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Abstract
Background  Population aging has increased the prevalence of multimorbidity, jeopardizing the sustainability and 
efficiency of healthcare systems. This study aimed to evaluate the effects of an integrated ambulatory care program 
(IACP) on healthcare utilization and costs among older patients with multimorbidity while accounting for the 
confounding effects of frailty.

Methods  A retrospective cohort study using propensity matching including patients aged 65 or older with two or 
more chronic conditions attending the outpatient clinic at our hospital between June 1 and December 31, 2019, was 
conducted. Exposure was defined as receipt of IACP care. Patients not undergoing the IACP comprised the unexposed 
group and were matched at a ratio of 1:4 to patients undergoing the IACP group according to sex, age, Charlson 
Comorbidity Index score, multimorbidity frailty index score, and number of outpatient visits within 6 months before 
the index date. Outcomes were changes in healthcare utilization and related costs between 6 months before and 
after receiving IACP care. Multivariate regression analyses were used for data analysis and the Generalized Estimation 
Equation method was used to fit the regression models.

Results  A total of 166 (IACP) and 664 (non-exposed) patients were analyzed. The mean participant baseline ages 
were 77.15 ± 7.77 (IACP) and 77.28 ± 7.90 years (unexposed). In univariate analyses, the IACP group demonstrated 
greater reductions than the unexposed group in the frequency of outpatient visits (-3.16 vs. -1.36, p < 0.001), 
number of physicians visited (-0.99 vs. -0.17, p < 0.001), diagnostic fees (-1300 New Taiwan Dollar [NTD] vs. -520 NTD, 
p < 0.001), drug prescription fees (-250 NTD vs. -70 NTD, p < 0.001), and examination fees (-1620 NTD vs. -700 NTD, 
p = 0.014). Multivariate analyses demonstrated that patients in the IACP group experienced significant reduction in 
the frequency of outpatient visits (95% CI: -0.357 to -0.181, p < 0.001), number of physicians visited (95% CI: -0.334 to 
-0.199, p < 0.001), and overall outpatient costs (95% CI: -0.082 to -0.011, p = 0.01). However, emergency department 
utilization, hospitalization, and costs did not differ significantly.
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Background
Progress in public health and demographic changes are 
causing a shift in the burden of disease towards chronic 
noncommunicable diseases, which pose considerable 
challenges for healthcare systems. According to the 
World Health Organization (WHO), the global popula-
tion aged > 60 years will increase to two billion by 2050, 
and the prevalence of chronic noncommunicable dis-
eases may increase thereafter, particularly among older 
adults [1]. Multimorbidity, defined as the presence of two 
or more chronic diseases in the same individual, is asso-
ciated with complex care needs and leads to increased 
utilization of healthcare services [2]. Knickman et al. 
reported that 85% of all healthcare resources are utilized 
by patients with at least one chronic disease and 65% are 
spent on patients with multimorbidity [3]. Despite the 
fact that management of multimorbidity exhausts most 
healthcare resources, health outcomes are suboptimal [4, 
5]. There is an increasing concern that the highly special-
ized modern medical science and evidence-based guide-
lines tend to focus on single conditions; however, this 
approach fails to meet the growing needs of patients with 
multimorbidity and leads to fragmented medical care 
that is potentially harmful and duplicated services [6, 7].

According to a systematic review by Desmedt et al., 
integrated care has received increasing attention because 
it is considered effective in reducing fragmented services, 
improving the quality and continuity of care, and control-
ling healthcare expenditures [8]. According to the WHO 
integrated care encompasses a wide spectrum of delivery, 
management, and organizational health services related 
to health promotion, disease prevention, diagnosis, treat-
ment, disease management, rehabilitation, and palliative 
care [9]. Integration aims to ensure that people receive 
a continuum of care at different levels and sites within 
the health system according to their needs throughout 
their life course. It also facilitates improvement in patient 
experiences through care coordination [10].

Although there is a widespread belief that integrated 
care can control or reduce healthcare utilization and 
related costs, relatively few studies have evaluated the 
economic impact of integrated care approaches [8, 11–
14]. Earlier studies suggested that integrated care is cost-
effective [13] and is likely to reduce costs and improve 
healthcare outcomes [12]. However, a recent systematic 
review of randomized clinical trials assessing the effec-
tiveness of integrated models for older patients with 
chronic diseases in 2022 found that interventions imple-
mented in the models are varied, and it was not possible 

to determine a single care model as effective [11]. The 
present body of literature is inconclusive regarding the 
potential economic impact of integrated care. However, 
most economic outcomes focus on hospital utilization, 
including (re)admission rates and emergency visits [13]. 
There is a scarcity of robust evidence on the economic 
impact of integrated care on the utilization of outpatient 
services.

Asia is experiencing a rapidly aging population. In 
addition to Japan, which has the world’s leading life 
expectancy and percentage of older people, many Asian 
countries are experiencing faster demographic changes 
than European and North American countries, and 
healthcare expenditures have increased substantially 
[15]. Therefore, Asia faces the double burden of multi-
morbidity and the risk of financial sustainability of the 
healthcare system as many countries provide universal 
health coverage [16]. For example, a study in Beijing, 
China, showed that the medical costs of patients with 
multimorbidity were 3.4 to 5.3 times higher than those 
with only one chronic condition [17]. Nevertheless, little 
is known about the impact of integrated care, particularly 
outpatient-based interventions, on healthcare utilization 
and costs among older patients with multimorbidity in 
Asian countries. In four recent systematic reviews on the 
effectiveness of integrated care models that included 252 
studies [8, 11, 12, 14] only two were conducted in Asia 
[18, 19]. Lin et al. identified 23 integrated care programs 
in 7 Asian countries; however, only one examined outpa-
tient attendance changes, and only four examined cost 
changes, indicating that more research is needed for the 
development of integrated care programs [20].

Moreover, to date, no previous study has considered 
the confounding effects of frailty on healthcare utiliza-
tion and costs in relation to integrated care among older 
adults. Frail older adults are susceptible to adverse health 
outcomes, including falls, delirium, disability, hospital-
ization, and mortality, thereby increasing their health-
care utilization [21]. Li et al. demonstrated the significant 
impact of frailty status on outpatient visits and medical 
expenditures [22]. To improve research validity and mini-
mize bias, it is essential to collect information on frailty 
status and effectively manage confounding effects on eco-
nomic outcomes through proper study design and statis-
tical analyses.

To bridge this knowledge gap, we evaluated the impact 
of an integrated ambulatory care program (IACP) on 
healthcare utilization and cost-related outcomes among 

Conclusions  Expanding IACPs may help patients with multimorbidity reduce their use of outpatient clinics at the 
6-month follow-up, reduce care fragmentation, and promote sustainability of the healthcare system.
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older adults with multimorbidity at a university hospital 
in Taiwan.

Methods
Study design
This retrospective cohort study was conducted at a 1,193-
bed university hospital in Taiwan. This study is reported 
according to the Strengthening the Reporting of Obser-
vational Studies in Epidemiology statement [23] (Supple-
mentary Table 1).

Data source
The dataset for this study was extracted from hospital 
medical records by hospital information technologists.

The integrated ambulatory care program
The IACP in the study hospital was developed and has 
been offered to patients with multimorbidity since July 
1, 2019, to reduce unnecessary utilization of healthcare 
resources and negative health outcomes. The program 
was partially supported by the Taiwan National Health 
Insurance (NHI) [24]. Patients voluntarily participated in 
the program, and written informed consent was obtained 
before attending the program. The program involves 
multidisciplinary teamwork, comprehensive functional 
assessments, medication reviews, and case management. 
The multidisciplinary team that implemented the pro-
gram consisted of case managers, physicians trained as 
integrated care specialists, and pharmacists. During the 
first service session, the case manager comprehensively 
assessed physical, cognitive, nutritional, and mood func-
tions. The comprehensive assessment evaluated the activ-
ities of daily living, according to the Barthel Index [25]; 
cognitive function, according to the Short Portable Men-
tal Status Questionnaire (SPMSQ) [26]; frailty, according 
to the Clinical Frailty Scale (CFS) [27]; mood, according 
to the five-item Geriatric Depression Scale (GDS-5) [28]; 
and nutritional status, according to the Mini Nutritional 
Assessment–Short Form (MNA-SF) [29]. A pharmacist 
reviewed the medication regimens of patients. Informa-
tion on each medication regimen was retrieved from the 
NHI MediCloud system of Taiwan, which allows medi-
cal professionals to access prescription records provided 
by various hospitals and clinics [30]. The case manager 
and pharmacist then provided feedback to the physician 
responsible for the integration. The physician then cre-
ated a care plan according to the medical condition and 
preferences of the patient, and the recommendations of 
the multidisciplinary team. After the initial service ses-
sion, the patients were followed-up on two occasions by 
case managers to ensure that no major adverse responses 
required further evaluation or intervention.

Study setting and participants
The study included patients who visited the internal, geri-
atric, or family medicine outpatient clinic at our hospital 
between June 1 and December 31, 2019. The index date 
was defined as the date of the first outpatient visit.

Inclusion criteria were as follows: (1) age 65 years or 
older, (2) more than two chronic conditions, (3) use of 
more than five medications for chronic disease manage-
ment, and (4) consultation with more than two physi-
cians for chronic disease management. Patients aged 65 
years or older were selected because the pharmacists 
applied the latest version of the Beers Criteria to identify 
potentially inappropriate medication and these criteria 
only apply to patients aged 65 years or older [31]. Patients 
with more than two chronic conditions were included to 
meet the criteria for multimorbidity [2]. Patients under-
going treatment with more than five medications were 
included according to the most commonly reported defi-
nition of polypharmacy [32] To evaluate the effective-
ness of the complete process of the IACP and to compare 
healthcare utilization and costs for 6 months before and 6 
months after the program, we excluded the following: (1) 
patients undergoing active cancer treatment (chemother-
apy, radiation therapy, and target therapy); (2) patients 
undergoing clinical trials; (3) patients with no outpatient 
utilization at the study hospital at 6 months after the 
index date; (4) patients who died within 6 months after 
the index date; (5) patients extreme medical costs; (6) 
patients lost to follow-up after the index date (6) received 
the program during the outcome evaluation period 
(between January 1 and June 30, 2020).

Exposed and unexposed group
Exposure was defined as receiving care under the IACP 
between June 1 and December 31, 2019. Patients in 
the unexposed group included those who were not in 
the IACP and were matched using a propensity score 
matching algorithm at a ratio of 1:4 to those in the IACP 
group using five variables: sex, age, Charlson Comorbid-
ity Index (CCI) score [33], multimorbidity Frailty Index 
(mFI) score [34], and number of outpatient visits within 
6 months before the index date. The matching was pro-
cessed using a greedy nearest neighbor algorithm with a 
caliper of 0.2 times the standard deviation of the logit of 
the propensity score, with a random matching order and 
without replacement.

Outcomes
The primary outcomes were changes in outpatient ser-
vice utilization, including the number of outpatient clinic 
visits, number of physicians visited, and outpatient ser-
vice costs between 6 months before and 6 months after 
the commencement of the program. We measured the 
overall costs of the outpatient services and subsidiaries, 
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including diagnostics, drugs, prescription services, treat-
ment, and examination fees.

Secondary outcomes included changes in the num-
ber of emergency department (ED) visits, hospitaliza-
tions, length of hospitalization (days), costs of ED visits, 
and costs of hospitalizations between 6 months before 
and 6 months after the commencement of the program. 
We measured only the overall costs of ED visits and 
hospitalizations.

Taiwan’s NHI system has adopted a single-payer system 
that primarily uses fee-for-service payments for medical 
services, examinations, and medications [35]. This study 
measured reimbursement payments from the NHI for 
general diagnoses and treatment, medical consultations 
and operations, and related expenses. We did not include 
out-of-pocket fees in this study.

Baseline characteristics and covariates
Baseline data on demographic characteristics, namely 
age, sex, and place of residence, were collected upon the 
inclusion of participants (index date). Furthermore, clini-
cal data, including body mass index (BMI), CCI scores 
for comorbidity status [33], number of chronic disease 
diagnoses, and mFI score for frailty status [35]. Poten-
tial covariates included age, sex, distance between home 
and hospital, comorbidities, frailty status, number of 
chronic diseases, and baseline use of outpatient services. 
The distance between home and hospital was categorized 
according to whether the distance required more than 
30 min of driving by car (yes or no).

Statistical analysis
Continuous variables are presented as means with stan-
dard deviations, and categorical variables are expressed 
as counts with percentages. Comparisons of variables 
between the exposed and unexposed groups were per-
formed using the chi-square test or Fisher’s exact test for 
categorical variables and the 2-sample t-test or Mann–
Whitney U test for continuous variables. Univariate anal-
ysis of the outcomes between 6 months before IACP and 
6 months after IACP or without IACP was performed 
using paired t-tests.

To adjust for the potential confounding effect of covari-
ates and assess the independent effect of IACP on out-
comes, we used (1) multivariate Poisson regression 
analyses for the number of outpatient visits, number of 
physicians visited, and length of hospital stay; (2) mul-
tivariate linear regression analyses for the costs of out-
patient services, ED visits, and hospitalizations; and (3) 
negative binominal regression analyses for the number of 
ED visits and hospitalizations. In addition, to account for 
the intercorrelations of data collected from exposed and 
unexposed participants 6 months before and 6 months 
after the index date, we used a Generalized Estimation 

Equation (GEE) to fit the Poisson, linear, and negative 
binomial regression models. Medical costs in New Tai-
wan dollars (NTD) were expressed after the logarithmic 
transformation of the original values in the multivariate 
analyses.

All the tests were two-tailed. Statistical significance 
was defined as p < 0.05. All statistical analyses were per-
formed using SAS software (version 9.4; SAS Inc., Cary, 
N.C., USA).

Ethical approval
The study protocol was approved by the Institutional 
Review Board of the National Cheng Kung University 
Hospital (A-ER-109-311).

Results
Characteristics of the study population
From June 1 to December 31, 2019, 194 patients partic-
ipated in the IACP and 2,098 did not participate in the 
IACP. Following the application of the exclusion criteria, 
167 older patients were included in the IACP group and 
1,830 in the unexposed group. Each IACP participant 
was matched 1:4 ratio to the unexposed group. No match 
was obtained for one patient in the IACP group, who was 
excluded. A total of 830 patients were enrolled in the final 
analysis: 166 in the IACP and 664 patients in the unex-
posed group. The mean age was 77.25 ± 7.87 years, and 
48.3% were male. The patients presented a high degree 
of comorbidity (mean CCI:3.70 SD:2.32) and mild frailty 
(mean mFI:0.10, SD:0.06). A flowchart of the patient 
selection process is shown in Fig. 1.

Initially, 16 patients participated in the IACP; however, 
they were lost to follow-up and were excluded. A com-
parison of the demographic characteristics and clini-
cal conditions of the IACP participants included in the 
study and those lost to follow-up is presented in Supple-
mentary Table 2. The analysis revealed no significant 
differences in demographic characteristics or clinical 
conditions between the participants included in the study 
and those lost to follow-up.

A comparison of the demographic characteristics and 
clinical conditions between the exposed and unexposed 
groups is presented in Table 1. Compared with the unex-
posed group, the IACP group had a significantly higher 
percentage of patients with diabetes (52.4% vs. 38%, 
p = 0.001) and a lower percentage of patients with chronic 
pulmonary diseases (13.3% vs. 22.7%, p = 0.008). No sig-
nificant differences in the other variables were observed 
between the IACP and unexposed groups.

Impact of the integrated ambulatory care program
The results of the univariate analysis of the outcome dif-
ferences between 6 months before and 6 months with or 
without IACP are presented in Table 2; Fig. 2. Compared 
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with the unexposed group, the IACP group experienced 
significant reductions in the frequency of outpatient 
visits (-3.16 vs. -1.36, p < 0.001) and the number of phy-
sicians visited (-0.99 vs. -0.17, p < 0.001). Reductions in 
the frequency of ED visits, hospitalizations, length of 
hospital stay, overall outpatient and ED care costs were 
also observed; however, these effects were not significant. 
Despite no significant reduction in the overall outpatient 
costs, the IACP group showed significant reductions in 
diagnostic costs, drug prescriptions, and examination 
fees. In contrast, hospitalization costs increased 6 months 
after the index date in both the IACP and unexposed 
groups; however, the differences were not significant 
between the two groups. The results of the multivariate 
analyses using regression models with the GEE method 
are presented in Table  3. After controlling for several 
confounding variables, patients in the IACP group expe-
rienced significant reduction in frequencies of outpatient 

visits (β=-0.269, 95% CI: -0.357 to -0.181, p < 0.001), num-
ber of physicians visited (β=-0.266, 95% CI: -0.334 to 
-0.199, p < 0.001), and overall outpatient costs (β=-0.046, 
95% CI: -0.082 to -0.011, p = 0.01). Although reductions 
in the frequency of ED visits, length of hospital stay, and 
overall ED care costs were observed, these differences 
were not significant. The frequency and cost of hospital-
ization tended to increase 6 months after the index date 
in the IACP group, but no significant effects were found.

Discussion
This study presents empirical results on the impact of 
implementing the IACP in Taiwan, including results 
on healthcare use, particularly outpatient attendance, 
and costs among older adults with multimorbidity. Our 
results showed that at the 6-month follow-up, program 
participants had a significant decrease in the frequency 
of outpatient visits, the number of doctors visited, and 

Fig. 1  Patient selection flowchart
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the overall cost of outpatient services. Therefore, the 
IACP may improve fragmented care and economic sus-
tainability in outpatient settings for older patients with 
multimorbidity.

Excessive outpatient clinic visits among patients with 
multimorbidity is a major problem in Taiwan. Although 
most healthcare services are covered by the NHI, high 
accessibility, low co-payment, and fee-for-service pay-
ment schemes result in high healthcare service utilization 
and disjointed care [36]. On average, older adults in Tai-
wan attend outpatient services nearly 30 times per year 
[37]. Therefore, since 2019, the NHI has encouraged and 
supported hospitals in establishing integrated ambula-
tory care services [24]. To the best of our knowledge, this 
is the first cohort study to explore the economic impact 
of an IACP in Taiwan.

Our finding that the number of outpatient clinic visits 
by IACP participants was reduced by 3.16 in 6 months 
suggests that the program may reduce the unnecessary 
use of outpatient services. Previous studies have dem-
onstrated a similar effect of integrated care programs. 
Leung et al. demonstrated that case management in a 
randomized controlled trial reduced outpatient atten-
dance [38]. In a UK study, Goldzahl et al. evaluated the 
effect of multi-disciplinary group meetings for the dis-
cussion of high-risk older patients on healthcare utili-
zation, and found that an integrated care intervention 
reduced the probability of visiting primary care nurses 
[39]. Case management and multi-disciplinary teamwork 
are important components of the program.

Multivariate analysis revealed that the IACP partici-
pants exhibited a significant decrease in the overall cost 
of outpatient services during the 6-month follow-up 
period. However, our study did not measure the costs 
associated with out-of-pocket payments, transporta-
tion, forgone earnings, productivity losses resulting from 
treatment, or time spent during informal caregiving. 
Considering the reduction in 3.16 outpatient clinic visits 
observed 6 months after starting the program, it is likely 
that costs related to transportation, earnings forgone, 
productivity losses, and time during informal caregiving 
were also saved after the program.

Wei et al. reported that an integrated geriatric outpa-
tient clinic reduced the annual costs of outpatient care 
and hospitalization by the time of the 1- and 2-year fol-
low-up. Although our findings are consistent with those 
reported by Wei et al. on the reduction of outpatient 
care costs, hospitalization costs were not reduced at the 
6-month follow-up in our study. Ye et al. examined the 
effectiveness of a pilot integrated care model (Louhu) 
among older Chinese adults and found no impact on hos-
pitalization costs at 1 year [40]. An explanation could be 
that the average number of hospitalizations among the 
participants in our study was less than 0.4 in 6 months. 
Therefore, our study may have been underpowered to 
determine this outcome. Further research with a larger 
sample size or participants with a higher risk of admis-
sion (e.g., participants recently discharged from the 

Table 1  Baseline demographic and clinical characteristics of 
study participants
Variables IACP

(n = 166)
Unexposed
(n = 664)

p 
value

ASMD#

Demographic 
characteristics
Age (years), mean (SD) 77.15 

(7.77)
77.28 (7.90) 0.850 -0.017

  Range (min–max) 65–94 65–99
Sex, male, n (%) 82 (49.4) 319 (48.0) 0.755 -0.027
Home to hospital dis-
tance ≤ 30 min car drive, 
n (%)

151 (91.0) 584 (88.0) 0.277

Outpatient department 
visits

9.07 (4.21) 9.27 (4.12) 0.566 -0.048

Clinical characteristics
Charlson Comorbidity 
Index, mean (SD)

3.72 (2.48) 3.70 (2.27) 0.909 0.010

Chronic diseases, mean 
(SD)

8.86 (3.39) 8.78 (3.18) 0.704

Multimorbidity frailty index 
score, mean (SD)

0.10 (0.06) 0.10 (0.06) 0.746 -0.029

BMI, mean (SD) 24.31 
(3.86)

24.50 (3.86) 0.586

Diseases, n (%)
  Diabetes 87 (52.4) 252 (38.0) 0.001*
  Diabetes with end-
organ damage

78 (47.0) 316 (47.6) 0.889

  Moderate-to-severe 
renal disease

76 (45.8) 327 (49.2) 0.425

  Peptic ulcer disease 38 (22.9) 129 (19.4) 0.320
  Cerebral vascular 
diseases

36 (21.7) 135 (20.3) 0.699

  Any tumor 25 (15.1) 117 (17.6) 0.434
  Dementia 25 (15.1) 100 (15.1) 1.000
  Chronic pulmonary 
diseases

22 (13.3) 151 (22.7) 0.008*

  Congestive heart failure 22 (13.3) 111 (16.7) 0.278
  Myocardial infarction 4 (2.4) 37 (5.6) 0.103
  Hemiplegia 3 (1.8) 6 (0.9) 0.324
  Peripheral vascular 
disease

2 (1.2) 23 (3.5) 0.146

  Metastatic solid tumor 2 (1.2) 4 (0.6) 0.422
  Mild liver disease 1 (0.6) 26 (3.9) 0.062
  Connective tissue 
diseases

1 (0.6) 22 (3.3) 0.091

  Moderate-to-severe liver 
disease

1 (0.6) 5 (0.8) 0.838

  Lymphoma 0 4 (0.6) -
  Leukemia 0 3 (0.5) -
  AIDS 0 2 (0.3) -
#ASMD, absolute standardized mean difference
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hospital) is required to determine the effect of the pro-
gram on the prevalence of hospitalization among older 
patients with multimorbidity.

The three aims of integrated care are to improve 
health and quality of care and reduce costs [12]. How-
ever, despite the increasing attention that integrated care 
has received, evidence indicates that reported programs 
are heterogeneous, and there is currently no universally 
accepted single best practice model or set of guidelines 
for implementing integrated care. Our study focused on 
older patients with multimorbidity, a group that expe-
rienced the detrimental effects of a fragmented health-
care system. This group has the greatest potential for 
improvement in terms of quality, cost-effectiveness, and 
efficiency.

Limitations and strengths
This study has several limitations, indicating the need for 
caution when interpreting the findings. First, our study is 
susceptible to selection bias because we excluded patients 
who died or were lost to follow-up. Despite the efforts of 
our case managers to contact participants who refused 
further follow-up and suggested rescheduling appoint-
ments, the patients still preferred to forego further ser-
vices. Nevertheless, there were no significant differences 
in the demographic characteristics and clinical condi-
tions between patients included in the study and those 
lost to follow-up. Second, we did not consider health-
care use at other medical facilities because we could 
only access the medical records at the study hospital. 
Third, this study involved patients from a single univer-
sity hospital, and our findings may not be generalizable 
to patients receiving health services at other institutions. 
Fourth, the cohort study design made it impossible to 
create a comparable unexposed group; therefore, residual 

confounding and confounding by indication might have 
affected the interpretation of the results. However, we 
addressed this problem in both the study design and data 
analysis stages by adopting propensity score matching 
and the GEE method with regression models. Propen-
sity score matching was used to eliminate confounding 
factors due to the measured covariates, particularly the 
effect of frailty status. Furthermore, we measured various 
covariates that were not considered in previous studies, 
such as frailty status, distance from home to the hospital, 
and baseline healthcare utilization. Our outcomes were 
repeatedly measured 6 months before and 6 months after 
the index date in both groups; therefore, the data were 
highly correlated. Using GEE methods with regression 
models helps improve the validity and precision of data 
analyses [41]. Finally, the retrospective data did not cover 
changes in the participant function or patient-related 
outcome measures, which are helpful in conducting dif-
ferent economic evaluations, such as cost-utility or cost-
benefit studies, and strengthen the value of the study.

Despite these limitations, the strengths of this study 
include the evaluation of economic outcomes, which 
are lacking in the current literature. The positive results 
obtained in this study can serve as a reference for other 
Asian countries wishing to develop integrated care 
for older adults with multimorbidity, and are there-
fore directly relevant to program managers and health-
care professionals. Our results can serve as a reference 
for future studies aimed at elucidating the influence of 
outpatient-based integrated care interventions on the 
economic outcomes of older patients with multimor-
bidity. From a public health efficiency perspective, inte-
grated care programs may serve as a promising solution 
to address the fragmentation and growing healthcare 
expenditures related to population aging.

Table 2  Univariate analysis of outcomes between 6 months before and 6 months after IACP or without IACP
IACP group (n = 166) Unexposed group (n = 664) p value
6 months before 6 months after difference 6 months before 6 months after difference

Outpatient department visits 9.07 (4.21) 5.91 (4.16) -3.16 (3.52) 9.27 (4.12) 7.91 (4.25) -1.36 (3.60) < 0.001*
Number of physicians visited 3.68 (1.69) 2.69 (1.54) -0.99 (1.27) 3.70 (1.47) 3.53 (1.56) -0.17 (1.20) < 0.001*
Overall Costs of outpatient care# 23.65 (13.84) 19.68 (14.98) -3.97 (11.94) 28.07 (28.61) 25.81 (29.10) -2.26 (19.86) 0.154
  Diagnostic fee 4.78 (1.52) 3.48 (1.52) -1.30 (1.25) 3.89 (1.39) 3.37 (1.58) -0.52 (1.24) < 0.001*
  Drug fee 10.27 (7.59) 9.70 (9.21) -0.57 (6.59) 15.33 (24.31) 13.84 (24.77) -1.49 (16.17) 0.252
  Prescription service fee 0.80 (0.43) 0.54 (0.40) -0.25 (0.27) 0.86 (0.44) 0.79 (0.50) -0.07 (0.28) < 0.001*
  Treatment fee 0.87 (1.50) 0.68 (1.94) -0.20 (1.93) 1.17 (3.08) 1.36 (5.05) 0.19 (4.56) 0.091
  Examination fee 5.12 (4.38) 3.52 (3.21) -1.61 (4.10) 4.77 (4.52) 4.08 (3.99) -0.70 (4.92) 0.014*
  Others 1.80 (7.24) 1.76 (4.63) -0.04 (5.67) 2.03 (4.87) 2.37 (6.09) 0.34 (6.17) 0.452
Emergency department visits 0.59 (1.16) 0.40 (0.84) -0.19 (1.21) 0.50 (1.17) 0.49 (1.15) -0.02 (1.12) 0.084
Overall Cost of emergency care# 3.69 (9.17) 2.96 (7.27) -0.73 (9.37) 3.67 (8.42) 3.89 (9.79) 0.22 (10.12) 0.251
Hospitalizations 0.22 (0.49) 0.19 (0.46) -0.03 (0.62) 0.33 (0.71) 0.28 (0.66) -0.05 (0.76) 0.668
Length of hospital stay (days) 1.78 (5.37) 1.71 (6.15) -0.07 (7.17) 2.48 (6.66) 2.89 (10.22) 0.41 (10.21) 0.481
Overall Cost of hospitalization# 11.06 (35.62) 12.58 (66.12) 1.53 (73.08) 23.31 (64.14) 26.89 (105.58) 3.57 (111.51) 0.774
# per 1,000 New Taiwan Dollar
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Conclusions
Population aging has increased the prevalence of multi-
morbidity, jeopardizing the sustainability and efficiency 
of healthcare systems. Hospital-based multidisciplinary 

IACP reduced outpatient visit frequency, physician vis-
its, and outpatient service costs among older patients 
with multimorbidity at the 6-month follow-up. Inte-
grated care may reduce care fragmentation and promote 

Fig. 2  Univariate paired t-test results for outcome variables
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sustainability of healthcare systems. However, future 
efforts should be made to develop integrated care models 
in various settings and assess their cost-effectiveness of 
integrated care.
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