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a b s t r a c t 

Background: Longitudinal trajectories of healthcare utilization, medication prescription, and clinical outcomes 
among older adults with disabilities receiving home healthcare (HHC) holds significance but remains elusive. 
Methods: People aged ≥ 65 years who newly received Taiwan’s National Health Insurance funded HHC program 

from January 2005 to December 2013 were identified. Healthcare utilization, life-sustaining treatment, medica- 
tion prescriptions (polypharmacy, psychotropics, anticholinergic burden and antibiotics), health status (Charl- 
son’s comorbidity index, CCI), and mortality were assessed over a 10-year period spanning 5 years before and 
after initiating HHC. 
Results: Overall, 187,547 patients (80.6 ± 7.7 years, 51.2 % females, CCI 3 + : 51.2 %) with a high prevalence 
of dementia (34.0 %), stroke (38.7 %), and pneumonia (49.5 %), and usage of life-sustaining treatment (urinary 
catheters: 82.8 % and nasogastric feeding: 78.7 %) were obtained. A sudden peak of admission rate at 1 year 
(91.7 %) before HHC, followed by the 70 % and 60 % admission rate in the first and second year after receiving 
HHC were found. Quarterly changes of using life-sustaining treatment showed significant increases from as early 
as 1 year prior to HHC. Gradual increases of polypharmacy, use of psychotropics, and antibiotic (4.5-fold and 
3-fold) after HHC further demonstrated the complex needs (both p < 0.01). The 5-year cumulative mortality rate 
was 81 % (40 % in the first year with an annual rate of 25 %). 
Interpretation: HHC recipients embody a confluence of complex care needs and high mortality risk, whereby 
various interventions aim to alleviate symptoms and sustain life. Engaging in proactive advanced care planning 
and end-of-life care should be prioritized when home healthcare is being contemplated. 
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. Introduction 

The extended life expectancy and disability-adjusted life years in ag-
ng population have resulted in a greater demand for healthcare among
lder individuals, particularly those with functional limitations and
hronic conditions [ 1–3 ]. Since multimorbidity and functional limita-
ions in older adults commonly require specialized and extensive care
 4 ], comprehensive care that encompasses personal, medical, nursing,
nd social needs is necessary for these older individuals with severe dis-
bilities to prevent unfavorable clinical outcomes and alleviate stressors.
espite the availability of nursing home care, home and community-
ased care is preferable due to its superior quality, social connected-
ess, reduced costs, and other benefits [ 5 ]. Therefore, home healthcare
HHC) services, defined as care provided by professionals to a person
t their own home, have been the primary service providers for older
ndividuals with severe disabilities, catering to their complex health and
ocial care needs [ 6 , 7 ]. 

Despite previous studies support the lower mortality and spending
mong older individuals with complete home health referrals, the ef-
ectiveness of HHC in reducing readmissions after acute care hospital-
zation remains inconclusive [ 8 , 9 ], indicating a need for HHC programs
o prioritize strategies aimed at enhancing their effectiveness [ 10 ]. Fur-
hermore, the persistently high rates of hospitalization and mortality
mong these patients indicate the ongoing challenges posed by their
oor health status [ 11 ]. These findings suggest that while HHC may be
 viable option for older individuals with severe disabilities, there is an
rgent need for optimized and advanced care plans to improve their clin-
cal outcomes and alleviate the heavy burden of healthcare utilization.
n addition, due to the limited life expectancy among older individuals
ith severe dependence, the inclusion of palliative care in HHC becomes
 critical issue that warrants further discussion. 

Gaining insights into healthcare utilization changes among patients
eceiving HHC might be the first step for developing an advanced care
lan aimed at improving clinical outcomes and reducing the burden.
owever, there is a paucity of studies with longitudinal data specifi-
ally examining the changes in healthcare resource utilization among
lder people receiving HHC, particularly prior to and following its ini-
iation. An in-depth analysis of healthcare resource utilization among
lder adults receiving HHC, especially the life-sustaining treatment and
ntensive care utilization, provides valuable insights into the current
ealthcare plan, resource consumption, and areas in need of improve-
ent. Through a thorough understanding of the utilization patterns, we

re able to develop effective advanced healthcare plans that optimize
esource utilization and enhance patient outcomes. 

Furthermore, a multitude of studies consistently demonstrate the
eightened risk of adverse clinical events associated with polypharmacy,
sychotropic agents, and anticholinergic burden in older adults. Given
he complex nature of their severe medical conditions and medication
egimens, it is imperative to comprehensively acquire a medication uti-
ization patterns and their changes throughout the course of HHC among
his population. Additionally, older individuals with severe disabilities
re particularly vulnerable to infections and related adverse outcomes
ue to compromised immune systems, reduced physiological reserves,
nd the impact of comorbidities. The utilization of antibiotics among
lder people receiving HHC, a highly susceptible population, warrants
ignificant attention and thorough discussion. 

Despite the prevalence of HHC in older adults with disabilities and
heir potential benefits, knowledge gaps persist regarding their health
ondition progression, healthcare utilization patterns, life-sustaining
reatment utilization, medication prescriptions, and clinical outcomes,
reating challenges for care quality improvement and healthcare sys-
em optimization. The present investigation endeavors to redress this
oid through an analysis of the inherent course of action of homebound
lder persons with disabilities prior to and post receipt of HHC provi-
ions, utilizing an all-encompassing dataset representative of the nation
nd encompassing all the aforementioned constituents. 
2

. Methods 

.1. Data source 

This population-based retrospective longitudinal study used Tai-
an’s National Health Insurance (NHI) data and analyzed the period
etween January 1, 2001, and December 31, 2018. The database was
escribed in detail in Supplement 1 . Mortality data obtained from the
ational Death Registry in Taiwan were used to estimate all-cause and
ause-specific mortality [ 12 ]. 

.2. Study population 

We identified beneficiaries ≥ 65 years who newly received NHI-
nanced HHC between 2005 and 2013, defined operationally as at least
ne outpatient visits with the case type code in 61, A1 (HHC provid-
ng in the homes), 66, 67, A6 or A7 (HHC providing in the long-term
are facilities). The information of NHI-financed HHC was described in
upplement 2 . The study defined incident cases as those individuals
ho lacked prior documentation of HHC for a span of three years pre-

eding the index date, yet were recognized as having availed of such
ervices for the initial time throughout the study phase, in consonance
ith the aforesaid standards. All eligible patients were followed from

he index date until: 1) death, 2) the end of 5-year follow-up, whichever
ame first. To evaluate the temporal variations in coexisting healthcare
tilization, medication prescriptions, and clinical outcomes among indi-
iduals receiving HHC, we extracted information from the 5-year period
efore (baseline) and 5 years after the initial date of service reception,
esulting in a 10-year observational timeframe. Baseline characteristics
f each case comprised age, sex, comorbidities, Charlson’s Comorbidity
ndex (CCI) as general health indicator, admission within 1 year before
HC. Valid comorbidities were determined by diagnoses documented
t least three times during outpatient visits or once upon admission,
nd their corresponding ICD-9-CM and ICD-10-CM codes are listed in
able S1 . Medication prescriptions, such as antibiotics, polypharmacy,
nd anticholinergic burden were also collected within 90 days before
HC. 

. Measures 

.1. Healthcare utilization 

Over a 10-year period (5 years prior and post-index date), health-
are utilization data was extracted among patients receiving HHC, in-
luding outpatient visits, emergency department (ED) visits, and admis-
ions. The utilization of life-sustaining treatment, which are aimed at
upporting physiological functions, were evaluated on a quarterly basis.
hese treatments included noninvasive positive pressure ventilators, en-
otracheal intubation, tracheostomy, nasogastric tube feeding, urinary
atheter, central venous catheter, total parenteral nutrition, dialysis,
xtracorporeal membrane oxygenation, cardiopulmonary resuscitation,
nd inotropic agents. 

.2. Medication prescriptions 

Changes in medication prescription, including polypharmacy, psy-
hotropic medications, anticholinergics, and antibiotics were analyzed
ith quarterly measurements over a 10-year period from 5 years before

he index date to 5 years after. Comprehensive information and the op-
rational definition pertaining to medication prescriptions in detail can
e found in Supplement 3 . 

.3. Clinical outcomes 

We investigated dynamic changes in the CCI as a measure of overall
ealth status 5 years prior to and after the start of HHC [ 13 ]. To gain
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Fig. 1. Annual Healthcare utilization among patients newly receiving home healthcare services over a 10-year time frame before and after initiation of services. A. 
Outpatient visit; B. Emergency room (ER) visit; C. Hospitalization. 
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eeper insight into their health status, 22 commonly reported diseases
mong older people were also analysed and displayed using normalized
eat maps to represent the data. In addition, all-cause and cause-specific
ortality were examined within one to five years after the index date.
aplan-Meier survival curves were plotted to evaluate all-cause mortal-

ty, while cause-specific mortality for various diseases, including car-
iovascular disease, stroke, respiratory disease, pneumonia, infectious
isease, and cancer, were reported with their corresponding ICD-9/-10-
M codes in Table S2. 

.4. Statistical analysis 

In this study, descriptive analyses were conducted using the com-
ercial software (SAS version 9.4, SAS Institute Inc. of Cary, NC, USA)

nd Joinpoint Trend Analysis software version 4.6.0.0 (National Cancer
nstitute, Bethesda, MD, USA). Baseline characteristics of the study pop-
lation were presented as numbers and frequencies (in percentage) for
ategorical data and mean and standard deviation for continuous data.
2 test and Joinpoint Trend Analysis were used to examine significant
hanges in the healthcare utilization and medication prescriptions over
0-year time frame. Significance was considered at the confidence level
f alpha (a) = 0.05. Kaplan-Meier survival curves of all-cause mortality
ere plotted using the life table method, which is implemented in the
AS LIFETEST procedure. 

. Results 

.1. Characteristics of people newly receiving HHC 

We assessed the attributes and medical resource utilization of
87,547 older people who received NHI-financed HHC in Taiwan from
005 to 2013, analyzing information from both pre- and post-index
ates over a period of 10 years to observe variations over time. Table S3

resents the baseline characteristics of the study population, revealing
 mean age of 80.6 ± 7.7 years at the index date, a slight majority of
1.2 % women, and a high prevalence (51 %) of a CCI of 3 or more,
eflecting a poor health condition. A significant portion of identified
ases had dementia (34.0 %), fracture (21.5 %), stroke (38.7 %), and
neumonia (49.5 %) at baseline, which are common indications for re-
3

eiving HHC. The prevalence of cardiometabolic comorbidities includ-
ng hypertension (66.4 %), diabetes mellitus (38.0 %), ischemic heart
isease (20.1 %), and heart failure (16.0 %) was also high. Moreover,
requently observed life-sustaining treatment, such as urinary catheter-
zation (82.8 %) and nasogastric tube feeding (78.7 %), were prevalent.
he majority of individuals had a history of hospitalization (91.8 %) and

ntensive care unit admission (45.5 %) at baseline, and a high percentage
ad received antibiotics (83.1 %) and intravenous antibiotics (72.3 %)
ithin the 90 days prior to initiating HHC. In addition, the prevalence of
olypharmacy (36.5 %) and excessive polypharmacy (41.9 %) at base-
ine was considerable. 

.2. Healthcare utilization 

In contrast to pre-services healthcare utilization, individuals re-
uired fewer outpatient visits compared to the pre-services period, with
he annual visits decreasing from 18.7 visits at five years prior to 13.2
isits at year 5 after HHC (p < 0.01) ( Fig. 1 A). However, individuals
ere more likely to require ED visits (p < 0.01) and experience hos-
italizations (p < 0.01) post-receiving HHC compare to pre-services
ealthcare utilization, with extended duration of stay ( Fig. 1 B and 1 C).
urthermore, the proportion of patients with hospitalizations increased
radually in the five years before receiving HHC (from 26.4 % in − 5
ears to 37.7 % in − 2 year, p < 0.01), followed by a sudden peak at − 1
ear (91.7 %). Approximately 70 % and 60 % of HHC recipients ever
dmitted in the first (71.4 %) and second year (59.6 %), with a subse-
uent plateau from the third to fifth year (ranging from 56.2 % at year
 to 52.5 % at year 5) after receiving HHC. The duration of hospital
tays gradually increased starting one year prior to receiving HHC, with
 mean duration of 14.1 days at two years prior and 18.7 days at one
ear prior (p < 0.01), which peaked at 21.5 days at year 1 and then
emained consistent from year 2 to year 5 ( p = 0.8). Similar trends were
ound in ED visits over 10-year time frame. 

The quarterly changes in utilization rates of life-sustaining treatment
howed an evident increase from as early as 1 year prior to receiving
ervices (p < 0.01), reaching a peak in the last quarter before or the first
uarter after receiving services ( Fig. 2 A and Table S4 ). For instance,
asogastric tube feeding showed an obvious increased from 8.4 % at –Q4
o 77.0 % at Q1 (p < 0.01), and urinary catheterization increased from
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Fig. 2. Quarterly changes in life-sustaining treat- 
ment and medication prescriptions among patients 
newly receiving home healthcare services within 5 
years preceding and afterwards. A. Measurement 
of life-sustaining treatment; Proportional distribu- 
tion of polypharmacy status; B. Mean number of 
concomitant medications, overall and stratified by 
comorbid medication, symptom relief medication 
and other; C. Cumulative percentage of psychotropic 
agent utilization, including antipsychotic, antide- 
pressant, anxiolytic, BZD, and antiepileptic; D. Mean 
score of anticholinergic burden. 
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2.1 % at –Q4 to 70.5 % at -Q1 (p < 0.01). Although the utilization rate
f life-sustaining treatment gradually decreased after the first quarter of
eceiving services and stabilized after the fifth quarter (p < 0.01), the
tilization rate was still higher (e.g. nasogastric tube: 54.2 % at Q20)
ompared to pre-service period. 
4

.3. Medication prescriptions 

Over the 5 years leading up to the receipt of HHC, there was a grad-
al increase in both the prevalence of polypharmacy (polypharmacy:
rom 30.9 % at -Q20 to 37.2 % at –Q1, p < 0.01; excessive polyphar-
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acy: from 14.5 % at -Q20 to 23.4 % at –Q1, p < 0.01) and the mean
umber of concomitant medications prescribed (from 4.6 medications
t -Q20 to 6.3 medications at –Q1, p < 0.01), which both contributed
rom the increase in medication for symptom relief (from 1.7 medica-
ions at -Q20 to 2.7 medications at –Q1, p < 0.01), comorbidity (from
.2 medications at -Q20 to 2.5 medications at –Q1, p < 0.01), and other
edications (from 0.8 medications at -Q20 to 1.1 medications at –Q1,
 < 0.01) ( Fig. 2 B and 2 C ). The increase was notably more pronounced
t the first quarter following the receipt of HHC, with a polypharmacy
revalence of 45.2 %, an excessive polypharmacy prevalence of 27.4 %,
nd a mean number of 7.3 medications, subsequently remaining stable.
he surge in polypharmacy at the first quarter was primarily driven by
he augment in symptom relief medications (from 2.7 medications at -
1 to 3.4 medications at Q1, p < 0.01) and other medications (from 1.1
edications at -Q1 to 1.3 medications at Q1, p < 0.01), compared to

omorbid medications (from 2.5 medications at -Q1 to 2.6 medications
t Q1). As per the Anatomical Therapeutic Chemical system, there was
 similar trend observed in the utilization of all medication categories
uring study period ( Fig. S1 ). 

The utilization patterns of psychotropic medications exhibited a sim-
lar trend. However, the notable increase in psychotropic medication
se following the initiation of HHC was primarily attributed to antipsy-
hotics (from 7.9 % at -Q20 to 19.6 % at Q20, p < 0.01) and antiepilep-
ics (from 3.6 % at -Q20 to 15.4 % at Q20, p < 0.01). At 5 years after
eceiving the HHC, approximately one in five (19.6 %) of HHC recipients
ere prescribed antipsychotics while one in seven (15.4 %) of HHC re-

ipients were prescribed antiepileptics ( Fig. 2 D ). Conversely, the utiliza-
ion of anxiolytics decreased after receiving HHC, with a decline from
.1 % at -Q20 to 2.1 % at Q20 (p < 0.01). Besides, the mean score of
nticholinergic burden increased gradually during the year preceding
he receipt of HHC (from 1.7 at -Q20 to 2.3 at -Q3, p < 0.01), peak-
ng during the quarter just before service commencement (3.6 at -Q1).
evertheless, following the initiation of services, there was a steady de-
rease in the anticholinergic burden score (from 2.7 at Q1 to 1.5 at Q20,
 < 0.01) ( Fig. 2 E ). 

Regarding the utilization of antibiotics, the increase was most pro-
ound at the half-year period leading up to service commencement (from
5.5 % at -Q3 to 86.9 % at -Q1) ( Fig. 3 A ). While there was a gradual
ecrease in antibiotic utilization at year 1 after receiving HHC, the rate
emained high, approximately 2-fold compared to the pre-service pe-
iod, throughout years 2 to 5 (22.6 at -Q20 and 43.7 at Q20, p < 0.01).
imilarly, both the utilization of antibiotics during admission and the
se of intravenous antibiotics reached a peak during the quarter prior
o service initiation (77.6 % and 24.9 %, respectively), and experiencing
pproximately 4.5-fold and 3-fold increases, respectively, after 5 years
f receiving HHC compared to the pre-service period ( Fig. 3 B and 3 C). 

.4. Clinical outcomes 

The Sankey plot demonstrated a gradual decline in general health
tatus over a 10-year time frame, assessed by CCI, with a significant in-
rease observed in the proportion of individuals with a CCI score of 5 or
igher, rising from 19 % to 40 % prior to initiation of HHC ( Fig. 4 ). The
roportional distribution of CCI scores remaining stable after the initial
ear of HHC provision, with scores of 0 at approximately 1 %, 1 at 3–5 %,
 at 7–11 %, 3 at 13–16 %, 4 at 17–18 %, and 5 or higher at 50–60 %
 Table S5 ). Temporal changes in the prevalence rates of various mor-
idities, depicted using heat maps to present standardized data, were
onsistent with the findings observed in the CCI, indicating a decline in
ealth status ( Figure S2, Table S6 and S7 ). Higher prevalence rates of
omorbidities among individuals were found after receiving HHC, par-
icularly in Parkinson’s disease, depression, anxiety, and dementia with
ncreases of 45.7 %, 66.2 %, 47.5 %, and 49.7 %, respectively, compared
o their corresponding baseline prevalence rates. 

In addition, the 1-, 2-, 3-, 4-, and 5-year cumulative mortality rates
ere found to be 37.6 %, 54.5 %, 66.1 %, 74.4 %, and 80.7 %, re-
5

pectively, as demonstrated by Fig. 5 and Table S8 . Moreover, the
ighest annual mortality rate was observed in the first year (37.6 %),
hich remained relatively constant at around 25 % from the second

o fifth years of follow-up, according to Table S9 . Kaplan-Meier analy-
is indicated that the median survival time among patients who newly
eceived HHC was 1.7 years, with interquartile range (IQR) of 0.52
o 4.1 years ( Figure S3 ). Among all-cause deaths, cardiovascular dis-
ase, stroke, respiratory disease, pneumonia, infectious disease, and can-
er accounted for 13 %, 15 %, 11 %, 13 %, 5 %, and 10 %, respec-
ively, among individuals receiving HHC throughout the study period
 Fig. 5 ). 

. Interpretation 

To our best knowledge, this is the first study of national longitudi-
al data to ascertain long-term temporal trends in healthcare utilization,
edication prescriptions, and clinical outcome among older adults re-

eiving HHC. Compared to existing studies, our research offers several
ethodological advantages, including the use of highly representative
ational-level data with a large sample size of approximately 180,000
ndividuals, a long-term follow-up spanning 10 years, and an examina-
ion of both pre-service and post-service trends, providing a compre-
ensive understanding of the entire journey associated with the initia-
ion of HHC. Therefore, this study offers a comprehensive and extended
omprehension of healthcare utilization trends among HHC recipients,
xceeding the ambit of prior publications. 

This study’s findings on the escalation of hospitalization and ED vis-
ts within a year before HHC align with previous research that showed
n increase in hospitalization rates during the 9-month period before
ntering skilled nursing care [ 14 ]. A considerable rise in healthcare re-
uirements was observed during the first year of HHC initiation in this
tudy, particularly following significant events like dementia, stroke,
yocardial infarction, fracture, and severe respiratory disease. Despite a

ignificant decrease in outpatient visits following the initiation of HHC,
hich could be attributed to integrated physician monthly visits pro-
ided by HHC, limited access to services, or palliative interventions by
aregivers, there was a persistent higher demand for hospitalizations
nd ED visits compared to the pre-service period, continuing through-
ut the 5-year observation period after receiving HHC. Moreover, our
tudy demonstrated that the extremely poor health status (CCI 5 + : 50–
0 %) with high demand for life-sustaining treatment among identified
ases remained prevalent and unimproved after initiation of HHC, with
 notable increase in mortality risk within the first year (approximately
0 %) and consistently high annual mortality rates (around 25 %) among
ndividuals receiving HHC. Despite receiving more healthcare resources
nder HHC compared to the general older population, the cumulative
-year mortality rate among this population was approximately 80 %,
ith half of the deaths being ascribed to pre-existing comorbidities such
s cancer, cardiovascular disease, respiratory disease, and stroke. Our
tudy contributes to the existing literature by demonstrating consistent
nwellness and mortality findings among HHC recipients across vari-
us developed countries, despite differences in ethnicity, study design,
nd entry criteria,[ 14–17 ] with the added strength of a longer follow-up
eriod. 

Besides, medication utilization analysis showed an increase in pre-
cribed drugs and prevalence of polypharmacy from five years before
eceiving HHC to the first quarter after using HHC. Our findings are
onsistent with a previous analysis conducted in six European coun-
ries, which revealed that 39 % of HHC patients had polypharmacy, and
3.1 % had excessive polypharmacy [ 18 ]. Polypharmacy and advancing
ge were identified as the most prevalent risk factors for drug-related
roblems in home care [ 19 , 20 ], which may increase the risk of clin-
cal adverse outcome [ 21 ]. Given the elevated mortality risk and the
revalence of inappropriate medication use among individuals receiv-
ng HHC, conducting a comprehensive system-level medication review
nd engaging professional pharmacists in deprescribing efforts are es-
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Fig. 3. Quarterly changes in antibiotics prescription among patients newly receiving home healthcare services within 5 years preceding and afterwards. A. Proportion 
of using any antibiotics; B. Proportion of using antibiotics during admission; C. Proportion of using intravenous antibiotics. 
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W  
ential to improve their quality of life and enhance the overall service
uality [ 22 ]. 

As far as our knowledge, this is the first study to dissect the main
actors contributing to polypharmacy and investigate specific medica-
ion issues, including psychotropic medication and anticholinergic use.
n interesting finding regarding the increase in polypharmacy after ini-

iation of HHC was primarily driven by the augmentation in symptom
elief medications rather than comorbid medications. A similar finding
n our study is that the post-initiation increases in psychotropic medica-
ion use among individuals receiving HHC was mainly driven by the pre-
cription of antipsychotics and antiepileptics, often prescribed to man-
ge behavioral and psychological symptoms and provide pain control,
espectively, for older individuals with severe disabilities [ 23 , 24 ]. These
ndings may be attributed to the need to address the complex and di-
erse symptoms/signs that arise during the care process or to provide
alliative interventions by caregivers. 

All of above findings highlight the unmet medical needs and unfavor-
ble clinical prognosis among older individuals receiving HHC and em-
6

hasize the urgency of implementing early initiation of advanced care
lanning and end-of-life care, tailored specifically to the unique needs
f HHC recipients. The implementation of value-based payment meth-
ds may represent a potential solution to improve these conditions [ 25 ].
oreover, the thorough assessment of healthcare utilization, medication

rescriptions and life-sustaining treatment utilization among HHC bene-
ciaries in this study can potentially prompt family members, healthcare
roviders, and policy-makers to reevaluate their care objectives and ser-
ice configurations, with the aim of improving the autonomy, dignity,
nd overall well-being of HHC beneficiaries. Moreover, the current study
nderscores the criticality of integrating end-of-life care into HHC, par-
icularly for patients afflicted with non-cancerous comorbidities such as
ementia and advanced cardiovascular disease [ 26 ]. Although palliative
are for non-cancerous comorbidities in HHC is commonplace, there re-
ains ample opportunity for enhancement, signifying the necessity for

pecialized palliative care training for multidisciplinary teams [ 27 , 28 ]. 
Another notable finding in this study is the utilization of antibiotics.

hile infectious diseases may not directly cause disabilities requiring



S.-T. Huang, F.-Y. Hsiao, W.-J. Lee et al. The Journal of Frailty & Aging 14 (2025) 100063

Fig. 4. Changes in Charlson Comorbidity Index distribution among surviving home healthcare recipients at each annual time point within 5 years preceding and 
following HHC initiation. 

Fig. 5. Overall and cause-specific mortality rates for 5 years after receiving home healthcare services. 
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HC, the high prevalence of antibiotic use suggests a possible link be-
ween repeated infection episodes and increased functional dependence
mong older adults. Older individuals, particularly those with disabili-
ies, are well-established to be highly susceptible to infections and their
elated complications [ 29 , 30 ]. This vulnerability can be attributed to
arious factors, including the presence of atypical symptoms, the co-
xistence of multiple chronic conditions, the manifestation of geriatric
yndromes, and functional limitations [ 29–31 ]. Conversely, infectious
iseases in older individuals can also exacerbate existing comorbidi-
ies and contribute to a further decline in their frailty status [ 32 ]. In
ur study, we found a notable surge in antibiotic utilization (86.9 %)
uring the quarter preceding the initiation of HHC services, indicat-
ng a potential co-occurrence of infection alongside significant events.
urthermore, the sustained demand for antibiotics throughout the post-
ervice period, approximately doubling compared to the pre-service pe-
iod, highlights the heightened susceptibility to infections among these
ndividuals and suggests a potential impact on the worsening clinical
utcomes. Hence, given the significant interdependency between infec-
ions, immunity, and frailty, it is imperative to prioritize effective man-
gement of infectious diseases and implement preventive measures for
lder individuals receiving HHC services. 
7

Despite the extensive efforts of our research, it is essential to ac-
nowledge the several limitations that warrant consideration. Firstly,
ue to the observational nature of the study, the potential to investigate
hether tailored interventions could enhance the clinical outcomes or
uality of life for HHC recipients was limited. Secondly, while all in-
ividuals eligible for HHC are also eligible for nursing home care, the
nclination towards home healthcare preferences was not probed within
he NHI reimbursement data. Additionally, our comorbidity analysis
ocused on specific disease-based ICD codes rather than ICD-10 R00–
9 symptom-based diagnoses that capture geriatric syndromes such
s frailty, potentially missing important information about changes in
hese syndromes before and after HHC initiation. However, we did not
pecifically examine these geriatric syndromes due to the low sensitivity
f Taiwan’s NHIRD for recording ICD-10 R00–99 codes, as healthcare
roviders preferentially use disease-specific codes for reimbursement
urposes, leading to systematic under-recording of geriatric syndromes.
astly, although family caregivers tend to adopt a more palliative care
pproach when caring for these patients, it cannot be confirmed whether
he reduced healthcare utilization is due to the palliative care approach
r limited accessibility to healthcare services. Despite the study’s limi-
ations, it offers distinctive insights into the natural progression of older
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dults towards severe disabilities and the subsequent utilization of HHC.
pecifically, the study’s data sheds light on mortality trends, healthcare
tilization, medication usage, and life-supporting services, thus provid-
ng valuable insights into enhancing the quality of HHC while preserving
he autonomy and dignity of disabled older individuals who are con-
ned to their homes. At the very least, given the heightened mortality
isk within the initial year of receiving HHC subsequent to catastrophic
edical conditions, it is imperative to initiate advanced care planning
pon entering these services to ensure that older individuals with severe
isabilities attain an optimal quality of life. 

. Conclusions 

Upon entering HHC services, older individuals with catastrophic
edical conditions often exhibit a notable escalation in healthcare uti-

ization prior to the event, which tends to peak after service initiation be-
ore gradually diminishing. Nevertheless, mortality rates remain alarm-
ngly high, with approximately 40 % of HHC recipients succumbing
o their medical conditions within the first year, and an annual mor-
ality risk of 25 %. Moreover, the employment of antibiotic use and
olypharmacy continues to proliferate, with an emphasis on prescrip-
ion of symptom-relief agents to address the intricate and multifaceted
ymptoms/signs encountered throughout the care process. Given these
hallenges, further research is warranted to facilitate the systematic im-
lementation of palliative-focused care models through advanced care
lanning, with emphasis on appropriate medication management and
nfection prevention strategies tailored to the complex medical needs
nd poor prognosis of home healthcare recipients. 
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