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admission dates. Annual healthcare expenditure (gross 
bills and number of visits/admissions) was estimated  
by summing gross bills, including subsidies and third-
party payments, by year. Patients’ disease conditions 
were identified based on inpatient discharge diagnosis 
codes (International Classification of Diseases, 
Tenth Revision), broadly categorised as detailed in  
Appendix Table S3. Inpatient discharge specialities 
and outpatient specialities were collated to assess 
associations with PHU status.

Statistical methods
Categorical variables were summarised as frequencies 
and percentages, while continuous variables as mean 
and standard deviation (SD). Comparisons between 
PHUs and non-PHUs were tested with chi-square tests 
and two-sample t-test for categorical and continuous 
variables, respectively. For healthcare utilisation- 
related data, the mean with SD and median with 
interquartile range of the total healthcare expendi-t 
ures (2020–2022) were presented, and differences  
were tested with the Mann-Whitney U-test. Multi-
variable logistic regressions were conducted to study 
the association between PHU status with different 
disease conditions, healthcare utilisation patterns and 
demographic characteristics. Statistical significance 
was set at 5% and analyses were performed using R 
version 4.1.1 (R Foundation for Statistical Computing, 
Vienna, Austria).

service type. This allowed deeper insights often  
missed in the national registry.  

Data sources and variables
All datasets were obtained from CGH’s administrative 
databases. Visit-level data were extracted for inpatient 
admissions, ED visits, outpatient specialist visits and  
day surgery admissions. Bills data were extracted by 
service types (e.g. gross bill for specific ward types 
during inpatient admissions). Patient-level variables 
were aggregated annually (2020–2022) for variables 
such as (1) demographics, (2) healthcare service 
utilisation (i.e. total gross bills, number of visits/
admissions and visit/admission details by service  
type) and (3) disease conditions. 

Patients’ age, sex, ethnicity, resident status and 
housing type (based on the flat type with the largest 
proportion in the block via patients’ postal code  
data22) were studied. To estimate the density of PHU  
in each geographic location, a population-related  
census by geographical location was obtained from 
the website by a government agency in Singapore  
and referenced to the 2020 data.22 All healthcare 
expenditures were adjusted to 2022 Singapore  
dollars.23 

Dates of expenditures for emergency and out- 
patient services were based on attendance dates, 
while those for inpatient services were based on 

Fig. 1. Flowchart for PHU determination.

AET: annual expenditure threshold; CGH: Changi General Hospital; PHUs: persistent high utilisers

SStteepp  11::  IIddeennttiiffiiccaattiioonn  ooff  rreessiiddeennttss  iinn  tthhee  ccaattcchhmmeenntt  aarreeaa  ooff  CCGGHH  ffrroomm  tthhee  PPooppuullaattiioonn  HHeeaalltthh  SSttaappllee  DDaattaasseett  
n=637,434 residents who have utilised healthcare services in Singapore from 1 January 2017 to 31 December 2019

SStteepp  22::  CCoommppuuttaattiioonn  ooff  aannnnuuaall  eexxppeennddiittuurreess  ooff  rreessiiddeennttss
Annual total healthcare expenditures for residents across all healthcare services were calculated across all services in 

2017, 2018 and 2019

SStteepp  33::  IIddeennttiiffiiccaattiioonn  ooff  PPHHUUss
n=16,820 residents from Step 1 were consistently in the top 10th decile in each of the years of 2017, 

2018 and 2019 

SStteepp  44::  IIddeennttiiffiiccaattiioonn  ooff  rreessiiddeennttss  wwhhoo  hhaavvee  uuttiilliisseedd  CCGGHH  sseerrvviicceess
n=14,134 residents from Step 3 utilised CGH services at least once from 

2017 to 2019

SStteepp  55::  DDeerriivvaattiioonn  ooff  CCGGHH  hhoossppiittaall--ssppeecciiffiicc  AAEETT
The minimum annual expenditure incurred in CGH, so that all residents with annual gross bills incurred in CGH greater 

than or equal to the AET in each year of 2017, 2018 and 2019 were only PHUs.
AET=SGD3700

SStteepp  66::  AApppplliiccaattiioonn  ooff  AAEETT  ttoo  CCGGHH  ppaattiieennttss  iinn  22002200––22002222  ttoo  iiddeennttiiffyy  PPHHUUss  aanndd  nnoonn--PPHHUUss  ffoorr  aannaallyyssiiss  
Total patients in CGH from 2020 to 2022 = 267,838

PHUs=5316 
Non-PHUs=262,522




