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ABSTRACT 
Introduction: Despite rising healthcare expenditure 
in Singapore, detailed utilisation patterns are not well 
characterised. We analyse utilisation within SingHealth,  
the country’s largest public healthcare cluster.
Methods: We conducted a retrospective observational 
study using patient-level data from 2019 to 2024, across 
inpatient, outpatient specialist, and primary care settings. 
Patients were categorised using the Modified British 
Columbia (ModBC) Population Segmentation Framework, 
and inpatient diagnoses were classified using a locally 
adapted version of the Clinical Classifications Software 
Refined (CCSR). Healthcare costs were reported in  
inflation-adjusted 2024 Singapore dollars (SGD). Descriptive 
statistics and temporal trend analyses were performed.
Results: The patient population increased from 1.21  
million in 2019 to 1.37 million in 2024, while total health-
care expenditure rose from SGD 4.37 billion to SGD 6.05 
billion. Inpatient care remained the dominant cost driver, 
accounting for 63.8% of total expenditure in 2024, with 
a stable relative share over time. Expenditure increased 
disproportionately among older adults, with the steepest 
per-user growth in those aged ≥80 years, consistent  
with age-related acceleration in healthcare spending. 
Absolute utilisation increased among adults aged ≥60 
years, while utilisation rates within age groups remained 
stable, suggesting that growth was associated with  
changes in population composition rather than utilisation 
intensity. Patients in the ModBC high-complex chronic 
conditions and cancer segments accounted for 46.7%  
of total expenditure. Diagnosis-level analyses using CCSR 
revealed age-related differences in utilisation patterns 
within these segments. 
Conclusion: Rising healthcare expenditure appears 
consistent with population ageing and the increasing 
complexity of chronic diseases. Addressing these  
challenges will require a sustained shift towards  
preventive, community-based, and value-driven models of 
care to ensure long-term system sustainability.

Keywords:  health finance, healthcare costs, healthcare 
expenditure, healthcare utilisation, population health 
analytics, public health

CLINICAL IMPACT

What is New
•	 This is the first comprehensive, patient-level, 

longitudinal analysis of healthcare utilisation and 
costs across the full continuum of care in SingHealth, 
Singapore’s largest public healthcare cluster.

•	 The findings support a pathway in which population 
ageing and secular advances in medical care increase 
the number of clinically complex patients, thereby 
driving healthcare utilisation and expenditure.

Clinical Implications
•	 Addressing the rising healthcare expenditure 

will require a sustained shift towards preventive, 
community-based, and value-driven models of care 
to ensure long-term system sustainability.

INTRODUCTION
Healthcare utilisation and expenditure have risen 
globally, placing increasing strain on the health  
system.1 Global health spending reached approxi-
mately United States Dollars (USD) 9.8 trillion (9.9%  
of global gross domestic product [GDP]) in 2022,1  
while OECD health expenditure increased from 8.8% 
of GDP in 2019 to 9.2% in 2023.2 These trends are 
driven by population ageing, rising non-communicable 
disease burden, emerging health risks, and advances 
in medical technology, underscoring the need for 
sustainable health system reforms.1,2

Singapore’s healthcare system, often regarded as 
cost-effective, is not immune to these pressures. 
It achieves universal health coverage through its 
“3M” framework—MediShield Life, MediSave, and  
MediFund—which combines mandatory medical  
savings, subsidised insurance, and a public safety 
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Inclusion and exclusion criteria
The study included all individuals with at least 1  
recorded healthcare encounter at any SingHealth 
institution between 1 January 2019 and 31 December 
2024. The study population therefore comprises 
patients who utilised SingHealth services and does 
not represent the resident population of any defined 
catchment area. The cohort spanned all age groups, 
sexes, and major ethnic groups. Complete case analysis 
was conducted, with no exclusion criteria applied.

Variables and measures
Demographic variables included sex, ethnicity, and 
age, categorised into 7 groups: 0–4 years, 5–17 years, 
18–39 years, 40–59 years, 60–69 years, 70–79 years, 
and 80 years or older—reflecting meaningful life  
stages and healthcare utilisation patterns across the 
lifespan.

Healthcare costs were captured comprehensively  
across 3 main care settings. Inpatient costs included 
all expenses associated with hospital admissions, 
such as room charges, procedures, medications, 
and professional fees. Outpatient costs comprised 
expenditures for specialist clinic visits and ambulatory 
services, while primary care costs covered public 
sector primary care services within SingHealth 
(i.e., polyclinic visits) and did not include private  
general practitioner services. Total healthcare costs  
were calculated as the sum of expenditures across all  
3 settings for each calendar year, providing a complete 
picture of healthcare resource utilisation.

Modified British Columbia Population Segmentation 
Framework 
The Modified British Columbia Population Segmenta-
tion Framework (ModBC), adapted from the British 
Columbia Health System Matrix, was used to stratify a 
heterogeneous population into mutually exclusive sub- 
groups based on healthcare needs and complexity,8,9  
enabling utilisation trends to be interpreted in 
relation to underlying care needs. The framework 
uses a hierarchical classification algorithm that assigns 
individuals to segments based on their most significant 
healthcare need, ensuring that patients with multiple 
conditions are classified by their highest level of 
complexity. Within these segments, we examined 
demand-driving utilisation patterns to inform targeted, 
needs-based interventions and service planning.

In this study, patients were classified into 7 ModBC 
categories (detailed in Supplementary Table S1): 
1.	 Healthy with outpatient utilisation; 
2.	 Healthy with inpatient admission; 
3.	 Low-complex chronic conditions;

net.3,4 This approach has supported strong health 
outcomes, while maintaining relatively low national 
health expenditure (4–5% of GDP).5 However,  
healthcare expenditures have risen in both absolute  
and relative terms. Government health expenditure 
increased from Singapore dollars (SGD) 3.9 billion 
(2.0% of GDP) in 2010 to SGD 11.1 billion (2.2%) in 
2019, exceeding SGD 15 billion (>2.9% of GDP) in 
both 2020 and 2021 during the COVID-19 pandemic,6 
and is projected to rise from SGD 21 billion in 2025 to  
SGD 30 billion by 2030. 

In response, the Healthier SG initiative was launched 
in 2023 to strengthen preventive health and chronic 
disease management. It promotes longitudinal primary 
care, public–private collaboration, and a shift towards 
capitation-based financing to support preventive 
care and population-level health management across 
Singapore’s 3 healthcare clusters—Singapore Health 
Services (SingHealth), National University Health  
System, and National Healthcare Group (NHG) Health.7

Despite well-documented national trends, the  
granular patterns of healthcare utilisation across care 
settings remain less well understood. Such insights are 
critical for identifying utilisation trajectories, evolving 
care needs, and service gaps, and for informing value-
based care strategies. This study examines healthcare 
utilisation within SingHealth, Singapore’s largest 
healthcare cluster, comprising 4 acute hospitals, 5 
national specialty centres, 3 community hospitals,  
and 10 primary care polyclinics, serving nearly half  
of the population. Specifically, we examine how 
demographic change and clinical complexity, as 
characterised by a population segmentation frame-
work, relate to patterns of healthcare utilisation and 
expenditure across care settings. Using longitudinal  
data from 2019 to 2024 across inpatient, outpatient 
specialist, and primary care services, and leveraging 
diagnosis-level analyses using the Clinical Classifica-
tions Software Refined (CCSR) to characterise inpatient 
utilisation patterns, this study aims to inform resource 
planning and support the development of targeted 
strategies to ensure the sustainability of Singapore’s 
largest healthcare delivery system.

METHODS

Study setting and data sources
This was a retrospective, population-based observa-
tional study of all individuals with at least 1 healthcare 
encounter within SingHealth between 2019 and 2024. 
Patient-level data were obtained from the SingHealth 
Integrated Electronic Health Records database, 
which consolidates administrative, clinical, and billing 
information across all SingHealth institutions and care 
settings.
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4.	 Medium-complex chronic conditions; 
5.	 Mental health conditions; 
6.	 High-complex chronic conditions; and 
7.	 Cancer

These analytic categories were consolidated from  
the original 12 ModBC segments to improve inter-
pretability. They are intended for population health 
planning and should not be interpreted as a linear 
hierarchy of disease severity, but rather as reflecting 
distinct patterns of healthcare needs and utilisation.  
For example, the mental health segment is defined  
using prespecified diagnosis and procedure codes  
within the adapted ModBC algorithm, rather than 
symptom scores or screening instruments, while the 
cancer segment is defined using cancer-related coding 
rules, including malignant and metastatic disease  
where applicable, and is analysed separately because 
of its distinct care pathways and resource requirements.

The classification algorithm draws on healthcare data 
from the current year and the preceding 4 years to 
account for each patient’s chronic disease complexity. 
Patients may transition between segments over time 
as their clinical status evolves. Diagnostic information  
was drawn from all healthcare encounters, including 
primary care diagnoses, primary and secondary ICD-
10 codes, and surgical procedure codes. As part of 
the internal assignment logic of the ModBC algorithm, 
patients without chronic disease complexity tags 
were further stratified based on their healthcare 
utilisation intensity (as measured by emergency visits, 
hospitalisations, and specialist consultations) for the 
current year of assessment; this stratification was  
used solely for segment assignment and was not 
independently reported in the results section.

Clinical Classifications Software Refined
To enable clinically meaningful analysis of inpatient 
utilisation patterns, primary inpatient diagnoses were 
classified using a locally adapted version of the Clinical 
Classifications Software Refined (CCSR), originally 
developed by the US Agency for Healthcare Research 
and Quality.10 While ICD-10 codes provide granular 
diagnostic detail, their high dimensionality and clinical 
specificity can limit interpretability for population-
level analyses. The CCSR addresses this by grouping 
ICD-10 Clinical Modification (ICD-10-CM) codes into 
approximately 530 clinically meaningful categories 
providing insights into disease-specific healthcare 
utilisation and outcomes.10,11 As Singapore uses 
the ICD-10 Australian Modification (ICD-10-AM), a 
customised mapping algorithm was used to align ICD-
10-AM codes to CCSR categories.12

Cost and statistical analysis
Healthcare costs were defined as gross bill charges 
before government subsidies, insurance disburse-

ments, or patient co-payments, and therefore reflect  
the provider’s perspective. Costs were expressed 
in 2024 SGD and adjusted for inflation using the 
Singapore Consumer Price Index. This enabled year-
on-year comparisons while accounting for changes in 
purchasing power over the study period. Descriptive 
statistics summarised population charac-teristics and 
healthcare costs. Trends from 2019 to 2024 were 
examined by care setting, demographic subgroup, 
and ModBC category. Analyses were conducted in R 
version 4.4.1 (R Foundation for Statistical Computing, 
Vienna, Austria).

Ethics
Ethics approval was obtained from the SingHealth 
Centralised Institutional Review Board (CIRB) prior  
to initiating this study (SingHealth CIRB reference 
number: 2022/00892). As all participant data were  
de-identified, a waiver for participant consent was  
also obtained.

RESULTS
Across the study period, the number of patients  
served by SingHealth increased from 1.21 million in 
2019 to 1.37 million in 2024 (Fig. 1A). The proportion 
of female patients remained relatively stable (53.4–
54.2%), and the ethnic distribution closely mirrored  
that of the national population (Fig. 1B).13 The 
population of Chinese patients exhibited modestly 
higher growth (Supplementary Fig. S1). The patient 
cohort became progressively older over time, with 
patients aged ≥60 years increasing from 379,275 
(29.4%) in 2019 to 467,186 (34.2%) in 2024 (Fig. 1C 
and Supplementary Fig. S2).

Total inflation-adjusted healthcare expenditure 
increased steadily over the study period, rising from  
SGD 4.37 billion in 2019 to SGD 6.05 billion in 2024  
(Fig. 2A). Inpatient care remained the largest cost 
component, accounting for 63.8% of total expenditure 
in 2024, with a stable share over time (63.2% in 2019  
to 63.8% in 2024), indicating growth in absolute but  
not relative terms.

In 2024, females accounted for slightly higher  
total expenditure than males (SGD 2.22 billion versus 
SGD 2.15 billion, respectively). On aggregate, males  
had a higher proportion of their total spending  
attributed to inpatient care and a lower proportion  
to outpatient services (Fig. 2A). Across ethnic groups, 
the distribution of healthcare expenditure by type  
of care remained broadly stable over time (Fig. 2B). 
However, Chinese patients exhibited the largest  
overall increase in healthcare expenditure, with con-
sistently higher growth across most care settings 
compared with other ethnic groups (Supplementary 
Fig. S3). Similarly, across age groups, the distribution  
of healthcare expenditure by type of care remained 
broadly stable over time (Fig. 2C). However, older 
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Fig. 1. Demographic composition of patients utilising SingHealth services by (A) sex, (B) ethnicity, (C) age group.

(A) Population Composition by Sex

(B) Population Composition by Ethnicity

(C) Population Composition by Age Group

patients aged 70–79 years and ≥80 years exhibited 
the largest overall increases in healthcare expenditure, 
with consistently higher growth across all care settings 
(Supplementary Fig. S4). 

Absolute utilisation of inpatient, outpatient, and  
primary care services (defined as the number of  
patients utilising each service) increased over time 
for patients aged ≥60 years and especially for those 
aged 70–79 years (Fig. 3A, Supplementary Fig. S5). 
In contrast, service-specific utilisation rates within age 
groups (defined as the number of patients utilising 

a given service divided by the number of patients in  
that age group utilising any service) remained relatively 
stable across most services (Fig. 3B). These findings  
are consistent with rising service use being associated 
more with shifts in population composition (Fig. 1C)  
than with increased utilisation intensity within age  
groups.

Inpatient care had the highest per-user expenditure 
(calculated as the total service expenditure divided  
by the number of patients who utilised the service in a 
given year), followed by outpatient and then primary 
care (Fig. 4). Inpatient per-user expenditure was higher 
in males than in females, showed minimal variation 
across ethnic groups, and increased with age, parti-
cularly among individuals aged ≥60 years. Notably, 
inpatient per-user expenditure increased over time,  
with the greatest growth observed in older age  
groups (Fig. 4C and Supplementary Table S3). In  
contrast, per-user expenditure for outpatient and  
primary care remained relatively consistent across  
age groups and did not exhibit substantial increases 
over time.

The distribution of patients by ModBC segment 
(Fig. 5A) showed increasing absolute counts and 
modest proportional growth in the high-complex 
chronic conditions and cancer segments over the  
study period, consistent with a shift towards higher 
clinical complexity. In 2024, patients in the cancer 
segment accounted for 24.0% of healthcare expen-
diture, followed by patients with high-complexity  
chronic conditions (22.7%) and patients in the healthy  
with inpatient admission segment (16.3%) (Fig. 5B). 
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Fig. 2. Distribution of healthcare expenditure (in SGD millions) by type of care and demographic characteristics by (A) sex, (B) ethnicity, (C) age group.

(A) Healthcare Expenditure Breakdown by Sex and Type of 
Care

(C) Healthcare Expenditure Breakdown by Age Group and Type 
of Care

(B) Healthcare Expenditure Breakdown by Ethnicity and Type 
of Care

Despite differences in total expenditure, patients  
in the cancer and high-complex chronic conditions 
segments incurred substantially higher per-user costs, 
calculated as total expenditure within a segment  
divided by the number of patients in that segment  
in a given year (Fig. 5C). Interestingly, healthy patients 

with inpatient admissions had higher per-user costs  
than patients in the medium- and low-complexity  
chronic conditions segment.

Distribution of top hospital admission diagnoses by 
patient segment
Table 1 presents the top 10 most common reasons 
from inpatient admissions in 2024 characterised using 
the CCSR and stratified by modified BC segment. 
Additional details including the ICD-10-AM codes are 
provided in Supplementary Tables S6–S12.

The top 10 most common reasons for admission  
across ModBC patient segments accounted for  
21–33% of all admissions and varied by segment, 
suggesting differing clinical profiles. Among patients 
classified as healthy with inpatient admission,  
admissions were primarily for low-acuity conditions 
such as benign neoplasms, intestinal infections (i.e. 
gastroenteritis-related conditions), abdominal pain and 
related symptoms, and upper respiratory infections. 

In the low- and medium-complex chronic conditions 
segments, admissions were characterised by a broader 
mix of acute and chronic conditions, including upper 
respiratory disease (i.e. otorhinolaryngology-related 
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Fig. 3. Service utilisation trends by age group and type of care (A) absolute utilisation, (B) utilisation rates.

(A) Absolute Service Utilisation by Age Group and Type of Care

(B) Service Utilisation Rates by Age Group and Type of Care
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Fig. 4. Per-user healthcare expenditure by type of care and demographic characteristics by (A) sex, (B) ethnicity, (C) age group.

(A) Per-User Healthcare Expenditure by Type and Sex

(B) Per-User Healthcare Expenditure by Type of Encounter and 
Ethnicity

(C) Per-User Healthcare Expenditure by Type of Encounter and 
Age Group

conditions), abdominal pain and related symptoms, 
benign neoplasms, pneumonia, coronary artery disease, 
and nonspecific chest pain.

For patients in the high-complex chronic conditions 
segment, admissions were predominantly for 
pneumonia and complications of chronic diseases.  
These included diabetes with complications, cerebral 

infarction, heart failure, fluid and electrolyte disorders, 
and cardiovascular implant-related complications.

Among patients with mental health conditions,  
common causes of admission included poisoning by 
drugs and other low-acuity conditions.  In the cancer 
segment, the most common admissions were for 
encounters related to antineoplastic therapies, as well  
as primary and secondary malignancies, particularly 
breast, colorectal, and respiratory cancers.

Additionally, we compared the top 10 most  
common CCSR reasons for inpatient admissions in  
2024 between adults aged 18–59 years and those  
aged ≥60 years (Supplementary Tables S4 and S5). 
Among patients with medium-complexity chronic 
conditions, there was substantial overlap, with 9  
of the top 10 CCSR categories shared between age 
groups. In contrast, clearer age-related differences  
were observed among patients with high-complex 
chronic conditions. Adults aged <60 years were more 
likely to be admitted for chronic kidney disease,  
coronary atherosclerosis, nonspecific chest pain, and 
cutaneous infections, whereas those aged ≥60 years  
were more frequently admitted for osteoarthritis, 
pneumonia, and urinary tract infections.
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Fig. 5. (A) Population composition by ModBC segment, (B) total healthcare expenditure by ModBC segment, (C) per-user cost by ModBC segment. 

(A) Population Composition by Modified BC Segment (C) Per-User Cost by Modified BC Segment

(B) Total Healthcare Costs by Modified BC Segment
ModBC: Modified British Columbia Population Segmentation  
Framework

Within the cancer segment, younger adults were  
more commonly admitted for ductal breast cancer, 
endocrine system cancers, female reproductive system 
cancers, and non-Hodgkin lymphoma, while older  
adults were more likely to be admitted for male 
reproductive system cancers, respiratory cancers, 
pneumonia, and urinary tract infections. Overall, 
diagnosis-level analyses revealed age-related  
differences in utilisation patterns, particularly within  
the high-complex chronic and cancer segments.

DISCUSSION
In this study, we examined healthcare utilisation across 
the SingHealth cluster, providing a comprehensive  
view of utilisation trends and factors associated 
with rising healthcare demand. Leveraging a large 
longitudinal dataset across the continuum of care, 
we found that inpatient care remained the largest 
cost component, increasing substantially in absolute 
terms while its share of total expenditure remained 
stable. Healthcare expenditure grew most markedly 
among patients aged 70–79 years and ≥80 years, with  
inpatient care accounting for most of this increase. 
This pattern is consistent with demographic shifts, with 
increased service use attributable to a growing older 
population rather than increased utili-sation intensity 
within age groups. Concurrently, inpatient per-user 
expenditure rose over time, particularly among adults 
aged ≥60 years, while outpatient and primary care  
per-user costs remained relatively stable.

Using the ModBC population segmentation frame-
work, we observed a shift towards greater clinical 
complexity, with growth in the high-complex chronic 
conditions and cancer segments. Together, these 
segments accounted for over 40% of total expenditure 
and were associated with substantially higher per-user 
costs. Diagnosis-level analyses using CCSR further 
revealed age-related differences in utilisation patterns 
within these groups. Taken together, these findings 
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Table 1. Distribution of top 10 CCSR codes (in square brackets) for all inpatient admissions in FY24 by patient segment, with counts and percentage of admissions in brackets.

  Whole cohort ModBC Segment

Healthy with inpatient 
admission

Low-complex  
chronic conditions

Medium-complex  
chronic conditions

High-complex  
chronic conditions

Mental health  
condition

Cancer

1 Pneumonia (except 
that caused by 

tuberculosis) [RSP002]: 
9626 (3.1)

Benign neoplasms  
[NEO073]: 4332 (4.2)

Other specified and 
unspecified upper 
respiratory disease 
[RSP007]: 2482 (5)

Coronary atherosclerosis 
and other heart disease 

[CIR011]: 2384 (6.1)

Pneumonia (except that 
caused by tuberculosis) 

[RSP002]: 3191 (5.5)

Poisoning by drugs, 
initial encounter 

[INJ022]: 308 (3.4)

Encounter for 
antineoplastic therapies 

[FAC006]: 2837 (5.2)

2 Benign neoplasms 
[NEO073]: 9247 (2.9)

Intestinal infection 
[DIG001]: 4111 (4)

Abdominal pain and 
other digestive/abdomen 

signs and symptoms 
[SYM006]: 1905 (3.9)

Nonspecific chest pain 
[CIR012]: 1215 (3.1)

Diabetes mellitus with 
complication [END003]: 

3092 (5.3)

Abdominal pain and 
other digestive/abdomen 

signs and symptoms 
[SYM006]: 300 (3.3)

Breast cancer - all other 
types [NEO030]:  

2412 (4.5)

3 Abdominal pain 
and other digestive/
abdomen signs and 
symptoms [SYM006]: 

8199 (2.6)

Abdominal pain and  
other digestive/abdomen 

signs and symptoms 
[SYM006]: 3303 (3.2)

Benign neoplasms 
[NEO073]: 1793 (3.6)

Osteoarthritis [MUS006]: 
1204 (3.1)

Cerebral infarction 
[CIR020]: 2287 (3.9)

Gastritis and duodenitis 
[DIG007]: 256 (2.8)

Gastrointestinal cancers 
- colorectal [NEO015]: 

2061 (3.8)

4 Intestinal infection 
[DIG001]: 7887 (2.5)

Other specified upper 
respiratory infections 
[RSP006]: 3197 (3.1)

Osteoarthritis [MUS006]: 
1533 (3.1)

Acute myocardial 
infarction [CIR009]:  

1192 (3)

Heart failure [CIR019]:  
2015 (3.5)

Intestinal infection 
[DIG001]: 246 (2.7)

Secondary malignancies 
[NEO070]: 1928 (3.6)

5 Gastritis and 
duodenitis  

[DIG007]: 6381 (2)

Encounter for observation 
and examination for 
conditions ruled out 

(excludes infectious disease, 
neoplasm, mental disorders) 

[FAC003]: 2738 (2.6)

Gastritis and duodenitis 
[DIG007]: 1475 (3)

Diabetes mellitus  
with complication 

[END003]: 1172 (3)

Fluid and electrolyte 
disorders [END011]:  

1861 (3.2)

Nonspecific chest pain 
[CIR012]: 224 (2.5)

Pneumonia (except that 
caused by tuberculosis) 

[RSP002]: 1508 (2.8)

6 Other specified upper 
respiratory infections 
[RSP006]: 5863 (1.9)

Other specified female 
genital disorders [GEN025]: 

2683 (2.6)

Respiratory signs and 
symptoms [SYM013]: 

1424 (2.9)

Abdominal pain and 
other digestive/abdomen 

signs and symptoms 
[SYM006]: 1138 (2.9)

Complication of 
cardiovascular device, 
implant or graft, initial 
encounter [INJ033]: 

1762 (3)

Respiratory signs and 
symptoms [SYM013]: 

195 (2.2)

Benign neoplasms 
[NEO073]: 1316 (2.4)

7 Skin and subcutaneous 
tissue infections 

[SKN001]: 5776 (1.8)

Pneumonia (except that 
caused by tuberculosis) 

[RSP002]: 2608 (2.5)

Asthma [RSP009]:  
1403 (2.9)

Benign neoplasms 
[NEO073]: 1053 (2.7)

Urinary tract infections 
[GEN004]: 1515 (2.6)

Other specified and 
unspecified upper 
respiratory disease 
[RSP007]: 187 (2.1)

Respiratory cancers 
[NEO022]: 1269 (2.3)

8 Diabetes mellitus 
with complication 

[END003]: 5697 (1.8)

Gastritis and duodenitis 
[DIG007]: 2395 (2.3)

Skin and subcutaneous 
tissue infections 

[SKN001]: 1320 (2.7)

Pneumonia (except that 
caused by tuberculosis) 

[RSP002]: 1019 (2.6)

Other general signs  
and symptoms [SYM016]: 

1342 (2.3)

Benign neoplasms 
[NEO073]: 176 (2)

Non-Hodgkin lymphoma 
[NEO058]: 1109 (2)

9 Other specified and 
unspecified upper 
respiratory disease 
[RSP007]: 4941 (1.6)

Haemolytic jaundice and 
perinatal jaundice [PNL007]: 

2143 (2.1)

Intestinal infection 
[DIG001]: 1146 (2.3)

Gastritis and duodenitis 
[DIG007]: 1004 (2.6)

Acute myocardial 
infarction [CIR009]:  

1256 (2.2)

Pneumonia (except that 
caused by tuberculosis) 

[RSP002]: 175 (1.9)

Implant, device or 
graft related encounter 

[FAC009]: 1071 (2)

10 Respiratory signs and 
symptoms [SYM013]: 

4892 (1.6)

Acute bronchitis [RSP005]: 
2028 (2)

Pneumonia (except that 
caused by tuberculosis) 

[RSP002]: 1125 (2.3)

Skin and subcutaneous 
tissue infections 

[SKN001]: 915 (2.3)

Coronary atherosclerosis 
and other heart disease 

[CIR011]: 1237 (2.1)

Other general signs and 
symptoms [SYM016]: 

172 (1.9)

Male reproductive 
system cancers - prostate 

[NEO039]: 1048 (1.9)

CCSR: Clinical Classifications Software Refined; FY: financial year; ModBC: Modified British Columbia Population Segmentation Framework
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suggest that demographic change and increasing 
clinical complexity are important factors associated  
with healthcare utilisation and expenditure.

Demographic shifts and the steepening hypothesis
The demographic shifts observed in our cohort mirror 
national ageing trends. Singapore is among the  
world’s fastest ageing societies and is projected to 
become a super-aged society by 2030.14 Between  
2019 and 2024, the proportion of residents aged  
≥60 years increased nationally from 21.4% to 25.1%,15 
while rising more rapidly in our healthcare cohort from 
29.4% to 34.2%. Over the same period, healthcare 
expenditure for this group in SingHealth increased 
from SGD 2.24 billion (51.2% of total expenditure) to 
SGD 3.45 billion (57.0%) (Supplementary Table S3).

Our findings show that population ageing is amplified 
within healthcare cohorts, with a disproportionate 
concentration of utilisation and expenditure among  
older adults. Patients aged ≥60 years had higher  
total and per-user expenditures and experienced  
faster expenditure growth over time (Supplementary 
Fig. S4; Fig. 4C). This is consistent with the steepening 
hypothesis, which posits that age-specific healthcare 
spending increases more rapidly among older indivi- 
duals over time,16,17 as reported in other developed 
settings.16,18,19

Central to the steepening hypothesis are the 
dimensions of chronological age, per-user expen- 
diture, and time.16 Over time, demographic shifts  
are associated with a greater proportion of older 
individuals within the population, while advances 
in medical care have extended life expectancy 
and expanded treatment options for older adults,  
potentially increasing maintenance costs over the life 
course.19,20

We did not examine time-to-death and therefore 
could not assess the widely discussed “red herring” 
hypothesis, which posits that ageing may not substan-
tially influence healthcare expenditure when adjusted  
for an individual’s proximity to death.17,21 Nevertheless, 
the patterns observed in our study remain consistent 
with several plausible explanations.

First, technological innovation is closely linked to  
both health outcomes and healthcare costs, high- 
lighting the importance of cost-effective, value-based 
adoption to support sustainable expenditure growth.17 
Second, the interplay between longevity, healthcare 
innovation, and expenditure suggests that extended 
survival may be associated with higher long-term  
costs. Taken together, these findings support a 
life-course approach to care, which may support  
informed, value-based decisions that promote healthy 
ageing and appropriate resource use over time.  
Within this context, advance care planning and  
end-of-life discussions remain important to help align 

care with patients’ values and preferences, and may  
also shape healthcare utilisation and expenditure.21 

Insights from service utilisation rates
Inpatient utilisation remained the dominant driver of 
healthcare expenditure. Absolute inpatient service 
utilisation increased markedly over time, particularly 
among patients aged 70–79 years and ≥80 years 
(Fig. 3A; Supplementary Fig. S4). However, relatively 
stable inpatient utilisation rates (Fig. 3B) suggest that 
this growth is more consistent with the expansion of 
older age groups rather than with increased utilisation 
intensity within age groups. This stability may reflect 
the effectiveness of ongoing efforts to manage  
demand despite demographic shifts. Notably, the 
study period spans the COVID-19 pandemic (2020–
2022) and post-pandemic recovery. Despite this, we 
did not observe a clear rebound pattern in utilisation  
or expenditure, characterised by a transient spike 
followed by a decline; but rather broadly consistent 
year-on-year growth throughout the study period.  
While pandemic-related effects cannot be fully disen-
tangled from underlying secular trends, extending the 
study period to 2024 provides a longer post-pandemic 
observation window, improving the interpretability of 
temporal trends.

Considered alongside rising inpatient per-patient 
expenditure among older adults aged ≥60 years 
(Fig. 4), these findings suggest that increasing costs 
reflect not only population ageing and technological 
advances but also greater resource intensity per  
patient, potentially related to increasing clinical 
complexity and multimorbidity. While CCSR-based 
analyses provide insight into utilisation reasons, they  
do not fully capture clinical complexity, and more 
advanced methods are needed to assess its evolution 
over time.

Although stable inpatient utilisation rates are  
desirable, greater utilisation of primary care may be 
preferable from a system perspective, as it reflects a 
shift towards lower-cost, community-based care. In  
the context of Healthier SG, our data include only  
public-sector primary care utilisation, with private- 
sector data not yet available. Nevertheless, streng-
thening primary and community-based care remains 
critical to moderating inpatient expenditure growth. 
The success of Healthier SG will depend on addressing 
persistent barriers to primary care access, including 
limited consultation time, long waiting times, gaps 
in continuity of care, provider workload, and admini- 
strative burden.22

Clinical complexity as a driver of healthcare 
expenditure
Clinical complexity, as characterised by the ModBC 
population segmentation framework, provides an 
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important lens for interpreting patterns of healthcare 
utilisation and expenditure. By incorporating infor-
mation from the index year and the preceding  
4 years, ModBC assigns patients to mutually exclusive 
segments as a pragmatic proxy for underlying 
complexity. Patients in the high-complex chronic 
conditions and cancer segments accounted for nearly 
half of total healthcare expenditure, with per-user  
costs more than twice those of other segments, 
consistent with an important association between 
clinical complexity and higher costs.

Diagnosis-level analyses using CCSR further demon-
strated that inpatient admissions were increasingly 
characterised by more complex conditions as ModBC 
segment severity increases. While ModBC enables 
identification of high-need patients, the marked 
heterogeneity in CCSR diagnoses within segments 
suggests that segmentation alone may be insufficient 
to guide actionable interventions, consistent with  
prior studies.23 However, the dimensionality reduction 
afforded by CCSR allows clinically related conditions  
to be grouped and could be incorporated into  
predictive models24,25 as both inputs and outputs.  
This would enable the development of models that 
 jointly capture utilisation risk and underlying clinical 
factors—an approach that would be difficult using  
highly granular ICD-10 codes alone.

Integrating demographic change, healthcare 
utilisation, and clinical complexity
Taken together, our findings are consistent with a  
pathway in which population ageing and secular 
advances in medical care increase the number of 
clinically complex patients, alongside higher healthcare 
utilisation and expenditure. Stable utilisation rates 
across age groups suggest that rising absolute 
utilisation is more closely associated with shifts in 
population composition, while increasing inpatient  
per-user expenditure points to greater resource 
intensity per patient. In this context, population ageing 
is a distal, non-modifiable driver of demand, whereas 
clinical complexity is a more proximal, potentially 
actionable factor.

Strengths and limitations
This study has several strengths. It uses a large, 
contemporary patient-level dataset spanning 6 years 
and the full continuum of care within Singapore’s 
largest healthcare cluster, enabling robust longitudinal 
analyses of healthcare utilisation and expenditure. 
Through patient-level linkage across care settings and 
application of a population segmentation framework 
at cluster scale, it provides a granular post-pandemic 
baseline for system-level planning. These data offer 
a comprehensive view of utilisation, complexity, and 

expenditure patterns, with relevance for national  
policy on healthcare financing, system capacity, and 
resource planning.

Nevertheless, several limitations should be acknow-
ledged. First, as an observational analysis using 
routinely collected administrative and clinical data, 
causal relationships cannot be established. Temporal 
associations do not imply causality, and the effects 
of policy changes, demographic shifts, technological 
advances, and health-seeking behaviours cannot be  
fully disentangled. Residual confounding, variation  
in coding practices, and data completeness may  
introduce bias.

Second, the study period encompasses the  
COVID-19 pandemic, which disrupted healthcare  
delivery and utilisation patterns. Although the year-
stratified results allow descriptive comparisons across 
pre-, during-, and post-pandemic phases, we did not 
perform a formal causal analysis of COVID-19 effects. 
While isolating its specific impact is challenging, the 
inclusion of data beyond the acute phase enhances  
the generalisability of our findings. 

Third, this analysis was confined to patients who 
utilised SingHealth’s services. Although SingHealth  
serves nearly half of Singapore’s population, utilisation 
patterns may differ across clusters and geographic  
areas due to variations in demographics, service 
configurations, and referral patterns, limiting gene-
ralisability.

Fourth, the analysis did not account for patient  
mobility across clusters or private-sector utilisation, 
potentially underestimating total healthcare use. Care 
delivered outside the SingHealth system, including 
private specialist services, traditional medicine, and 
overseas treatment, was not captured. 

Fifth, this study focused on utilisation and expendi- 
tures rather than clinical outcomes such as mortality, 
disease progression, or functional status. Cost esti- 
mates reflect the provider’s perspective and do not 
capture broader societal costs such as productivity  
losses or informal caregiving.

Sixth, although comprehensive, the dataset lacks 
detailed clinical information on disease severity, 
functional status, comorbidity burden, and quality-of- 
care metrics, limiting the assessment of the appropria-
teness and effectiveness of care. While CCSR enables 
clinically meaningful categorisation, it does not fully 
capture variation in clinical complexity or resource use 
over time. This study also did not assess admission 
avoidability; thus, observed inpatient utilisation and 
expenditure should not be assumed to represent 
preventable care. Future work could apply existing  
MOH frameworks to avoidable admissions to better 
identify modifiable drivers of inpatient use.
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Finally, population segmentation approaches have  
inherent limitations. While they provide useful strategic  
insights, patients within each segment remain hete-
rogeneous and findings cannot be directly translated 
into intervention strategies without more sophisticated 
analysis.

In summary, rising healthcare utilisation and expen-
diture appear to be driven by a combination of  
population ageing and increasing clinical complexity. 
Advances in medical care have extended life expec-
tancy and expanded treatment options, but have also 
increased long-term maintenance costs, particularly 
among older adults. Addressing these challenges  
will require a sustained shift towards preventive, 
community-based, and value-driven models of care  
to ensure long-term system sustainability. 
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