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Abstract
Background: In response to the rapidly aging population with anticipated growth of chronic disabling
diseases, the National Health Insurance program in Taiwan has established home health care services
since 1995. Medically and functionally compromised elders with multiple chronic conditions, tend to have
increased need for home health care (HHC) and higher medical costs. Our study aimed to identify health
expenditure and its in�uencing factors among home care patients and to clarify whether regular HHC
visits reduce health expenditure.

Methods: A retrospective observational cohort study on individuals receiving HHC was conducted at
National Taiwan University Hospital Bei-Hu Branch from 2010 to 2015. Patients aged < 20 years, did not
receive HHC for at least 6 months, or did not receive regular hospital care at our healthcare system were
excluded. The patient characteristics, health service utilization, and health expenditure were collected.
Total health expenditure was de�ned as the sum of outpatient clinic, emergency department and
hospitalization cost. Considering the distribution of costs data was highly skewed, a generalized linear
model was applied to estimate the impact patient factors on healthcare expenditure.

Results: A total of 1,285 home care patients, mean age 79.4±12.9 years and males 50.9%, were enrolled.
The majority (85%) of the study population were totally dependent in daily activities with Barthel index 0-
20, and had Charlson comorbidity index score≥4. The median monthly total expenditure per person was
US$737 (IQR, 229-1,935), which broke down to US$414 (IQR,56-1,234) for hospitalization, US$170
(IQR,73-369) for outpatient clinic, and US$60 (IQR, 9-150) for emergency department. Home care patients
with higher need for nursing services utilization (p<0.05), indwelling tracheostomy tube (p<0.05),
underlying neoplasm (p<0.05), or registry of catastrophic illness certi�cate (p<0.001), had higher health
expenditure. On the other hand, regular HHC visits signi�cantly lowered total health expenditure
(p<0.001).

Conclusions: Patient characteristics that incurred higher health expenditure were identi�ed, whereas
regular HHC visits have a potential role to reduce expenditure in the disabled homebound population. The
visit number and frequency of HHC should be taken into account when making reimbursement policy in
order to provide a sustainable and cost-effective HHC program.

Background
With a rapidly aging population and prolonged life expectancy, the incidence of chronic diseases,
disability, and functional impairments has increased dramatically, which poses new challenges to our
society’s health care systems, social care, and health expenditure.1–3 Many elderly or community-dwelling
individuals have high symptom burdens that make them di�cult to get to the doctor’s clinic and receive
medical care.4, 5 Home health care (HHC) has therefore became important for these disabled homebound
population. HHC represents a comprehensive, longitudinal care provided by a physician-supervised
interdisciplinary team in the homes of patients. The provision of HHC has accelerated especially in the
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era of coronavirus disease 2019 (COVID-19) pandemic, because care at home can reduce the risk of
exposure in the hospital and help capacity constraints in healthcare facilities.6 In addition, HHC services
have been repeatedly shown to improve continuity of care, as well as reduce risk of readmission and
mortality.7, 8

As the number of homebound individuals continue to rise, the demand for HHC also expands. 9 In the
United States, about 3.4 million Medicare fee-for-service bene�ciaries received HHC in 2018, and the
program spent $17.9 billion on HHC services. 10 Medicaid expenditures for home and community-based
services have grown signi�cantly, more than doubling from $25.1 billion in 2002 to $55 billion in 2012. 11

How to establish a sustainable and cost-effective home health care program for homebound population
has become even more critical.

Homebound individuals with multiple comorbidities or disabilities commensurately have increased
healthcare utilization and higher health expenditure.12, 13 In the US, the health expenditure among
homebound Medicare bene�ciaries with impaired function is twice as much as those similar bene�ciaries
with intact function.14 However, no consensus has been reached on the most effective way to provide
HHC.15, 16 In part, the lack of consensus may be due to insu�cient published literatures to determine the
clinical impact and economic effect of HHC.17, 18 Factors associated with health expenditure in the
homebound population remain unclear.19 Given the implementation of the HHC emphasized value-based
care, health providers need to create care models that produce good clinical results and prevent high-cost
events.

This study aimed to identify the health expenditure and its in�uencing factors among home care patients
and to clarify whether regular home health care visits reduce health expenditure. We identify which kind
of chronic condition and patient characteristic incur higher health expenditure. Understanding factors
contribute to health expenditure will help healthcare professionals and government develop strategic
framework and provide effective HHC.

Methods
Taiwan's National Health Insurance (NHI) Reimbursement of Home Health Care (HHC) Program

The National Health Insurance (NHI) program in Taiwan has reimbursed HHC services since 1995, and
the reimbursement includes physician or nurse visits, general nursing services, special skilled nursing
services such as indwelling tube exchange and blood sampling.20 Enrollment criteria for the HHC
program are focused on patients who meet one of the following conditions: (1) patients who are
immobile and spends more than 50% of the time while awake either bed-bound or chair-bound; (2)
patients who have a de�nite need for medical or nursing services; (3) chronic disease patients who
require long-term nursing care or patients who need continual nursing care after being discharged from
the hospital. If a physician assesses that a hospital patient quali�es for HHC, the patient will be referred
to the hospital’s home care department or transferred to another health care or nursing care institution. If
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the patient has not been hospitalized, but the physician �nds he or she meets the conditions required for
HHC, the patient can apply directly for home health care with a health care or nursing care institution that
has a home care department. The patients receiving HHC are categorized into 4 resource utilization
groups (RUGs) according to the NHI reimbursement policy: RUG-1 is patients with HHC who need medical
care or general nursing services only; RUG-2 to RUG-4 are groups of patients with HHC who need 1, 2, and
more than 3 kinds of skilled nursing services, respectively. The NHI reimburses nursing visits with �xed
rates according to RUGs, whereas physician visits in a �xed payment regardless of RUGs.
Study design and setting

This retrospective cohort study was conducted in the HHC unit a community hospital in northern Taiwan.
Participants were eligible for HHC if they �t the enrollment criteria of NHI and resided within 10km from
the hospital. Study population was individuals enrolled in the HHC program from 2010 to 2015. We
collected the home visit records and baseline demographic data from the electronic medical records of
our hospital. The outpatient department records, emergency department records, and hospitalization
records were linked with the integrated healthcare information system of our hospital. Patients who did
not receive regular hospital care at the healthcare system of our hospital were excluded. The regular
hospital care referred to routine health check-up every 3 months at the clinic of our hospital or its
branches. Patients aged < 20 years and who did not receive HHC for at least 6 consecutive months were
also excluded. The study �ow diagram is shown in Fig. 1. The study was approved by the Institutional
Review Board of National Taiwan University Hospital (NTUH-IRB-201606024RINC).

Data collection

We collected the following data for each patient based on the home health care records at the time of
enrollment: age, sex, Charlson Comorbidity Index (CCI)21, Barthel Index (BI) scores22, registry of
catastrophic illness certi�cate, and indwelling tubes. Major diagnoses were identi�ed by their medical
records, coded according to the International Classi�cation of Diseases, Tenth Revision, Clinical
Modi�cation (ICD-10-CM) codes. For further analysis, major diagnoses were thereafter categorized into 6
main homogeneous groups including cardiovascular disease, cerebrovascular disease,
neurodegenerative disorder, neoplasm, diseases of genitourinary system, and others. In addition, patients
with severe illnesses can apply for catastrophic illness certi�cation under the NHI program, so as to be
exempted from certain copayments when getting care for the illness or related conditions. Based on
previous studies, patients certi�ed with catastrophic illness had signi�cantly more healthcare utilization
and higher health expenditure,23, 24 which was also an important variable to be considered.

As for health expenditure, the outpatient department (OPD) visits, emergency department (ED) visits, and
hospitalizations expenditure were retrieved from the electronic medical records of the hospital integrated
healthcare information system. ED visits that lead to hospitalizations were counted as both ED visits and
hospitalizations. Health expenditures were analyzed using the perspective of the payer, in this case, the
NHI program in Taiwan. The aggregate health expenditure for all individuals, including from the start of
the program to the end of the study period or death of the individuals, were analyzed. Total health
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expenditure was de�ned as the sum of outpatient clinic, emergency department, and hospitalization
expenditure. Currency was converted using the average exchange rate from 2010 to 2015 (1 US$ = NTD
30.54). 25 

Statistical analysis

Baseline characteristics were presented as frequency for categorical variables, as mean +/- standard
deviation (SD) for normally distributed continuous variables, and as median (interquartile range, IQR) for
continuous variables with skewed distributions. The Shapiro-Wilk test was used to test for normal
distribution. Accordingly, median was compared using the Mann-Whitney test or the Kruskal-Wallis test.
Considering the distribution of costs data was highly skewed, a generalized linear model (GLM) was
applied to estimate the impact of patient factors on the healthcare expenditure, as recommended in
previous research for health care cost data26. The marginal effects of the variables in USD were
computed from the GLMs. A two-tailed p value of < 0.05 was considered statistically signi�cant. All
analyses were conducted using SPSS version 23.0 (SPSS INC, Chicago, IL, USA).

Results
Patient characteristics

A total of 1996 participants received HHC services at our hospital from 2010 to 2015. Those who did not
receive regular hospital care at our healthcare system were excluded (n = 245). We also excluded patients
with age < 20 years (n = 8) and length of stay in the program < 6 months (n = 458). Finally, 1285 patients
were enrolled in this study. The mean age (± SD) was 79.4 ± 12.9 years, and 654 (50.9%) patients were
men. The median length of stay was 1.77 (IQR 1.07–3.02) years. 675 (52.5%) of participants died during
the follow-up period. The comorbidity burden was high in our study; 1088 (84.7%) of the patients had CCI
of 4 or greater. Most patients (84.8%) were totally functionally dependent (BI scores of 0–20). Besides,
most of the patients required at least one skilled nursing service, with 948 (73.8%) RUG-2, 268 (20.9%)
RUG-3, and 25 (1.9%) RUG-4. At the time of entering the program, 1244 (96.8%) participants had more
than or equal to one indwelling tubes, including 1008 (78.4%) nasogastric (NG) tubes, 422 (32.8%) Foley
catheters, and 110 (8.6%) tracheostomy tubes. Regarding major diagnosis, cardiovascular diseases
appeared to be the most common comorbidity with a prevalence of 42%, following cerebrovascular
diseases (18.7%) and neurodegenerative disorder (14%). The characteristics of the study population were
summarized in Table 1.
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Table 1
Basic Characteristics of the Study Population

Characteristics N = 1285

Age in years, mean (SD) 79.4 (12.9)

Age in group, n (%)

< 65

65–74

75–84

≥ 85

 

131 (10.2%)

179 (13.9%)

490 (38.1%)

485 (37.7%)

Sex, n (%)

Male

Female

 

654 (50.9%)

631 (49.1%)

CCI score, n (%)

≤ 3

≥ 4

 

197 (15.3%)

1088 (84.7%)

BI, n (%)

≥ 21–60, moderate - severe dependent

0–20, totally dependent

 

196 (15.2%)

1089 (84.8%)

RUG, n (%)

1

2

3

4

 

44 (3.4%)

948 (73.8%)

268 (20.9%)

25 (1.9%)

Indwelling tubes, n (%) *

NG tube

Foley catheter

Tracheostomy tube

 

1008 (78.4%)

422 (32.8%)

110 (8.6%)

* Patients may have more than one indwelling tube

CCI = Charlson Comorbidity Index, BI = Barthel Index, RUG = resource utilization group, NG tube = 
nasogastric tube, SD = standard deviation
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Characteristics N = 1285

Major diagnosis, n (%)

Cardiovascular disease

Cerebrovascular disease

Neurodegenerative disorder

Neoplasm

Diseases of Genitourinary System

Others

 

540 (42%)

240 (18.7%)

180 (14%)

120 (9.3%)

60 (4.7%)

145 (11.3%)

Catastrophic illness, n (%)

Yes

No

 

391(30.4%)

894(69.6%)

* Patients may have more than one indwelling tube

CCI = Charlson Comorbidity Index, BI = Barthel Index, RUG = resource utilization group, NG tube = 
nasogastric tube, SD = standard deviation

 

Health expenditures

The median monthly total expenditure per person was US$737 (IQR, 229-1,935), which broke down to
US$414 (IQR,56 − 1,234) for hospitalization, US$170 (IQR,73–369) for OPD, and US$60 (IQR, 9-150) for
ED. We then analyzed the effect of pre-existing conditions and regular home health care visits on total
health expenditure (Table 2). Age, CCI, BI, RUG, indwelling tracheostomy tube, major diagnosis, registry of
catastrophic illness, and home health care visits were signi�cantly associated with health expenditure.
We observed no signi�cant differences between different groups based on patient sex.
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Table 2
Association between variable of interest and total health expenditure

Variable Median monthly cost (IQR) in USD p value

Age

< 65

65–74

75–84

≥ 85

 

1214.7 (386.8–3640.5)

825.2 (256.8–2439.9)

679.6 (197.6–1686.3)

700.7 (184.3–1604.7)

< 0.001*

Gender

Male

Female

 

779.4 (196.5–2130.1)

671.1 (242.5–1687.0)

0.487

CCI

≤ 3

≥ 4

 

861.1 (321.6–2655.6)

718.0 (184.1–1731.9)

< 0.001*

BI

≥ 21–60, moderate - severe dependent

0–20, totally dependent

 

824.3 (315.8–2656.2)

726.4 (191.2–1727.5)

0.009*

RUG

1

2

3

4

 

582.0 (173.3–1659.7)

707.5 (206.0–1742.0)

948.4 (307.7–2459.8)

1686.2 (147.3–2978.7)

0.021*

Indwelling tubes

NG tube

Foley catheter

Tracheostomy tube

 

771.1 (234.7–1875.6)

648.0 (130.7–1961.4)

1505.9 (762.5–3446.1)

 

0.851

0.141

< 0.001*

* p < 0.05

CCI = Charlson Comorbidity Index, BI = Barthel Index, RUG = resource utilization group, NG tube = 
nasogastric tube
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Variable Median monthly cost (IQR) in USD p value

Major diagnosis

Cardiovascular disease

Cerebrovascular disease

Neurodegenerative disorder

Neoplasm

Diseases of Genitourinary System

Others

 

656.6 (174.7–1437.9)

781.4 (236.2–1931.0)

381.7 (91.3–1639.3)

2623.7 (924.1–5114.5)

775.9 (1245.0–2172.4)

737.0 (298.8–1907.7)

< 0.001*

Registry of catastrophic illness

No

Yes

 

491.4 (92.1–1183.0)

1932.4 (735.3–3890.7)

< 0.001*

Number of home health care visits

≤ 12/year

> 12/year

 

1171.9 (262.4–2938.5)

548.7 (200.2–1188.2)

< 0.001*

* p < 0.05

CCI = Charlson Comorbidity Index, BI = Barthel Index, RUG = resource utilization group, NG tube = 
nasogastric tube

 

In the generalized linear model, RUG-2 (p = 0.029), RUG-3 (p = 0.003), indwelling tracheostomy tube (p = 
0.025), major diagnosis of neoplasm (p = 0.027), and registry of catastrophic illness (p < 0.001)
signi�cantly increased health expenditure as shown in Table 3. On the other hand, home care visits > 12
times per year was signi�cantly associated with lower health expenditure (p < 0.001). To evaluate the
robustness of our results, we further evaluated the expenditure of ED, OPD, hospitalization in relation to
regular home care visits. Home care visit > 12 times per year had signi�cantly lowered an average of
US$30.4 (34.06%) on ED (p < 0.001), US$34.2 (16.62%) on OPD (p = 0.001), and US$254.6 (37.06%) on
hospitalization (p < 0.001) expenditure (Fig. 2).
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Table 3
Generalized linear models for factors associated with total health expenditure

Variable Monthly cost difference in USD p value

Age    

< 65 Reference  

65–74 -279.0 0.233

75–84 -349.1 0.081

≥ 85 -126.6 0.566

CCI    

≤ 3 Reference  

≥ 4 -611.7 0.548

BI    

≥ 21–60, moderate - severe dependent Reference  

0–20, totally dependent 795.7 0.438

RUG    

1 Reference  

2 549.4 0.029*

3 928.4 0.003*

4 886.1 0.060

Tracheostomy    

No Reference  

Yes 508.9 0.025*

Major diagnosis, n (%)    

Cardiovascular disease 11.9 0.948

Cerebrovascular disease -36.7 0.855

Neurodegenerative disorder -364.1 0.059

Neoplasm 649.9 0.027*

* p < 0.05

CCI = Charlson Comorbidity Index, BI = Barthel Index, RUG = resource utilization group, NG tube = 
nasogastric tube
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Variable Monthly cost difference in USD p value

Diseases of Genitourinary System 18.1 0.952

Others Reference  

Registry of catastrophic illness    

No Reference  

Yes 1660.7 < 0.001*

Number of home health care visits    

≤ 12/year Reference  

> 12/year -1150.2 < 0.001*

* p < 0.05

CCI = Charlson Comorbidity Index, BI = Barthel Index, RUG = resource utilization group, NG tube = 
nasogastric tube

Discussion
Aging population with multiple comorbidities increased not only the need for HHC but also the economic
burden on health expenditure. The NHI in Taiwan is on an unsustainable growth path in terms of health
care expenditure and must get costs under control.27 Economic aspects should be an integral part of HHC
in order to provide comprehensive, cost effective care and create sustainability.16 We thus conducted this
retrospective cohort study to identify factors associated with health expenditure among HHC patients.
The majority (85%) of patients in our study had multiple chronic conditions with CCI of 4 or greater, and
totally functionally dependent (BI scores of 0–20). The study population was vulnerable and dependent,
which was similar to other home care studies in Taiwan and worldwide.5, 8, 28 Our study demonstrated
that higher health expenditure was associated with the diagnosis of neoplasm, registry of catastrophic
illness, indwelling tracheostomy tube, and requirement of higher need for skilled nursing services. On the
other hand, regular HHC visits had the potential to reduce expenditure for ED, OPD, and hospitalization, as
well as total health expenditure of home care patients.

In our study, we observed that the majority of health expenditure among home care patients is attributed
to hospitalization. Regular HHC visits may contribute to the improvement of preventive intervention and
the early response to initial phases of exacerbation, which minimize unnecessary hospitalizations and
thereby reduce health expenditure.28, 29 Previous studies have shown that HHC could reduce hospital
admissions and health expenditure in individuals with heart failure30, chronic obstructive pulmonary
disease31, or any acute infection32, 33. One study regarding disabled people who received HHC in Taiwan
indicated that higher intensity of nursing visit (more than 12 times per year) was associated with a
signi�cant reduction in the risk of hospitalization and emergency services use; while higher intensity of
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physician visit (more than 6 times per year) was associated with fewer emergency services use.5 Worthy
of note is that our study disclosed further information that regular home care visits have a potential role
to reduce expenditure in these highly dependent population.

On the other hand, health expenditure was higher among patients with the diagnosis of neoplasm or
registry of catastrophic illness certi�cate. For patients with high-cost serious illnesses, detailed care
coordination by an interprofessional team, creation of a long-term relationship with patients and their
family caregivers, and elicitation of patients’ preferences are key elements in providing high quality of
care.34 Since HHC providers not only understand the patients’ diseases but also know their life directives,
caregiver resources, and family situation, they can help them make the decisions that best align with the
patients’ preferences. For frail patients with serious illnesses, before disease entering terminal stage, goal
of care should be discussed and early intervention of palliative management should be provided.35, 36

When patients’ condition worsen, HHC providers can deliver treatment plans that are concordant with
patients’ priorities, and avoid costly but futile treatments.37 A concurrent match cohort study published in
2018 had reported that savings of home-based primary care were mostly in end-of-life stage.17

Recognition of patient preferences should be enhanced in HHC providers, especially in patients’ with
underlying neoplasm or catastrophic illnesses.

Furthermore, long-term indwelling tubes may increase the risk of infection, patient morbidity, and
mortality resulting in increased healthcare use and expenditure.38–40 The tube placement rate among
HHC patients was high in our study. 96.8% of participants had at least one indwelling tubes. Previous
studies disclosed that the prevalence of indwelling urinary catheters or nasogastric tube insertion among
long-term care patients in Taiwan is higher than that in the United States or European countries.39, 41, 42

We found that indwelling tracheostomy tubes, as well as RUG-2 and RUG-3, were associated with higher
health expenditure. Because the NHI in Taiwan reimburses home nursing visits at a �xed rate based on
RUG classi�cations of patients, which is dependent on the number of skilled nursing services, this fee-for-
service payment might result in the high rate of tube placement and the potentially inappropriate
intubation of HHC patients.43, 44 However, we believe that government should provide incentives for HHC
providers to remove unnecessary indwelling tubes and proposes care provisions to prevent catheter-
associated infection, in order to reduce health expenditure.45

Our study has several limitations. First of all, this is a single-center, retrospective cohort study. Although
the size of study population included 1285 participants, the generalizability of these results to the
nationwide or worldwide population may not be fully applicable. In addition, for those countries with
social health insurance coverage of HHC, the number of HHC visits should be taken into account when
making reimbursement policy. Secondly, our data did not provide detailed socio-economic information
such as family composition, caregiver status, polypharmacy and nutrition status, which precluded
analysis of possible contributing factors. Furthermore, much development of new home care model
including adoption of telemedicine has occurred in the past years, so further analysis with more recent
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data would be informative. Despite these limitations, our study �ndings still provide a better
understanding of factors affecting health expenditure among home care patients.

Conclusions
Home care patients with higher need for nursing services utilization, indwelling tracheostomy tube,
underlying neoplasm, or registry of catastrophic illness certi�cate, had higher health expenditure.
Proactive, regular HHC visits can help reduce health expenditure, especially hospitalization. Our study
results should be accounted for further cost analyses and in future reimbursement programs. Further
studies investigating the appropriate intensity of home care visits by different disciplines to provide cost-
effective services are warranted.
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Figures

Figure 1

Study �owchart. NTUH: National Taiwan University Hospital, NTUH-IHIS: National Taiwan University
Hospital integrated healthcare information system
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Figure 2

Comparison of health expenditure in relation to regular home care visits. ED: emergency department,
OPD: outpatient department, USD: US dollar


