W) Check for updates

Yang William Zhao (Orcid ID: 0000-0002-6011-5948)

Title: The impact of mental and physical multimorbidity on healthcare
utilization and health spending in China: a nationwide longitudinal

population-based study

Running title: Impact of multimorbidity on healthcare utilizatiand health spending

Yang zZhad?® Puhong Zharg, Brian Oldenburg® Teresa Haft>, Shurong L&,
Tilahun Nigatu Haregl) Li He>

1. The George Institute for Global Health at Pekimyversity Health Science Center,
Beijing, China

2. The Nossal Institute for Global Health, The Wmsity of Melbourne, Melbourne,
VIC, Australia

3. WHO Collaborating Centre on Implementation Regeéor Prevention and
Control of Noncommunicable Diseases, Melbourne, ,\AGstralia

4. Faculty of Medicine, University of New South Wsa) Sydney, New South Wales,
Australia

5. Centre for Mental Health, Melbourne School op&#ation and Global Health, The
University of Melbourne, Victoria, Australia

6. College of Physical Education and Sport, BeijNgyrmal University, Beijin, China

Correspondence to: Dr Li He

This is the author manuscript accepted for publication and has undergone full peer review but has not
been through the copyediting, typesetting, pagination and proofreading process, which may lead to
differences between this version and the Version of Record. Please cite this article as doi: 10.1002/
gps.5445.

This article is protected by copyright. All rights reserved.


https://doi.org/10.1002/gps.5445
https://doi.org/10.1002/gps.5445
https://doi.org/10.1002/gps.5445
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fgps.5445&domain=pdf&date_stamp=2020-10-16

College of Physical Education and Sport, Beijing Normal University, Xinjiekouwai
Street 19, Haidian District, Beijing 100875, China

E-mail address: aprilhelly@bjmu.edu.cn

This article is protected by copyright. All rights reserved.



Abstract

Background: In China, little evidence exists on the effect ofental and physical
multimorbidity on individuals and the health systeifrhis study aims to examine the
prevalence of mental-physical multimorbidity argliinpact on health service utilization and
health expenditures.

Methods: We conducted a panel study using two waves of @at2011 and 2015) from the
China Health and Retirement Longitudinal Study|udmg 10,181 participants aged 45 years
and older. Generalized linear regression modelswered to assess the association of
multimorbidity with total health expenditure and t@if-pocket expenditure (OOPE) on
outpatient and inpatient care. Random-effects tmgisegression models were used to
examine the impact of multimorbidity on outpatievisits, admission to hospital and
incidence of catastrophic health expenditure.

Results: Overall, 3,210 participants (JB3% of 10,181) had mental-physical multimorbidity
in 2015 in China. Compare to patients with a singhgsical disease, individuals with
physical-mental multimorbidity had over 150% of tinerease in the number of outpatient
visits and days of hospitalization. The percentagange of OOPE for outpatient and
inpatient care was 156.8% and 163.6%, respectivdbntal-physical multimorbidity was

associated with an increased likelihood of experiran catastrophic health expenditure
(OR=2.205, 95% CI=2.048, 2.051).

Conclusion: Multimorbidity, particularly mental-physical muttiorbidity, is associated with

higher levels of health service use and a greatancial burden to individuals in China.
Healthcare system needs to shift from single-desaaedels to new financing and service
delivery models to more effectively manage mentgigical multimorbidity.

Keywords: mental-physical multimorbidity, healthcare utilime, health spending, China,
longitudinal analysis

Funding The National Natural Science Foundation of ChinautfioScience Foundation
(81602869), and the Fundamental Research Fundsd@entral Universities (3104221)

This article is protected by copyright. All rights reserved.



Key points

® To our knowledge, this is the first longitudinal adysis to estimate the effects of

mental-physical multimorbidity on health service and catastrophic health expenditure in

a nationally representative study in China.

Both physical multimorbidity and mental-physical ltimorbidity are common in China.

® Multimorbidity was associated with increased ougsat and inpatient service uge,
out-of-pocket expenditures, as well as catastropigalth expenditure, compared with
single physical health conditions.

® China, home to the largest ageing population intbdd, should develop targeted policies
to ensure appropriate health services and finamiskl protection for individuals with
mental-physical multimorbidity.
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1 Introduction

There has been a rapid recent increase in the lpreeof common mental disorders
in China. A report by the China Mental Health Syr(€MHS) found that the
life-time prevalence of mental disorders, includiagxiety and depression rose to
16.6% among the Chinese population in 2013, whschubstantially higher than in
1982 (1.3%), 1993 (1.4%), and 2002 (13.2%)strong bidirectional link has been
observed between mental disorders and physicalittmmsl For example, patients
with major depression may be at high risk of depwlg one or more physical
condition(s) because of health risk behavioursoat adherence to medicationin
addition, depressive symptoms are common in pewle physical conditions. A
recent longitudinal study found that middle-aged afder Chinese adults with one,
two, and three or more physical conditions had @,266%, and 111% greater risk,
respectively, for the presence of depressive symgt@ompared with those without
physical condition§.The strong associations between mental disordetsphysical
conditions suggest that mental-physical multimaitiitg a public health challenge in
China, yet extant research on multiple chronicalisehas not addressed this issue.
Multimorbidity, defined as two or more co-existirfpronic diseases in the same
person, has become one of the main challenges aithbare in China and
worldwide® Globally, the aging of populations increases exp®so risk factors for
disease, and as such the prevalence of multimoyb&likely to increase rapidiy/In
China, a systematic review published in 2015 showlat the prevalence of
multimorbidity among the general population agedyé@rs or older ranged from 6-4%
to 76.5%:°More recently, the reported prevalence of multinitp is approximately
50% for middle-aged and older Chinese adiitéAlthough different operational
definitions and measures of multimorbidity are detd in the literature, the number
of prescriptions, referrals, outpatient visits, pited admissions, and expenditures is
consistently found to be significantly associateithvan increase in the number of
chronic diseases in China and other countriés.However, these previous studies

have focused on the coexistence of specific illrass a relatively small number of
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physical diseases, such as cardiovascular disediabsfes, and cancer, rather than on
the whole range of chronic morbidity affecting migldged and older persoh$**°
Few studies have been examined the prevalence rates influences of
mental-physical multimorbidity in Chirfad>?>*Published studies have mainly
examined the influences on healthcare and costsngmegional-or district-level
populations in China using cross-sectional studsiges>*"?%*'very few of these
studies have used nationally-representative dath performed a longitudinal
analysis® A recent nationally representative study estimateddifferent patterns of
physical health conditions with depression amonddmetaged and older adults in
China. No research to date has compared the heaihutilization and cost impacts
of comorbidity of chronic mental disorders and pbgk diseases and physical
multimorbidity®

To estimates trends and health-care related ecenburden of prevalence rates of
patients with complex health problems, studies esking multimorbidity should take
into account not only the cumulative effect of aainrmumber of physical chronic
diseases, but also the simultaneous presence sicahgiseases/symptoms, cognitive
and physical dysfunctions, and mental disorder2006, the Chinese Government
published guidelines to emphasize community basmthigement of chronic diseases,
where mental disorders were considered as chroséases that should be cared for
in community-level or primary carfé.Understanding the multimorbidity rates of
mental disorders and physical conditions, and hiogy taffect the health care use,
could therefore have important implications for thgrovement of service delivery
in primary care and the design of health policehina. This will be helpful for
tailoring health service resources to the healtdeeof the Chinese population, and
critical for improving the clinical treatment, dese self-management and reform of

current Chinese healthcare system.

Therefore, the aim of this paper is to fill thispgy estimating the prevalence rates
and combined impact of common mental disorderspdnydical conditions on access

to healthcare utilization and health spending inn@hThe data used in the analysis
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represent a population group of more than 300 onilpeople in Chin& The present
study will be the first panel analysis to examinental-physical multimorbidity rates
and its impact on healthcare service use and ocapdst health expenditures in

China.
2 Methods

2.1 Sample and data

This study used longitudinal data from two waveshef China Health and Retirement
Longitudinal Study (CHARLS) conducted in 2011 aril2. CHARLS is a biennial
survey conducted by the National School of Develephnat Peking University, which
aimed to be representative of Chinese residentd d4§eyears and older. The data
were collected in a survey in which four-stageatsfied, cluster sampling was used to
select eligible individualé! Briefly, 150 counties were firstly selected promotél to
population size. Then three villages/communitiesenselected from each county as
primary sampling units (PSUs). In each of the 45U®, 80 households were
randomly selected, with 24 for investigation. Iethousehold had persons aged 45
years and over, one of them was randomly choseah bath respondents and their
spouses were interviewed using structured quesdioes1 A detailed description of
the survey objectives and methods has been repetsetvhere [27}* The main
guestionnaire includes information on basic demplys, health status and
functioning, health care and insurance, work, eaetent and pensions, income and

consumption, household assets, and several bionsarke

A total of 17,708 participants from 10,257 houseBolvere interviewed; the overall
household response rate was 80-5%. Ongoing follpvsuwrveys were conducted
every two years. For this study, we used longitalddata based on the baseline and
second follow-up wave of CHARLS (14,192 respondentthout losses to

follow-up). After removing those individuals withissing values in either dependent
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or independent variables, our final sample congistel0,181 respondents (71-7% of

those reported no loss to follow-up).
2.2 Measures

In this study, multimorbidity was defined as theeggnce of two or more chronic
diseasef. A total of fifteen chronic diseases were used teasure physical
multimorbidity & 2 physical diseases and 0 mental disorder in dhgesindividual)
and mental-physical multimorbidity (1 physical disease ardl mental disorder in
the same individual). Physical conditions includdd/pertension, diabetes,
dyslipidaemia (measured by biomarkers or blood tedormation), and ten
self-reported diagnosed chronic diseases (heagtsks stroke, cancer, chronic lung
disease, digestive disease, liver disease, kidnegase, memory-related disease,
arthritis and asthma). We counted the number afrabrdiseases for each participant,

identifying those with multimorbidity.

Mental conditions included self-reported diagnogsychiatric disease and depression
which was assessed by the 10-item Center for Epalegic Studies Depression
Scale (CES-D¥® CES-D is a validated mental health assessmenfdpolder people

in China.? Participants rated each domain on a four-pointeseanging from (1)
rarely, (2) some days (1-2 days per week), (3)sooally (3—4 days per week) to (4)
most of the time (5-7 days per week). Responses vated as 0 (rarely) to 3 (most
of the time) for the negative questions; For twaifiee questions, the items were
reversed as 3 (rarely) to O (most of the time). St@res of the CESD-10 range from O
to 30. In this study, individual participants whadha CESD-10 score of 10 were

defined as having depressive symptoms. A binarabker was also constructed.

In CHARLS, each respondent’s systolic blood presgi8$BP) and diastolic blood
pressure (DBP) were recorded three times by aegamurse using a HEM-7112
electronic monitor. Diagnosed hypertension wasngefias systolic blood pressure
>140 mmHg and/or diastolic blood presstd®@ mmHg, and/or being on

anti-hypertensive medication for raised blood pres® In this study, diabetes was
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defined by: 1) a fasting plasma glucose levetb26 mg/dL (7.0 mmol/L); and/or 2)
HbAlc concentration 0£6.5%; and/or 3) being insulin treatment and/or rigki
medication for raised blood suddr.Dyslipidaemia was defined by: 1) total
cholesterol (TC» 240 mg/dL (6.22 mmol/L); and/or 2) low-density Igotein
cholesterol (LDL-C» 160 mg/dL (4.14 mmol/L); and/or 2) high-densitydgrotein
cholesterol (HDL-Cx40 mg/dL (1.04 mmol/L); and/or 2) triglyceride (76200
mg/dL (2.26 mmol/L); and/or 2) taking anti-dyslipiemia medicatiof

Use and frequency of utilization of healthcare m&y were self-reported by
respondents through the following questions: “Hgwwa had any outpatient visit in
the past month; and any hospital stay in the paat? “How many times did you
visit a general hospital, specialized hospitalpiclior other medical facility for
outpatient care in the past month?” and “How maanysddid you stay in hospital over
the past year?” CHARLS also collected the inforovaton how much respondents
paid in total and how much out-of-pocket (deductihg reimbursed expenses) for
their outpatient visits during the last month angatients visit during the last year.
The same information was also collected on spoo$ed! participants. The total
annual health expenditure was defined as the sumspehding on outpatient and
inpatient care provided during the last year, foeimbursement from health
insurance. As the number of outpatient visits andl texpenditure for outpatient care
measured for one month, this study calculated tleyear outpatient visits and the

costs for outpatient care by multiplying

We defined a household as incurring catastrophadtineexpenditures (CHE) when
out-of-pocket expenditure on health equalled oreeded 40% of a household’'s
capacity to pay® In this study, the capacity to pay was definedttas non-food

household consumption expenditure. This was cormidéhe denominator. The
numerator was the sum of respondents and theirsggbout-of-pocket expenditure
for outpatient and inpatient care in the past yAdsinary variable was defined which
indicated whether the household of participantseeepced catastrophic health

expenditures or not.
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2.3 Statistical analysis

We used the Chi-square test to explore the socimedeaphic disparity in the
prevalence of multimorbidity. The random-effectgitic regression model was
applied to estimate the association of multimotligiith outpatient visits, admission
to hospital as well as the incidence of CHE. Fdalttiealth expenditure and the
OOPE analysis, we used the generalized linear gsegme models (GLM) with log
link and gamma distribution. For the frequency aftpatient visits and days of
hospitalization, we used the GLM with log link apdisson distribution. Predicted
values of outpatient and inpatient care as weleath expenditures were estimated
using the GLM with an adjustment of all covariaté&e also reported the percentage
change of healthcare utilization and OOPE betweagles physical disease and
physical-mental multimorbidity groups. For the Ikstgg regression analysis, the
adjusted odds ratio (OR) and 95% confidence inter¢@l) were reported. For the
GLM analysis, the coefficient and 95% CI were régdr

We included the following variables as covariategje, gender, marital status
(married and partnered, unmarried and others),aatunc(primary school and below,
secondary school, college and above), residencal,(urban), geographical region
(east, central and west), economic status quarfyesrly per capita household
consumption expenditure), health insurance (Urbamplgyee Basic Medical

Insurance (UEBMI), Urban Resident Basic Medicauhasice (URBMI), New Rural

Cooperative Medical Scheme (NCMS), other insuramgthout insurance), medical
facility in village/community surveyed (Yes/No), crtravel time to the nearest

medical facility (<5 minutes, 5-30 minutes, arD minutes).
2.4 Sensitivity analyses

We conducted sensitivity analyses to check the swimss of our findings.
Random-effects negative binomial regression modelse performed to investigate
relationships between the multimorbidity and thegtrency of outpatient visits and

stays in the hospital. We reported the incidende ratio (IRR) and 95% CI. All
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statistical analyses were weighted to accounthfercomplex, multi-stage design, and
loss of follow up the CHARLS datasets. All analysesre performed using STATA
15.0 (Stata Corp, College Station, TX, USA). P €50was considered to be

statistically significant.

3 Results

Table 1 presents the respondents’ socio-demographic ¢bestics of the baseline
survey. There was roughly an equivalent proporibfemale and male respondents,
of which 23.9% were aged 65 years. 67.8% of theaedents had completed primary
school or less, and 65.7% were residing in ruraasr More than 94.1% of
respondents had at least one kind of health inseramith 78.8% of all respondents

enrolled in the NCMS.

Among the 10,181 patrticipants, 3,073 (30.18 %)0aand 3,926 (38.56%) in 2015
had physical multimorbidity, and 3,217 (31.60 %)2011 and 3,210 (31.53%) in
2015 had physical-mental multimorbidity. Overalhet prevalence of physical
multimorbidity was higher in people who: were otdeale; married or partnered; had
a high education level; had a higher socioeconatatus; had health insurance; and
lived in an urban area and the eastern region. €ssly, the prevalence of
physical-mental multimorbidity was higher in peopldo: were female; unmarried;
had a low education level; low socioeconomic statlis not have health insurance;

and lived in a rural area, and/or the Western redibable 1)
[Insert Table 1]

The frequency of outpatient visits and number ofysdan the hospital was
significantly higher for patients with multimorbtgli than their counterparts with
single physical disease. Patients with physicaltalemultimorbidity had more
outpatient visits and longer stays of hospital@atithan patients with physical
multimorbidity. (Figure 1) Compare to patients with single physical disease,

individuals with physical-mental multimorbidity haser 150% of the increase in the
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number of outpatient visits and days of hospitdélira adjusting for
sociodemographic characteristics. The percentagegehof OOPE for outpatient and

inpatient care was 156.8% and 163.6%, respectiy€apble 2)
[Insert Figure 1, Table 2]

As displayed inTable 3, a higher number of chronic conditions was assediaith
higher levels of healthcare utilisation for bothtpmtient and hospital care. People
with both physical multimorbidity and physical-mahtmultimorbidity were more
likely to have outpatient visits (OR=1.935, 95% CB34, 1.937 and OR=2.856, 95%
Cl=2.854, 2.859, respectively) and admission tqphak(OR=1.924, 95% CI=1.922,
1.926, and OR=2.486, 95% CI|=2.483, 2.488, respaglivcompared to people with
single physical diseases. In addition, older pa&tiewere more likely to report
inpatient visits than younger patients. Affluentople were more likely to utilise
outpatient healthcare and hospital healthcare thase in the least deprived quartile.
People with health insurance had a higher proliglmfi outpatient and inpatient care
utilisation than people with no health insurancenmpared with single disease
patients, people with physical-mental multimorbyditere more likely to experience

catastrophic health expenditure (OR=2.205, 95% ©&’& 2.051)
[Insert Table 3]

As displayed inrable 4, the prevalence of multimorbidity had a positieéationship
with healthcare expenditure. The total health edpgare was higher for patients with
physical-mental multimorbidity than those peopléhwhe single physical disease (for
physical multimorbidity:  coefficient=0.426, 95% (@446, 0.706; for
physical-mental multimorbidity: coefficient=0.903,95% CI=0.600, 1.207,
respectively). Compared with single disease patjepeople with physical-mental
multimorbidity were more likely to have out-of-patkspending on outpatient care
(coefficient=0.943, 95% CI=0.578, 1.308) and had@ation (coefficient=0.966,

95% CI1=0.656, 1.283). Moreover, people of highesi@economic status were more
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likely to spend more out-of-pocket money on ouggdtiand inpatient care than those

of lower economic status.
[Insert Table 4]

In terms of sensitivity analyses, we found similassociations between
multimorbidity and frequency of outpatient and itipat care, by using negative
binomial regression models. The results were ctergisnvith our original findings

showing physical multimorbidity was associated waih increase in the number of
outpatient visits (IRR=1.705, 95% CI=1.528, 1.9Gi)d days of hospitalisation
(IRR=1.975, 95% CI=1.707, 2.285). Similarly, phydimental multimorbidity was

also positively associated with the number of ougpd visits (IRR=2.383, 95%

Cl=2.138, 2.656) and the length of hospitalisatidRR=2.442, 95% CI=2.108,

2.830).(Table S1)

4 Discussion

To our knowledge, this is the first panel studyet@amine the relationship between
mental-physical multimorbidity, and healthcare ase financial protection among a
nationally-representative sample of the Chineseuladion. We also compared the
effects of mental-physical multimorbidity and phoadi multimorbidity on health care
use and expenditure.

4.1 Principal findings

Consistent with previous findings, we found thathbphysical multimorbidity and

mental-physical multimorbidity are common in Ching'* This suggests that
longitudinal investigations, regular physical hkalchecks, and close clinical
monitoring are needed to detect physical multindithi and mental-physical

multimorbidity over time. Surveillance strategiese arequired to monitor the

medication compliance and establish the burden ompound effects of

mental-physical multimorbidity.

Our study also corroborated previous local stugiegShina with extended and robust
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evidence on the positive association between palysiciltimorbidity and healthcare
use and costs at the national leVe>A higher level of healthcare utilization among
patients with more chronic conditions could be daoethe complexity of health
conditions that require more diverse and intengsiges, which then increase the
healthcare cost?

Our study provides new national evidence on them@l burden of mental-physical
multimorbidity in China. Compared with single or Itiple physical diseases, the
findings of our study suggest that the co-occureesfomental and physical conditions
might pose a greater challenge for individuals aedlthcare systems. The greater
number of outpatient visits and hospital admissidine longer length of stay, higher
OOPE and CHE in patients with mental-physical mudtibidity further underscores
the need for more effective approaches for the ge@mant of patients with
mental-physical multimorbidity. There are severaasons why people with
mental-physical multimorbidity may use healthcar@renand incur greater healthcare
costs. First, stigma discourages disclosure, dities with reporting medical
problems, and a tendency to express depressiontisaltyaamong older Chinese
adults can lead to inaccurate early diagnosis daitahellness, under treatment, and
poor management of mental iliness for people whispcal conditions, resulting in
more visits or longer treatment as well as c65t8.Second, poorer medication
compliance, the effects of polypharmacy and druggdand drug-disease interactions
can result in healthcare visits and associatedsdostpeople with mental-physical
multimorbidity*'* Consequently, more attention to individuals witantal-physical

multimorbidity should be given in the Chinese Na#ib Medium and Long Term
Health Plan (2017-2025%nd other national health strategies for chrongeake
control in China®®

4.2 Policy implications

To tackle the growing burden of multimorbidity irhi@a, the health system needs to

shift from single-disease models to new financing aervice delivery models that

more effectively manage multimorbidity, particujarhental-physical multimorbidity.
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A strong primary healthcare system led by gendrglsysicians (trained family
doctors) working with multi-disciplinary teams iselvrecognized to be essential for
cost-effective management of multimorbidityA current trial in China is testing the
roll-out of the ‘people-centered integrated cam@goam, which incentivizes general
practices to manage chronic disease patients icaligt and is an example of such a
new approach [78-79f*" However, although China has officially promoted th
delivery of mental health services in communitydlewer primary health care since
2006, actualization of this approach is challenggdhe attributes, knowledge, and
beliefs of providers, and complex service user sded multi—disciplinary team
with psychiatric and physiological competencies Inas been well developed in
primary health care in China.

As highlighted in blueprint for protecting physidealth in people with mental illness
issued by the Lancet Psychiatry Commission, tognatie care for mental-physical
multimorbidity into primary care, the findings ohi$ study make the following
recommendations for policy and practice: (1) Sttikeg cooperation between China
state and national governments, hospitals, puldalth organizations, and medical
education institutions, and other relevant sectorbuild multidisciplinary teams to
support the management of patients with multimatiels”?> (2) train
multidisciplinary teams in mental health settings multidisciplinary general
practitioners in primary healthcare centres; (3)nitwo lifestyle behaviours using
digital technologies, and improve the regular sureg and monitoring of those
high-risk patients with both physical conditionsdamental disorders to increase the
accuracy of diagnosis and early disease detedtiod;(4) strengthen the efficacy of
multidisciplinary lifestyle interventions in the meral population for reducing the risk
of cardiometabolic-related morbidity>°Overall, efforts are needed at the primary,
secondary, and tertiary levels of healthcare taucedhe prevalence and burden of
multimorbidity.

4.3 Strengths and limitations

This study examined the epidemiology of mental-ptats multimorbidity and

explored its impact on healthcare use and costedbas a longitudinal, large,
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nationally representative sample of the Chineseuladipn, which provides robust
estimates of key variables. However, there areraklisitations to our study. First,
the use of some self-reported measures of chroisiease (except hypertension,
hypertension, diabetes, dyslipidaemia and depmssivay underestimate their
prevalence. Second, the CHARLS questionnaire dichsio about all chronic diseases
typically included in clinical database studiesrtRar studies examining thelect of
multimorbidity due to other mental and physical ditions (e.g. Alzheimer’s disease,
gout, osteoporosis, anxiety and schizophrenia) waeranted. Third, healthcare
utilization and health expenditure were not spedidir chronic diseases included in
CHARLS. Fourth, we examined the effect of multimdity on healthcare utilisation
and expenditure by simply counting only 15 chrotigeases without accounting for
the different clusters and severity of chronic dess. This could underestimate the
effect of multimorbidity on health service use dmhlth expenditure, and it might be
difficult to distinguish the specific jointed effisc of severe physical-mental
multimorbidity. Future research should apply unégueights according to the type
and severity of chronic conditions to explore thipact of multimorbidity. Finally,
the analyses controlled for individual socio-denagdpic factors, but did not control
for supply-side factors including supplies of hdapbeds, primary care physicians
and local or regional hospitalization rate, whiclaymnfluence our estimates. In
addition, this study only included middle-aged amder populations in China. The
prevalence of multimorbidity and its impacts amomginger populations should be

considered in future studies.

5 Conclusion

Our findings indicate that multimorbidity was présf in China. Compared to people
with single or multimorbidity of physical diseasasental-physical multimorbidity
were associated with more use of and higher oyeoket for outpatient and inpatient
healthcare, as well as higher catastrophic healpergditure. Specifically, the
co-occurrence of mental and physical conditions wigsificantly associated with

more outpatient visits, hospital admissions, lorigagth of stay, and higher OOPE,
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as well as higher catastrophic health expenditDiferences in social-demographic
characteristics were also observed between physiatl mental-physical
multimorbidity. Our findings suggest that China’'safthcare systems need to shift
from single-disease models to new financing andsicerdelivery models that

effectively manage mental-physical multimorbidity.

Appendix

Table S1. The association of physical-mental multimorbiditittwthe frequency of
health service use in China.
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Table 1. Characteristics of the baseline survey, prevalence of physical and mental multimorbidity

in Chinain 2015

Baseline

characteristics

Prevalence of

physical multimor bidity

Prevalence of mental-physical

multimor bidity

Variable N % 2011 2015 2011 2015
Overall 10,181 100-0 3,073 (30-18%) 3,926 (38-56%) 3,21B(B%) 3,210 (31-53%)
Gender
Male 4,988 48-99 1,633 (32 74%) 2,093 (41-96%) 371(24-80%) 1,257 (25-20%)
Female 5,193 51.01 1,440 (27-73%) 1,833 (35-30%) 1,980 (38-13%) 1,953 (37-61%)
Age, years
45-55 3,785 37-18 972 (25-68%) 779 (32-27%) 9B19@%6) 664 (27-51%)
55-65 3,959 38-89 1,241 (31-35%) 1,528 (38-44%) 3261(33-49%) 1,258 (31-65%)
65-75 1,816 17-84 642 (35-35%) 1,072 (40-45%) (87411%) 972 (36-68%)
>75 621 6-10 218 (35-10%) 547 (47-90%) 236 (38-00%) 316 (27-67%)
Marital status
Martied and partnered 9,030 88-69 2,756 (30-52%) 3,394 (38-96%) 2,715 (30-07%) 2,646 (30-38%)
Unmarried and others 1,151 11-31 317 (27-54%) (33219%) 502 (43-61%) 564 (38-37%)
Education level
Primary school and
below 6,904 67-81 2,016 (29-20%) 2,577 (37-33%) 5472(36-89%) 2,514 (36-41%)
Secondary school 2,165 21.27 689 (31-82%) 8BOMA) 499 (23-05%) 509 (23-51%)
College and above 1,112 10-92 368 (33-09%) 461694) 171 (15-38%) 187 (16-82%)
Residence status
Urban 3,493 34-31 1,185 (33-92%) 1,500 (42-94%) 4 (95-88%) 871 (24-94%)
Rural 6,688 65-69 1,888 (28-23%) 2,426 (36-27%) 2,313 (34-58%) 2,339 (34-97%)
Region
East 3,715 36-49 1,147 (30-87%) 1,467 (39-49%) (2031%) 901 (24-25%)
Central 3,925 38.55 1,209 (30-80%) 1,521 (38-75%) 1,288 (32-82%) 1,296 (33-02%)
West 2,541 24-96 717 (28-22%) 938 (36-91%) 1,00638%) 1,013 (39-87%)
PCE, quartile
Q1 (deprived) 2,550 25-05 696 (27-29%) 970 (38)10% 876 (34-35%) 851 (33-42%)
Q2 2,541 24-96 767 (30-18%) 944 (37-05%) 855 (38)6 809 (31-75%)
Q3 2,545 25-00 745 (29-27%) 992 (39-01%) 832 (BR)6 798 (31-38%)
Q4 (affluent) 2,545 25-00 865 (33-99%) 1,020 (%60 654 (25-70%) 752 (29-56%)
Health insurance
None 599 5-88 159 (26-54%) 269 (34-36%) 20B@4) 279 (35-63%)
UEBMI 833 8-18 315 (37-82%) 494 (47-18%) 146 (3%H 176 (16-81%)
URBMI 490 4.81 168 (34-29%) 226 (43-71%) 146 §29) 147 (28-43%)
NCMS 8,021 78-78 2,320 (28-92%) 2,839 (37-29%) 6762(33-36%) 2,557 (33-59%)
Others 238 2-34 111 (46-64%) 98 (44-34%) 4(B(D6) 51 (23-08%)

Notes: Data are given as number (percent) unlessrwise indicated. PCE, Per capita household annaasumption

expenditure. UEBMI, Urban Employee Basic Medicadurance; URBMI, Urban Resident Basic Medical Ineaea NCMS,

New Rural Cooperative Medical Scheme; Others, gouent healthcare, private medical insurance arahso
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Table 2. Predictive value of health service utilization and health expenditures by multimorbidity

group
Variable Predictive value 95% ClI Per centage change
Number of outpatient visits
Single physical disease 291 2.43 3.39 -
Physical multimorbidity 5.10 457 5.64 75.5%
Physical-mental multimorbidity 7.53 6.76 8.30 158.8%
Days of hospitalization
Single physical disease 0.09 0.08 0.11 -
Physical multimorbidity 0.18 0.16 0.20 93.1%
Physical-mental multimorbidity 0.24 0.21 0.27 157.4%
OOPE for outpatient care
Single physical disease 103.2 67.6 138.8 -
Physical multimorbidity 142.5 107.9 177.0 38.0%
Physical-mental multimorbidity 265.1 193.9 336.4 156.8%
OOPE for inpatient care
Single physical disease 403.1 294.7 511.5 -
Physical multimorbidity 857.0 691.1 1022.8 112.6%
Physical-mental multimorbidity 1062.4 853.7 1271.1 163.6%
Total health expenditure
Single physical disease 2418.7 1789.1 3048.4 -
Physical multimorbidity 3703.2 3099.8 4306.7 53.1%
Physical-mental multimorbidity 5969.5 4784.1 7155.0 146.8%

Notes: Predicted values were estimated using gézestdinear regression models with an adjustménsaziodemographic
characteristics. The percentage change was cadulay taking the single physical disease as aeaefer group. OOPE,

out-of-pocket expenditure; Cl, confidence interval.
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Table 3. Association of physical and mental multimorbidity with outpatient visits, admission to
hospital aswell asincidence of CHE

Variable (reference)

Outpatient visits

Admission to hospital

Catastrophic health expenditure

OR 95% CI OR 95% CI OR 95% ClI

No. of chronic diseases
(Single physical disease) Ref Ref Ref

Physical multimorbidity 1.935 1.934 1.937 1.924 1.922 1.926 1.276 278.. 1.277

Physical-mental multimorbidity 2.856 2.854 2.859 2.486 2.483 2.488 2.050 042. 2.051
Year (2011) Ref Ref Ref

2015 1.052 1.051 1.052 1.896 1.895 1.897  21.56 1.562 1.563
Gender (Male) Ref Ref Ref

Female 1.137 1.136 1.137 0.951 0.951 0.952 9680. 0.965 0.966
Age, years (45-55) Ref Ref Ref

55-65 0.865 0.864 0.865 1.424 1.423 1425 02.2 1.201 1.202

65-75 0.956 0.955 0.957 2.064 2.062 2.066 771.5 1.576 1.579

>75 1.003 1.002 1.004 2.910 2.906 2.913 1.7401.738 1.742
Marital status (Married and partnered) Ref Ref Ref

Unmarried and others 1.013 1.012 1.014 1.091 09al. 1.092 0.456 0.455 0.456
Education (Primary school and below) Ref Ref Ref

Secondary school 1.082 1.081 1.082 1.200 1.1991.201 1.083 1.082 1.083

College and above 1.236 1.235 1.237 1.062 1.0611.063 0.967 0.966 0.968
Residence status (Urban) Ref Ref Ref

Rural 1.103 1.102 1.104 1.053 1.053 1.054 .26 1.259 1.261
Region (East) Ref Ref Ref

Central 0.977 0.976 0.977 1.275 1.274 1.276 334l. 1.335 1.337

West 1.167 1.167 1.168 1.726 1.724 1.727 3L.26 1.263 1.264
PCE, quartile (Q1 (deprived)) Ref Ref Ref

Q2 1.193 1.192 1.194 1.245 1.243 1.246 1.102 101. 1.103

Q3 1.071 1.070 1.072 1.639 1.637 1.640 1.031 031. 1.032

Q4 (affluent) 1.446 1.445 1.447 2.014 2.012 018. 1.011 1.010 1.012
Health insurance (None) Ref Ref Ref

UEBMI 1.349 1.347 1.350 1.413 1411 1.415 0.93 0.929 0.932

URBMI 1.366 1.364 1.368 1.437 1.435 1.440 1.2321.230 1.234

NCMS 1.681 1.679 1.683 1.197 1.196 1.199 1.4591.458 1.461

Others 2.090 2.086 2.093 1.099 1.097 1.102 1571. 1.155 1.160
M edical facility in village/community
surveyed (Yes) Ref Ref Ref

No 1.056 1.056 1.057 0.932 0.931 0.933 0.892 892D. 0.893
Travel timeto the nearest medical facility
(<5 minutes) Ref Ref Ref

5-30 minutes 1.022 1.021 1.023 0.947 0.946 48.9 1.057 1.057 1.058
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>30 minutes 0.972 0.971 0.972 0.991 0.990 0.9921.032 1.031 1.032

Notes: CHE, catastrophic health expenditure. PGE,cppita household consumption expenditure. UEBMban Employee
Basic Medical Insurance; URBMI, Urban Resident Badedical Insurance; NCMS, New Rural Cooperativedidal Scheme;

Others, government healthcare, private medicarame and so oi©R, odds ratio. Cl, confidence interval.
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Table 4. Association of physical and mental multimorbidity with total health expenditure and
out-of-pocket expendituresfor outpatient and inpatient care

Variable (reference)

OOPE for outpatient care

OORPE for inpatient care

Total health expenditure

Coefficient 95% ClI

Coefficient95% ClI

Coefficient 95% CI

No. of chronic diseases
(Single physical disease)
Physical multimorbidity
Physical-mental multimorbidity
Year (2011)
2015
Gender (Male)
Female
Age, years (45-55)
55-65
65-75
>75
Marital status (Married and partnered)
Unmarried and others
Education (Primary school and below)
Secondary school
College and above
Residence status (Urban)
Rural
Region (East)
Central
West
PCE, quartile (Q1 (deprived))
Q2
Q3
Q4 (affluent)
Health insurance (None)
UEBMI
URBMI
NCMS
Others
M edical facility in village/community
surveyed (Yes)
No

Travel timeto the nearest medical facility

(<5 minutes)

5-30 minutes

Ref
0.322
0.943
Ref
0.799
Ref
0.078
Ref
0.186
0.231
0.173
Ref
-0.240
Ref
0.093
0.057
Ref
0.120
Ref
0.431
-0.021
Ref
0.325
0.391
1.071
Ref
0.222
0.187
0.580
1.918

Ref
-0.078

Ref
-0.064

-0.042
0.578

0.537

-0.163

-0.120

-0.159

-0.326

-0.618

-0.266
-0.355

-0.191

0.096
-0.350

-0.066
0.053
0.719

-0.380

-0.349

0.149
0.639

-0.392

-0.454

0.686
1.308

1.061

0.320

0.493

0.620

0.673

0.139

0.452
0.468

0.431

0.767
0.309

0.716
0.729
1.423

0.824

0.724

1.011
3.196

0.236

0.327

Ref Ref
0.754 0.439 1.069 0.426 .14
0.969 0.656 1.283 0.903 60@.
Ref Ref
0.858 0.632 1.084  9.92 0.730
Ref Ref
-0.016 -0.239 0.2080.006 -0.190
Ref Ref
0.205 -0.101  0.511 .20%® -0.053
0.531 0.165 0.896 49%. 0.193
0.567 0.064 1.071 0.5410.186
Ref Ref
-0.3460.679  -0.013  -0.194  -0.491
Ref Ref
-0.130 1D.4 0.151 0.123 -0.145
-0.134 8.5 0.319 -0.002 -0.323
Ref Ref
0.245 -0.025 0516 1290. -0.124
Ref Ref
-0.088 -0.379 0.2030.226 -0.035
0.202 -0.147  0.551 .01D -0.220
Ref Ref
0.365 0.007 0.723 0.293 0.011
0.826 0.490 1.162 0.497 224.
1.687 1.377 991I. 1.242 0.962
Ref Ref
0.145 -0.401 0.692 490. 0.055
0.315 -0.239 0.868 98.3 -0.048
0.114 -0.237  0.464 ®.46 0.125
-0.232  -0.944  0.4811.203 0.233
Ref Ref
-0.289 -0.569 -0.009 28.1 -0.372
Ref Ref
-0.011 -0.3840.362 -0.079  -0.393
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0.706
1.207

1.127

0.202

0.464

0.798

0.895

0.102

0.390
0.320

0.371

0.488
0.254

0.598
0.769
1.523

0.943

0.839

0.810
2.173

0.126

0.236



>30 minutes 0.074 -0.341 0.489 0.192 -0.225 1@.6 0.040 -0.291 0.372

Notes: OOPE, out-of-pocket expenditure; PCE, ppitadousehold consumption expenditure. UEBMI, WrEmployee Basic
Medical Insurance; URBMI, Urban Resident Basic Matlinsurance; NCMS, New Rural Cooperative MedBaieme; Others,

government healthcare, private medical insurandesaron Cl, confidence interval.
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Figure 1. Frequency of outpatient care and stays in hospital by physical and mental disorder,
2011-15.
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