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ABSTRACT

Objective To evaluate the impact on healthcare utilisation
frequencies and charges, and mortality of a programme for
frequent hospital utilisers and a programme for patients
requiring high acuity post-discharge care as part of an
integrated healthcare model.

Design A retrospective quasi-experimental study
without randomisation where patients who received
post-discharge care interventions were matched 1:1 with
unenrolled patients as controls.

Setting The National University Health System (NUHS)
Regional Health System (RHS), which was one of six RHS
in Singapore, implemented the NUHS RHS Integrated
Interventions and Care Extension (NICE) programme for
frequent hospital utilisers and the NUHS Transitional Care
Programme (NUHS TCP) for high acuity post-discharge
care. The programmes were supported by the Ministry of
Health in Singapore, which is a city-state nation located in
Southeast Asia with a 5.6 million population.

Participants Linked healthcare administrative data, for
the time period of January 2013 to December 2016, were
extracted for patients enrolled in NICE (n=554) or NUHS
TCP (n=270) from June 2014 to December 2015, and
control patients.

Interventions For both programmes, teams conducted
follow-up home visits and phone calls to monitor and
manage patients’ post-discharge.

Primary outcome measures One-year pre- and post-
enrolment healthcare utilisation frequencies and charges
of all-cause inpatient admissions, emergency admissions,
emergency department attendances, specialist outpatient
clinic (SOC) attendances, total inpatient length of stay and
mortality rates were compared.

Results Patients in NICE had lower mortality rate,

but higher all-cause inpatient admission, emergency
admission and emergency department attendance
charges. Patients in NUHS TCP did not have lower mortality
rate, but had higher emergency admission and SOC
attendance charges.

Conclusions Both NICE and NUHS TCP had no
improvements in 1year healthcare utilisation across
various setting and metrics. Singular interventions might
not be as impactful in effecting utilisation without an
overhauling transformation and restructuring of the
hospital and healthcare system.

Strengths and limitations of this study

» This study used healthcare administrative data from
a large consolidated database that covered separate
episodes of care across different hospitals linked to
each individual, eliminating recall errors that would
arise from self-reported healthcare utilisation.

» The use of person-level administrative data allowed
for selection of controls matched to each patient,
which would otherwise not be possible if the ad-
ministrative data were aggregated at hospital- or
national-level.

» The use of matched controls for comparisons allow
for isolating intervention programmes’ effects on
utilisation frequencies and charges, as it takes into
account the regression to the mean that could occur
in both groups even without intervention.

» The follow-up period of 1year allowed for the eval-
uation of the long-term effects of these large-scale
real-world programmes, providing relevant evidence
for improving integrated care in Singapore and sim-
ilar health systems.

» The matching of controls was limited by the avail-
able information recorded in the administrative da-
tabase, and so this quasi-experimental study design
may not be considered as rigorous as a randomised
control trial.

INTRODUCTION

With a growing and ageing population, and
with increased chronic disease prevalence,
there is a rising demand for hospital resources
and increasing burden on healthcare
systems.' ® Singapore has seen her population
of residents grow from 3.27million in 2000
to 3.97million in 2017, with the percentage
of those aged 65 years and above increasing
from 7.2% in 2000 to 18.0% in 2017.” The
number of Singapore citizens aged 65 years
and above is projected to further increase
to about 25% by 2030.* In 2017, 12.7% of
Singapore’s resident population had at least
one admission into acute hospital, with the
percentage for those aged 65 years and above
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higher at over 34%.° With finite healthcare resources,
averting avoidable hospital utilisation is an opportunity
to improve quality of care and optimise healthcare system
resources.

Frequent readmissions to hospital might occur as a
result of multiple factors. At the patient-level, low health
literacy,’ poor social support” ® or low socio-economical
status,” are contributing factors. At the system-level, chal-
lenges include unresolved medical issues at discharge,’
lack of an appropriate care plan’ and lack of coordination
between different care providers and services.'” Frequent
readmissions add to psychological distress on top of
the financial strain on both patients and the healthcare
system.” Some of these readmissions, however, may be
preventable if intervention programmes and operations
structures are in place to ensure smooth care transitions
and that patients are well-cared for in the community
after being discharged. Follow-up home visits'' '* and
follow-up phone calls'' to monitor and manage patients
post-discharge, as well as a combination of these with
case management in an integrated healthcare model,'*™
have all been found to be effective in reducing hospital
utilisation.

The Regional Health Systems (RHSs) in Singapore
were designed to integrate hospitals with primary and
community care partners within a geographical region.
Although patients in Singapore are not empanelled and
have the freedom to use services from different health-
care providers across different RHSs, previous research
has found that less than 10% of patients have cross-utilisa-
tion across different hospitals.'” Before 2017, the National
University Health System (NUHS) RHS was one of six
RHS in Singapore, with National University Hospital
(NUH) as the main acute hospital; in 2017, the NUHS
RHS underwent a merger with the JurongHealth RHS to
form one of three larger RHS in Singapore. NUH was one
of the two national hospitals providing complex tertiary
care in Singapore, and served over 400 000 patients per
year.'” With the goal of improving post-discharge care,
anchoring care in the community and reducing health-
care utilisation, two programmes were launched in 2014:
(1) NUHS-RHS Integrated Interventions and Care Exten-
sion (NICE) programme and (2) NUHS Transitional
Care Programme (NUHS TCP).

The overall objective of both programmes was to facili-
tate the safe transition from acute hospital to the home of
patients, and specifically with the aims to: (1) reduce inpa-
tient admissions and emergency department attendances,
(2) reduce total inpatient length of stay (LOS) and (3)
reduce cost of care per patient. The NICE programme
targeted patients with frequent hospital admissions,
frequent hospital utilisers, who had three or more inpa-
tient acute hospital admissions within 1year.'”'® Despite
being a small percentage of the population, frequent
hospital utilisers incur a large proportion of health-
care costs.'” %% In 2013, within NUHS RHS, frequent
hospital utilisers constituted only 1% of all patients yet
generated about 27% of all inpatient episodes.'” NUHS

TCP targeted patients who were fit for discharge but
had a high risk of readmission as they still required high
acuity post-discharge care and/or were home-bound with
mobility issues limiting access to such post-discharge care.

The aim of the current study was to evaluate if the NICE
programme and NUHS TCP had an impact in reducing
healthcare utilisation frequencies and charges, and
mortality.

METHODS

Study design

This retrospective quasi-experimental study used data
from the Integrated Population Health Management
(PHM) database from the National Healthcare Group
Health Services & Outcomes Research department.
The Integrated PHM database contains data from NUH
and three of other six major public acute hospitals in
Singapore (Ng Teng Fong General Hospital, Alexandra
Hospital and Tan Tock Seng Hospital), and includes data
from over 2.3 million individuals.

One-year pre- and post-enrolment healthcare utilisa-
tion data from all four hospitals were extracted from the
database for the time period of January 2013 to December
2016. The extracted data were for patients enroled in
the NICE programme or NUHS TCP from June 2014
to December 2015, and also for potential controls that
had at least one all-cause inpatient admission — includes
emergency admissions — in NUH over the same period.
This study was a component of a larger mixed-methods
study to evaluate the process and outcome measures of
the NICE programme and NUHS TCP.**

Patient and public involvement
Patients and the public were not involved in the designing
or conducting of this study.

Setting

Singapore is a city-state nation located in Southeast Asia
with a total population of 5.6million, of which over
3.9million are citizens and permanent residents.”* The
population has an ethnic composition of 74.1% Chinese,
13.4% Malays, 9.2% Indians and 3.3% Others,” and a life
expectancy of 82.9 years.** For the time period from which
the healthcare utilisation data were extracted (January
2013 to December 2016), NUHS RHS was one of six RHS
in Singapore. The funding for the NICE programme
and NUHS TCP was supported by the Ministry of Health
as two of its six nation-wide priority areas, covering the
management of frequent hospital utilisers and the timely
discharge from acute hospitals through transitional care,
respectively.

Intervention

For both the NICE programme and NUHS TCP, there
were variations in work processes and outputs due to the
profiles of patients served, but in general they had similar
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Table 1 Similarities and differences between the NUHS RHS Integrated Interventions and Care Extension (NICE) programme

and NUHS Transitional Care Programme (NUHS TCP)

NICE programme

NUHS TCP

» Enrolled patients with three or more inpatient admissions
within a year

» Patients were enrolled in programme for up to 1year post-
discharge from hospital

» Programme could enrol patients who needed specialised
care for chronic obstructive pulmonary disease

» Enrolled patients who required high acuity post-discharge
care and/or were home-bound with mobility issues

» Patients were enrolled in programme for up to 3months
post-discharge from hospital

» Programme could enrol patients who needed specialised
care for burns, stroke and heart failure

» Programme conducted follow-up home visits and phone calls to monitor and manage patients’ post-discharge
» Programme referred patients to community-based care and services (for example, home nursing, home hospice, outpatient

clinic, social workers and corporate volunteers)

NUHS, National University Health System.

objectives and workflows (table 1). For example, each of
the programmes had teams conducting follow-up home
visits and phone calls to monitor and manage patients’
post-discharge. Patients were referred to communi-
ty-based care and services (for example, home nursing,
home hospice, outpatient clinic, social workers and
corporate volunteers) when necessary and appropriate.
However, both programmes had their unique enrol-
ment criteria. Patients with cancer enroled in the NICE
programme (n=87) or NUHS TCP (n=30) were not
included in this study, as these patients had a high post-en-
rolment mortality rate (over 65%). Additionally, cancer
diagnosis information was not available in the Integrated
PHM database and so potential control patients could not
be appropriately selected to match on cancer types.

NICE programme

Patients with three or more inpatient admissions within
a year and who had associated risk factors for frequent
readmission such as functional decline, cognitive impair-
ment and multiple comorbidities could be enroled under
the NICE programme. Patients were assigned to a team
of case managers who customised the care programme
based on the needs of the patients and caregivers. Case
management commenced during the inpatient episode
and could continue for up to a year post-discharge from
hospital, after which, a proper handover process could
be carried out to the next healthcare provider to ensure
continuity of care.

NUHS TCP

Patients who required high acuity post-discharge care
and/or were home-bound with mobility issues but had an
identified caregiver could be enroled under the NUHS
TCP. Each patient was assigned to a care team led by a tran-
sitional care nurse. Patients were enroled for a post-dis-
charge period of up to 3months, and services included
medical, nursing, rehabilitative and psycho-social support
to meet the needs of the patients and caregivers.

Population

Four groups of patients were generated for compari-
sons: two intervention and two control groups. Patients
enroled in the NICE programme and NUHS TCP from
June 2014 to December 2015 were in the intervention
groups, and these patients were matched to controls who
were patients with at least one admission at NUH but not
enroled in either programmes. Matching was conducted
separately for the NICE programme and NUHS TCP,
with one matched control for every intervention patient
selected from the same pool of 50855 potential controls
by propensity score matching (detailed below).

Outcomes

Healthcare utilisation frequencies in the metrics of
all-cause inpatient admission, emergency admissions,
emergency department attendances, specialist outpatient
clinic (SOC) attendances, LOS and the healthcare charges
in the metrics of the full gross bill amounts from all-cause
inpatient admission, emergency admissions, emergency
department attendances and SOC attendances, were
calculated for the lyear period before and after the
point of enrolment, which was usually at the end of an
admission. Survival days were calculated by subtracting
the point of enrolment from the date of death. Patients
who survived beyond 1year from the point of enrolment
was assigned the maximal number of 365 days and were
censoring events. Mortality rate for the lyear period
after the point of enrolment (1year mortality) was also
calculated.

For patients in the intervention group, the points of
enrolment were actual enrolment dates into the NICE
programme or NUHS TCP, which usually occurred when
the patients were discharged from an admission. For
controls, there was no actual point of enrolment into the
intervention (or into a control group like a randomised
control trial). Only discharge dates of admissions with at
least one bed day in NUH which fell within June 2014
to December 2015 were considered as potential proxy
for point of enrolment among the controls, in order to
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mimic the triggering event (ie, an inpatient admission
to NUH) necessary for consideration for enrolment into
either programmes among patients from the interven-
tion group.

Matching for controls
To obtain a control for each patient in the interven-
tion groups, we generated a population of potential
proxies for point of enrolment that corresponded to the
discharge dates of all admissions belonging to patients
not in the intervention groups, where the discharge dates
occurred between June 2014 and December 2015. Hence,
patients who are not in the two intervention groups and
have multiple admissions with discharge dates between
June 2014 and December 2015 would contribute multiple
potential proxies for point of enrolment. Although
potential proxies for point of enrolment could belong to
the same patient, the number of previous admissions in
the 1year period prior could vary across these potential
proxies because they corresponded to discharge dates
from different admission episodes. This provided a wide
spread of potential proxies for point of enrolment over
a period with varying pre-enrolment healthcare utilisa-
tion patterns. This approach could provide better match
given the variety of patients from the intervention group
with different points of enrolment and different pre-en-
rolment healthcare utilisation patterns. For example,
patients could have chosen to be enrolled in the NICE
programme after more than three all-cause inpatient
admissions within a year, and patients enrolled in the
NUHS TCP did not have to meet any criteria of minimum
all-cause inpatient admissions a year for enrolment.
Propensity score matching® was used to reduce bias in
treatment effect estimates by reducing covariate imbal-
ance between the intervention patients and control
patients from quasi-experimental studies. Matching was
conducted using the Matchlt package® with R V.3.4.1
to generate a group of matched controls. The approach
selected was nearest neighbour matching with a 1:1
ratio, whereby each case (a patient from the intervention
group) was matched with the potential control (with a
proxy for point of enrolment) with the closest propen-
sity score that was generated from the matching variables
used.” The following were the matching variables used
to construct the propensity score: age at enrolment,
gender, ethnic group (Chinese, Malay, Indian, others),
residential housing type (1- or 2-room, 3-room, 4-room,
5-room/executive, private/others; serving as proxy for
socio-economical status® ?°), comorbidities at enrolment
(14 identified from the chronic disease management
system™ as part of the database set-up: asthma, diabetes,
hyperlipidaemia, hypertension, atrial fibrillation, heart
failure, congestive heart failure, stroke, chronic obstruc-
tive pulmonary disease, chronic kidney disease, coronary
heart disease, osteoporosis, spine fracture, hip fracture),
(proxy) point of enrolment, and lyear pre-enrolment
all-cause inpatient admissions, emergency admissions,

emergency department attendances, SOC attendances,
LOS, all-cause inpatient admission charges, emergency
admission charges, emergency department attendance
charges and SOC attendance charges.

Statistical analysis

Statistical analysis was conducted using Stata V.14.2 (Stata
Corp, College Station, Texas, USA). For count data of
all-cause inpatient admissions, emergency admissions,
emergency department attendances, SOC attendances
and LOS, negative binomial regression was used to model
these post-enrolment healthcare utilisation frequencies,
adjusting for log-transformed pre-enrolment healthcare
utilisation frequencies with a value of 0.5 added to the
frequencies (to avoid taking the log of zero values which
give invalid values) and propensity score.”’ The model
included an offset term to account for varying follow-up
time due to death.”! Any clustering effect of different
proxies for point of enrolment selected as controls and
from the same patient was also accounted for with the clus-
tered sandwich estimator which was used to obtain robust
standard errors. The incidence rate ratios (IRRs) of the
intervention group to the control group with their corre-
sponding 95% CI were reported for the NICE programme
and NUHS TCP respectively. Wilcoxon signed-rank test
was conducted to compare pre- and post-enrolment util-
isation frequencies for each type of group (intervention
and control groups).

For continuous data of all-cause inpatient admission
charges, emergency admission charges, emergency
department attendance charges and SOC attendance
charges, linear regression was used to model these
log-transformed post-enrolment healthcare charges with
a value of 0.5 added to the charges (to avoid taking the
log of zero values which give invalid values), adjusting for
log-transformed pre-enrolment healthcare charges with a
value of 0.5 added to the charges, propensity score and
the log-transformed survival days (or follow-up time). Any
clustering effect of different proxies for point of enrol-
ment selected as controls and from the same patient
was also accounted for with the clustered sandwich esti-
mator. The exponential of beta-coefficients, which will
be termed mean ratios (MRs) of the intervention group
to the control group, and their corresponding 95% CI
were reported for the NICE programme and NUHS TCP,
respectively.

For 1year mortality, Cox proportional hazard regres-
sion analysis was performed, adjusting for propensity
score, and any clustering effect of different proxies for
point of enrolment selected as controls and from the
same patient was accounted for with the clustered sand-
wich estimator. The hazard ratios (HRs) of the interven-
tion group to the control group with their corresponding
95% CI were reported for the NICE programme and
NUHS TCP, respectively.

Additional analyses were conducted to test for the pres-
ence of interaction effects between the intervention and
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sociodemographical variables. The age group variable
was dichotomised into patients who were aged 60 years
and above (260 years), and those who were aged below 60
years (<60 years). The residential housing type was used
as proxy for socio-economical status® * with five cate-
gories: 1- or 2-room, 3-room, 4-room, 5-room/executive
and private/others. The sociodemographical variables
(gender, age group and residential housing type) were
added separately into the regression models for health-
care utilisation frequencies and charges with their corre-
sponding interaction with the intervention variable. This
allowed us to assess whether the sociodemographical vari-
able could be an effect modifier in the association of the
intervention with healthcare utilisation frequencies and
charges. If the interaction term was significant, the inter-
vention effect for each category of the sociodemograph-
ical variable was calculated and presented.

RESULTS

NICE programme

Propensity score matching identified 554 controls for
the 554 intervention patients enroled in the NICE
programme. Among the 554 controls, there were 500
unique control patients, where 456 control patients
contributed one unique proxy for point of enrolment,
35 control patients contributed two unique proxies each,
eight control patients contributed three unique proxies
each, one control patient contributed four unique proxies
each and each of these 554 unique proxies was matched
to a unique intervention patient. Visual review of the
propensity score distribution plots for cases, matched
controls and unmatched control pool of patients indi-
cate the close distribution of propensity scores of cases
and matched controls (online supplementary data 1).
Demographical information and pre-enrolment hospital
utilisation frequencies and charges of the two groups are
presented in table 2.

No significant differences were observed between the
intervention patients enroled in the NICE programme
and control patients for post-enrolment all-cause inpa-
tient admission charges, emergency admission charges,
emergency department attendance charges, SOC atten-
dance charges and LOS (table 3). The IRR for emer-
gency admissions (IRR=1.15, 95% CI 0.99 to 1.33) and
SOC attendances (IRR=0.90, 95% CI 0.80 to 1.01) both
did not reach statistical significance. Significantly higher
all-cause inpatient admission charges (MR=2.38, 95% CI
1.44 to 3.92), emergency admission charges (MR=2.71,
95% CI 1.60 to 4.58) and emergency department atten-
dance charges (MR=2.17, 95%CI 1.50 to 3.13) among
intervention patients were observed when compared with
the control patients. SOC attendance charges among
intervention patients were not statistical different from
the control patients (MR=1.31, 95% CI 0.96 to 1.79).

For all-cause inpatient admission charges, emergency
admission charges and emergency departmentattendance
charges, the interaction term between intervention status

Table 2 Demographical information and pre-enrolment

healthcare utilisation and costs of patients enrolled in the
NICE programme (intervention group) and their matched

controls (control group)

Intervention
n=554 Control n=554

Age, mean (SD) 76.6 (11.8) 77.7 (11.6)
Gender, n (%)

Female 251 (45.3%) 275 (49.6%)

Male 303 (54.7%) 279 (50.4%)
Race, n (%)

Chinese 394 (71.1%) 379 (68.4%)

Malay 90 (16.3%) 111 (20%)

Indian 45 (8.1%) 50 (90.%)

Others 25 (4.5%) 14 (2.5%)
Housing type, n (%)

1- or 2-bedroom 33 (6.0%) 37 (6.7%)

3-bedroom 120 (21.7%) 117 (21.1%)

4-bedroom 204 (36.8%) 193 (34.8%)

5-bedroom/executive 108 (19.5%) 117 (21.1%)

Private/others 89 (16.1%) 90 (16.3%)
Comorbidities, n (%)

Asthma 103 (18.6%) 93 (16.8%)

Diabetes 319 (57.6%) 329 (59.4%)

Hyperlipidaemia 472 (85.2%) 473 (85.4%)

Hypertension 463 (83.6%) 470 (84.8%)

Atrial fibrillation 137 (24.7%) 136 (24.5%)

Heart failure 190 (34.3%) 182 (32.9%)

Stroke 186 (33.6%) 178 (32.1%)

Chronic obstructive 171 (30.9%) 169 (30.5%)

pulmonary disease
Chronic kidney disease 338 (61.0%)

287 (51.8%)

351 (63.4%)

Coronary heart disease 282 (50.9%)

Osteoporosis 84 (15.2%) 80 (14.4%)
Spine fracture 60 (10.8%) 62 (11.2%)
Hip fracture 55 (9.9%) 59 (10.6%)
Pre-enrolment hospital
utilisation frequencies, mean
(SD)
All-cause admissions 4.46 (2.43) 4.36 (3.49)
Emergency admissions 4.13 (2.26) 3.99 (3.34)
Emergency department 4.67 (2.93) 4.50 (4.92)
attendances
SOC attendances 6.90 (6.53) 6.92 (7.96)
All-cause admissions LOS 31.04 (24.85) 32.49 (34.30)
Pre-enrolment healthcare
utilisation charges ($), mean
(SD)
All-cause admission 29199 (29 791) 30420 (34 953)
charges
Emergency admission 26542 (27 120) 28213 (33 595)
charges
Continued
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Table 2 Continued

Intervention

n=554 Control n=554
Emergency department 1690 (1021) 1624 (1510)
attendance charges
SOC attendance charges 953 (971) 966 (2167)

LOS, length of stay; NICE, NUHS RHS Integrated Interventions and
Care Extension; SOC, specialist outpatient clinic.

and gender was significant (online supplementary data
2). Female intervention patients had significantly higher
all-cause inpatient admission charges (MR=3.99, 95% CI
1.87 to 8.52), emergency admission charges (MR=5.47,
95% CI 2.50 to 12.00) and emergency department atten-
dance charges (MR=3.39, 95% CI 1.95 to 5.89) than the
female control patients.

Within intervention patients and within control
patients, the post-enrolment all-cause inpatient admis-
sions, emergency admissions, emergency department
attendances and LOS were significantly lower than the
pre-enrolment counterparts, indicating regression to the
mean. The post-enrolment SOC was significantly higher
than the pre-enrolment SOC among the control patients
only. The mortality hazard of the intervention patients

8

was 26 (95% CI 5 to 41) per cent lower than the control
patients.

NUHS TCP
Propensity score matching identified 270 controls for
the 270 intervention patients enroled in the NUHS TCP.
Among the 270 controls, there were 266 unique control
patients, where 262 control patients contributed one
unique proxy for point of enrolment, four control patients
contributed two unique proxies each and each of these
270 unique proxies was matched to a unique interven-
tion patient. Visual review of the propensity score distri-
bution plots for cases, matched controls and unmatched
control pool of patients indicate the similar distribution
of propensity scores between cases and matched controls
(online supplementary data 3). Demographical informa-
tion and pre-enrolment hospital utilisation frequencies
and charges of the two groups are presented in table 4.
No significant differences were observed between the
intervention and control patients for post-enrolment
all-cause inpatient admissions, emergency admissions,
emergency department attendances, SOC attendances
and LOS (table 5). Significantly higher post-enrolment
emergency admission charges (MR=2.64, 95%CI 1.15
to 6.06) and post-enrolment SOC attendance charges
(MR=4.50, 95%CI 2.82 to 7.18), among intervention

Table 3 Post-enrolment healthcare utilisation and costs, and the mortality rate, as number and percentage (%) of deaths in
1year post-enrolment for patients enrolled in the NICE (intervention group) and their matched controls (control group), with
adjusted incidence rate ratios (IRRs), mean ratios (MRs) and hazard ratio (HRs), of intervention group to control group, and their

corresponding 95% Cls

Adjusted effect size

Intervention Control estimate 95% Cl
Healthcare utilisation frequencies, IRR*
mean (SD)
All-cause admissions 3.05 (3.81) 2.34 (2.92) 1.11 0.97 t0 1.28
Emergency admissions 2.80 (3.71) 2.04 (2.73) 1.15 0.99 to 1.33
Emergency department 3.23 (4.30) 2.61 (4.92) 1.08 0.9210 1.28
attendances
SOC attendances 6.45 (6.90) 6.19 (7.28) 0.90 0.80 to 1.01
All-cause admissions LOS 19.43 (26.59) 17.29 (29.07) 0.98 0.811t01.19
Healthcare utilisation charges ($), MRt
mean (SD)
All-cause admission charges 15768 (23 280) 15229 (27 129) 2.38 1.44 t0 3.92
Emergency admission charges 14491 (20 998) 13699 (25 837) 2.71 1.60 to 4.58
Emergency department 1086 (1436) 814 (1355) 217 1.50t0 3.13
attendance charges
SOC attendance charges 952 (1031) 822 (1337) 1.31 0.96 to 1.79
HR$
1year mortality, n (%) 134 (24.2%) 169 (30.5%) 0.74 0.59 to 0.95

*Adjusted for pre-enrolment healthcare utilisation and propensity score.

TAdjusted for pre-enrolment healthcare cost, propensity score and survival days (or follow-up time).

FAdjusted for propensity score.

LOS, length of stay; NICE, NUHS RHS Integrated Interventions and Care Extension; SOC, specialist outpatient clinic.
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Table 4 Demographical information and pre-enrolment Table 4 Continued
healthcare utilisation and costs of patients enrolled in the
NUHS TCP (intervention group) and their matched controls

Interventionn=270 Control n=270

(control group) All-cause admission 25779 (34 929) 24936 (39 216)
- charges
Interventionn=270 Control n=270
Emergency admission 23201 (32 970) 22674 (37 522)
Age, mean (SD) 72.3 (15.6) 73.0 (13.4) charges
Gender, n (%) Emergency 810 (620) 766 (613)
Female 160 (59.3%) 165 (61.1%) department
tt h
Male 110 (40.7%) 105 (38.9%) attendance charges
SOC attendance 713 (803) 574 (1144)
Race, n (%) charges
Chinese 184 (68.2%) 187 (69.3%) : —
5 5 LOS, length of stay; NUHS TCP, National University Health System
Malay 52 (19.3%) 46 (17%) Transitional Care Programme; SOC, specialist outpatient clinic.
Indian 21 (7.8%) 22 (8.2%)
Others 13 (4.8%) 15 (5.6%)
Housing type, n (%) patients were observed when compared with the control
1- or 2-bedroom 5 (1.9%) 7 (2.6%) patients.
3-bedroom 48 (17.8%) 65 (24.1%) For SOC attendances, the interaction term between
4-bedroom 104 (38.5%) 91 (33.7%) intervention status and age group was significant (online
5-bedroom/executive 62 (23%) 47 (17.4%) supplementary data 4). Intervention patients that are 260
Private/others 51 (18.9%) 60 (22.2%) years had a significantly lower SOC attendance rates

(IRR=0.80, 95% CI 0.67 to 0.94) than matched controls

Comorbidities, n (% . .
%) that are 260 years. The same interaction term was also

o) 0,
A?,thma 22 (8.1%) 28 (10.4%) significant for SOC attendance charges, where both
Diabetes 151 (55.9%) 147 (54.4%) younger and older age groups had a significantly higher
Hyperlipidaemia 227 (84.1%) 223 (82.6%) SOC attendance charges (<60: MR=21.64, 95% CI 9.17
Hypertension 222 (82.2%) 223 (82.6%) to 51.06; >60: MR=2.78, 95% CI 1.63 to 4.74) than their
Atrial fibrillation 71 (26.3%) 64 (23.7%) respective matched control patients. For LOS, the inter-
Heart failure 69 (25.6%) 66 (24.4%) action term between intervention status and gender
Stroke 113 (41.9%) 119 (44.1%) was significant, where male intervention patients had a
Chronic obstructive 9 (3.3%) 13 (4.8%) significantly higher LQS (IRRzl'.73, 95% CI1.06 to 2.84)
pulmonary disease than male control patients. The interaction term between
Chronic kidney 142 (52.6%) 144 (53.3%) intervention status and housing type was also significant
disease for LOS, where intervention patients living in 3-room
Coronary heart 98 (36.3%) 100 (37.0%) housing had significantly lower LOS (IRR=0.49, 95% CI
disease 0.25 to 0.97) than control patients living in 3-room
Osteoporosis 40 (14.8%) 50 (18.5%) housing, and intervention patients living in private/other
Spine fracture 27 (10.0%) 30 (11.1%) housing types had significantly higher LOS (IRR=2.28,
Hip fracture 20 (7.4%) 24 8.9%) 95.% CI 1.08 to 4.79) than control patients .11V1ng in
, private/other housing types. Only the interaction term
Pre-enrolment hospital . . . ..
utilisation frequencies between intervention status and housing type was signifi-
mean (SD) cant for all-cause admission charges, where intervention
All-cause admissions 2.43 (1.98) 2.28 (1.62) patients living in private /other housing types had a signifi-
admissions control patients living in private/other housing types.
Emergency 2.30 (1.80) 2.15 (1.69) Within intervention patients and within control
department patients, the post-enrolment all-cause inpatient admis-
i ECETEE sions, emergency admissions, emergency department
SOC attendances 5.20 (5.78) 4.74 (5.81) attendances and LOS were significantly lower than their
All-cause admissions 24.39 (32.15) 22.83 (31.04) pre-enrolment counterparts, indicating regression to the
Lot mean. Within intervention patients and within control
Pre-enrolment patients, the post-enrolment SOC attendances was signifi-

healthcare utilisation

charges ($), mean (SD) cantly higher than the pre-enrolment SOC. The mortality

hazard (HR=1.41, 95%CI 0.97 to 2.05) was not signifi-
cantly different between the intervention and control
groups.

Continued
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Table 5 Post-enrolment healthcare utilisation and costs, and the mortality rate, as number and percentage (%) of deaths in
1year post-enrolment for patients enrolled in the NUHS TCP (intervention group) and their matched controls (control group),
with adjusted incidence rate ratios (IRRs), mean ratios (MRs) and hazard ratio (HRs), of intervention group to control group, and

their corresponding 95% Cls

Adjusted effect size

Intervention Control estimate 95% Cl
Healthcare utilisation frequencies, IRR*
mean (SD)
All-cause admissions 1.70 (2.04) 1.62 (2.81) 1.05 0.8210 1.34
Emergency admissions 1.36 (1.74) 1.27 (2.49) 1.13 0.87 to 1.48
Emergency department 1.52 (1.90) 1.55 (3.36) 1.03 0.77 to 1.37
attendances
SOC attendances 6.56 (7.05) 6.67 (6.81) 0.91 0.78 to 1.05
All-cause admissions LOS 14.53 (29.85) 11.94 (25.12) 1.10 0.76 to 1.61
Healthcare utilisation charges ($), MRt
mean (SD)
All-cause admission charges 14751 (30 312) 13064 (30 921) 1.90 0.86 t0 4.23
Emergency admission charges 12914 (29 074) 10375 (27 165) 2.64 1.15 to 6.06
Emergency department 493 (607) 499 (990) 1.40 0.78 to 2.51
attendance charges
SOC attendance charges 1009 (1144) 774 (1390) 4.50 2.82t07.18
HRt
1year mortality, 67 (24.8%) 48 (17.8%) 1.41 0.97 to 2.05

n (%)

*Adjusted for pre-enrolment healthcare utilisation and propensity score.

TAdjusted for pre-enrolment healthcare cost, propensity score and survival days (or follow-up time).

FAdjusted for propensity score.

LOS, length of stay; NUHS TCP, National University Health System Transitional Care Programme, SOC, specialist outpatient clinic.

DISCUSSION

Principal findings

The post-enrolment all-cause inpatient admissions,
emergency admissions, emergency department atten-
dances, SOC attendances and LOS were not statistically
different in patients enroled in the NICE programme
or NUHS TCP, when compared with their matched
controls. However, the all-cause inpatient admission
charges, emergency admission charges and emergency
department attendance charges were significantly
higher in patients enroled in the NICE programme,
and the emergency admission charges and SOC atten-
dance charges were significantly higher in patients
enroled in the NUHS TCP, when compared with their
matched controls. Female patients enroled in the NICE
programme had significantly higher all-cause inpatient
admission charges, emergency admission charges and
emergency department attendance charges than the
female matched control patients. Older patients (aged
60 years and above) enroled in the NUHS TCP had
significantly lower SOC attendances but had significantly
higher SOC attendance charges, while male patients
enroled in the NUHS TCP had significantly higher
LOS, compared with their respective matched controls.
Patients living in private/other housing types enroled in
the NUHS TCP also had significantly longer LOS and

thus incurred greater all-cause admission charges than
the matched control patients living in private/other
housing types. Patients enroled in the NICE programme,
of which over 30% had history of heart failure, had lower
mortality than their matched controls, mirroring find-
ings from another study with heart failure patients."”

Strengths

For this study, the follow-up period of lyear allowed us
to evaluate the long-term effects of the programmes. The
use of healthcare administrative data avoided recall errors
or missing data issues that would arise from self-reported
healthcare utilisation, particularly for a long follow-up
period. The healthcare administrative data contained
patient-level information extracted from a large consol-
idated database of electronic records from four public
hospitals where separate episodes of care across different
hospitals were linked to each patient. Although this study
did not include data from the other three major public
hospitals and all other private acute hospitals in Singa-
pore, patients having an encounter with a specific acute
hospital would likely return to the same acute hospital
for follow-up care, as previous research has found that
less than 10% of patients have cross-utilisation across
different hospitals. 7
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The use of patient-level administrative data allowed for
selection of matched controls, which would otherwise not
be possible if the administrative data was aggregated at
hospital- or national-level. Previous evaluation of a transi-
tional home care programme in Singaporv&:g2 found that
post-enrolment SOC attendances rates had increased
from pre-enrolment rates, where a lack of a comparison
control group limited the attribution of the increased
SOC attendances to the intervention programme.” For
this current study, the post-enrolment SOC attendances
had increased among patients enroled in the NUHS TCP
and their matched controls too.

The availability of matched controls allows comparisons
to take into account the regression to the mean phenom-
enon that could occur in both groups even without the
intervention.”” ** Comparison between the intervention
and matched control groups allow for the partitioning
of the intervention programmes’ effects on utilisation
frequencies and charges. Post-enrolment all-cause inpa-
tient admissions, emergency admissions, emergency
department attendances and LOS all regressed to a lower
mean following an acute period of high hospital utilisa-
tion pre-enrolment, for patients in both programmes and
their matched controls. These findings suggest the impor-
tance of a comparator group to assess whether changes
before and after an intervention can in fact be attributed
to the intervention programme.

Limitations
The traditional ‘gold standard’ for assessing an interven-
tion programme would conventionally be to conduct a
randomised control trial (RCT). However, as both the
NICE programme and NUHS TCP were being rolled out
hospital-wide, the operational demand and timelines for
implementing these programmes at such a large scale
could not allow for a RCT to be conducted. Additionally,
the use of retrospective study design for the real-world
evaluation of other similar interventions have been
previously used® * % and recommended.” Although
patients were not randomised into intervention and
control groups, inherent bias from confounding factors
was mitigated with matching. However, the matching of
controls was limited to only information that was recorded
and available in administrative databases. Ambulation
status and availability of a caregiver at home were part of
enrolment criteria for NUHS TCP, but this information
was not available for potential controls to be matched
on. Even though intervention patients were matched
with control patients on comorbidities, our matching was
limited in not matching on the diagnoses and reasons
for admissions, as well as the specific post-discharge care
needs. Additionally, there was a possibility that there were
potentially other intervention programmes which some
patients were exposed to but such scenarios were not
possible to track and account for.

The NICE programme and NUHS TCP each catered
to a variety of patient profiles and disease complexities.

The variability in patient needs within the programmes
could potentially lead to implementation inconsistencies
with care provided by different teams, particularly when
the programmes implemented in the real-world evolve
organically with time. Based on the evaluation findings
of other similar interventions, and earlier pilot or equiva-
lent versions by other health systems in Singapore, NUHS
TCP was expected to reduce the rates of overall all-cause
inpatient admissions,"” '"*1°* emergency admissions*' and
emergency department attendances,”’ and also reduce
all-cause inpatient admission charges,13 ¥ even if LOS was
not expected to improve.41 However, these previous inter-
ventions were applied to selective patient populations
of elderly above 65 years of age, with heart failure, and/
or with chronic obstructive pulmonary disease, whereas
NUHS TCP cared for a more heterogeneous group of
patients.

Implications for clinicians and policymakers

The lack of reductions in all-cause inpatient admissions,
emergency admissions, emergency department atten-
dances, SOC attendances and LOS for patients in the
NICE programme was not unexpected. Previous research
on similar large-scale post-discharge care efforts targeting
frequent hospital utilisers,”** have similarly found limited
impact of the interventions within such timeframes. This
could be due to the fact that frequent hospital utilisers
are a unique group of patients experiencing an extreme
acute period of high medical need. Previous research has
also demonstrated the regression to the mean phenom-
enon, with hospital utilisation dropping in the following
year after a year of frequent hospital admissions.”** Any
intervention implemented would thus have to bring
about additional benefits beyond this decrease from the
regression to the mean. The intervention could thus be
more effective if selectively applied to patients assessed to
have better prognosis but at risk to continue as frequent
hospital utilisers, such as patients who are persistent high
utilisers.*™*® With close to 30% of these frequent hospital
utilisers (and their matched controls) having less than
lyear of survival, there might be a limit to what can be
done to intervene and reverse the course of illness. If
these patients could be accurately identified, tailored
programmes could instead focus on end-of-life palliative
care and management.

The NICE programme and NUHS TCP might be consid-
ered large multi-disciplinary interventions, but at their
cores, the healthcare services provided as part of these
interventions were still centralised within hospital-based
teams. The traditional hospital, as we know it today, could
be considered to be insufficient in meeting the needs of
patients with chronic diseases and multiple comorbid-
ities in the community.”’ Singular intervention-based
adjustments to the existing system hence might not be
as impactful in effecting change without an overhauling
transformation and restructuring of the public hospitals
and healthcare system. In Singapore, there are about
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1700 private primary care physician clinics that cover
about 80% of the total primary care demand*® but handle
about 60% of the chronic disease-related attendances in
primary care.” The public hospitals can foster stronger
partnerships with private primary care physicians to have
integrative co-management of patients post-discharge,
which would help facilitate shifting from care in hospital
to care based in the community and even homes for
patients.

Unanswered questions and future research

The higher costs incurred by the programmes could
potentially be due to increased casefinding,” *' with
close monitoring by case managers in the programmes
leading to uncovering of previously undetected problems
and directing of patients for further assessment and treat-
ment. Such case finding, and increased further assess-
ments and treatments might also occur more with certain
sociodemographical characteristics of the patient popu-
lation, whereby the younger, female, and more well-off
patients are more receptive to take follow-up action,
and thus have higher healthcare utilisation. Increased
case-finding could also explain the improved mortality,
as patients may potentially have returned to the acute
hospital in time and received additional medical proce-
dures that contributed to the patients’ survival, but
not avert higher costs. It should be noted that charges
assessed in this study did not include the additional costs
incurred to run the NICE programme and NUHS TCP.
Future cost-benefit analysis could be conducted to deter-
mine if the decrease in mortality for patients enrolled
in the NICE programme outweighs the cost to run the
programme and the increased healthcare costs.

There is also a crucial need for qualitative implemen-
tation fidelity evaluation work set a prori in order to
further interpret the findings from healthcare utilisation
frequencies and charges outcomes research pertaining
to specific programmes. Additionally, evaluation studies
should shift beyond just healthcare utilisation frequencies
and charges outcomes, and focus instead on outcomes of
patients’ health confidence, quality of life and quality of
care received.” This is particularly important when evalu-
ating programmes in their early stages, and determining
if they have achieved their objectives. Future work should
also explore longer follow-up duration and continue
through more mature stages of a programme. Such eval-
uation studies are important to help inform hospital
administrators and policymakers on how to refine these
programmes and any other similar efforts towards more
integrated care.
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