esteem 0.52 (0.8)
7. Concentration difficulties 0.63 (0.77)
8. Psychomotor 0.26 (0.56)
9. Suicidal ideation 0.21 (0.51)
Symptom clusters based on RDoC, mean (SD) Negative valence systems and externalizing (0-6) 1.91 (1.56)
Negative valence systems and internalizing (0-6) 0.73 (1.11)
Arousal and regulatory systems (0-9) 2.87 (1.82)
Cognitive and sensorimotor systems (0-6) 0.89 (1.05)

Note: MoCA, The Montreal Cognitive Assessment; PHQ-9, Patient Health Questionnaire-9; RDoC, Research Domain Criteria; SD, standard deviation.
*p < 0.05; **p < 0.01; ***p < 0.001.

culture.®® Therefore, higher severity of NVSE symptoms contributed aware of their depressed mood and anhedonia, they may stigmatize
to the increase in non-psychiatric care expenditure. Another possible or lack knowledge of mental illness,>” leading them to seek help
explanation is that even though Asian older populations may be mainly from the non-psychiatric care sector.
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TABLE 2 Care utilization and expenditures (N = 3255)

Utilization (counts), N (%)

All

Health care (A) 2738 (84.12)

Non-psychiatric care 2682 (82.4)

Psychiatric care 350 (10.75)
Rehabilitation (B) 216 (6.64)
Social care (C) 470 (14.44)

Total (A + B + C) 2798 (85.96)

Note: Cl, confident interval.

Second, we found that higher scores on NVSI resulted in greater
psychiatric care expenditure only. NVSI symptoms (e.g., suicidal
ideation) are an acute symptom cluster and mainly signal severe
depression, often requiring immediate clinical attention.*® Thus, older
adults with higher scores on NVSI symptoms may be immediately
identified and referred for psychiatric care.

Third, our study found that higher scores on ARS resulted in a
greater amount of social care expenditures only. Previous research
has linked somatic symptoms to poor physical health and a high
frequency of medical doctor consultations.’® Although our study
found that somatic symptoms were linked to a greater likelihood of
non-psychiatric care use, we found no significant association with
non-psychiatric care expenditure/marginal effects. Perhaps NVSE
explained away the association between somatic symptoms and non-
psychiatric care expenditure as we included all four symptom clusters
in models, and previous studies have shown that somatic symptoms
intensified depressed mood/anhedonia.3’ The association of somatic
symptoms with health concerns may be reflected in a higher fre-
quency of contacts with social workers in community care centers
providing community support services (e.g., health promotion, leisure,
and exercises) that enable older people to lead a healthy life. The
association of somatic symptoms with physical discomfort may also
be reflected in a higher frequency to seek help for home management
(e.g., meal delivery and housecleaning).*°

Fourth, our study found that the severity of CSS symptoms was
positively associated with rehabilitation care expenditure but nega-
tively linked with social care expenditure. Previous research has
shown that cognitive dysfunction is a key predictor of functional
limitation.** Older adults who score high on CSS may be referred to
rehabilitation services because the Hong Kong Hospital Authority
provides care for older adults with cognitive impairment and their
carers, including day rehabilitation training and day rehabilitation
services.*? In contrast, the association between a higher severity of
concentration and psychomotor problems with reduced social care
utilization may be reflected as respondents' withdrawal from social
activities and interaction.

We further found that effects of CSS on care expenditure
depended on the severity of core affective symptoms (NVSE) of
depression. High severity of both cognitive symptoms and NVSE was

linked to a smaller amount of non-psychiatric care expenditure than

Expenditure (USD$), mean (95% Cl)
All

4008 (3516, 4500)
3812 (3321, 4302)
196 (149, 244)
262 (187, 336)
139 (113, 165)
4408 (3898, 4918)

low severity of both cognitive symptoms and NVSE. Perhaps older
adults who scored high on CSS may have lower insight into their
conditions and low self-care capacity.*® Because they also scored
high on NVSE, they may have low motivation to do anything,
including help-seeking.** Presentation of cognitive symptoms can
lead to the assumption of dementia; in Hong Kong, diagnostic ser-
vices are limited, thus people might not have reached the healthcare
system yet (e.g., waiting) and family may delay help-seeking.> Since a
small percentage of older adults (less than 4%) scored 4 and above on
CSS, caution should be taken regarding findings related to in-
teractions between NVSE and CSS, and further study is needed.

Our study's strengths include a large sample, data collection by
professionally trained social workers, service use data from three
settings, adjustment for a comprehensive array of covariates, cost
estimation using TPM, categorizing nine depressive symptoms into
four clusters based on the RDoC research framework and examining
their interaction effects.

Our findings should be interpreted with caution due to several
limitations. First, the sample was not chosen randomly and thus not
generalizable to other populations. Second, we estimated direct care
costs only. Therefore, we may underestimate the overall economic
impact. Third, healthcare utilization data were self-reported and
subject to recall bias. We used CSRI to collect data over a 3-month
retrospective period while PHQ-9 and other covariates were
collected on the last date of that period. Fourth, we used a cross-
sectional design which limited our ability to explore causal relation-
ships between depressive symptoms and costs. Fifth, we did not
include the supply side of care resources, which may confound our
conclusions. Sixth, our sample covered older people with a wild range
of PHQ-9 scores, including those who did not have clinically signifi-
cant depressive symptoms. Future studies can replicate our study
with a sample with higher severity of depressive symptoms. Last, the
CSRI only records health care utilization and not the reasons for the
visit. Therefore, we did not know why respondents sought care, and
thus it is possible that the care utilization was unrelated to depres-
sive symptomes.

Nevertheless, our findings have important policy implications.
We advanced existing literature in mental health economics by
linking four symptom clusters to healthcare and social care expen-

diture based on the RDoC research framework and documenting how
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FIGURE 1

Interaction effects of symptom clusters on care utilization. For the straightforward presentation, we only plotted lines using

selecting scores of NVSE (0, 2, 4, 6). Cl, confident interval; NVSE, Negative Valence Systems and Externalizing. Only significant interactional

effects were shown. Other results are available upon request

different combinations of symptom clusters were associated with
care utilization. Our findings highlight the importance of under-
standing the economic impact based on symptom profiles, with a
particular emphasis on symptom combinations, going beyond existing
literature focusing only on the sum-score of symptoms/severity
defined by cut-off points. Special attention should be paid to pre-
venting older adults from developing NVSE.
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