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Table 2. SI and healthcare utilisation and cost outcomes among adults undergoing surgery.

SI status Length of stay
(IRR,a 95% CI)

30-day hospital 
readmission, any

(OR,a 95% CI)

1-year hospital 
readmission, any

(OR,a 95% CI)

30-day ED visits, 
any

(OR,a 95% CI)

1-year ED visits, 
any

(OR,a 95% CI)

Gross inpatient 
bill size

(relative ratio,a 
95% CI)

SI vs non-SI 1.81
(1.79–1.83)

1.58
(1.52–1.64)

2.60
(2.53–2.67)

1.57
(1.51–1.64)

2.08
(2.03–2.138)

1.64
(1.61–1.67)

CI: confidence interval; ED: emergency department; IRR: incidence rate ratio; OR: odds ratio; SI serious illness  
a Models are adjusted for age, sex, ethnicity, TOSP, surgery nature, admission type, and financial year.

days (SD 9.9) among adults without SI. SI was 
independently associated with longer LOS following 
inpatient surgery (adjusted incidence rate ratio [IRR] 
1.81, 95% CI 1.80–1.83).

The 30-day hospital readmission rate was 9.5%  
among adults with SI and 7.2% among adults without  
SI, while the corresponding 1-year readmission rates  
were 42.3% and 19.0%, respectively. SI was indepen-
dently associated with higher odds of hospital read-
mission at both 30 days (adjusted OR 1.58, 95%  
CI 1.52–1.64) and 1 year (adjusted OR 2.60, 95%  
CI 2.53–2.67) following inpatient surgery. 

Similarly, 30-day ED visit rates were 14.6% and  
8.8%, while 1-year ED visit rates were 47.0% and  
23.0% among adults with and without SI, respectively.  
SI was also independently associated with higher  
odds of ED visits at 30 days (adjusted OR 1.57, 95% 
CI 1.51–1.64) and 1 year (adjusted OR 2.08, 95%  
CI 2.03–2.14). 

Fig. 2 presents the associations between SI and 
healthcare utilisation outcomes, stratified by surgery 
nature. The association between SI and LOS differed 
by surgery nature, with a stronger association among 
adults undergoing minor surgery (adjusted IRR 2.00, 
95% CI 1.97–2.03) than among those undergoing  
major surgery (adjusted IRR 1.70, 95% CI 1.68–1.72;  
P for interaction <0.001). In contrast, there was no 
evidence of effect modification by surgery nature  
for 1-year hospital readmission (adjusted OR 2.63 for  
major surgery vs 2.55 for minor surgery; P for 
interaction=0.193) or 1-year ED visits (adjusted OR 
2.12 for major surgery vs 2.04 for minor surgery; P for 
interaction=0.109).

Gross inpatient bill size 
The adjusted mean gross inpatient bill size was 
SGD25,648.08 (standard error [SE] 154.22; 95%  
CI 25,345.81–25,950.35) among adults with SI  
and SGD15,615.66 (SE 48.50; 95% CI 15,520.60–
15,710.72) among those without SI. SI was inde-
pendently associated with a 1.64-fold higher gross 
inpatient bill size following inpatient surgery (adjusted 
relative ratio 1.64, 95% CI 1.62–1.67). 

When stratified by surgery nature, the adjusted  
marginal mean gross inpatient bill size following major 
surgery was SGD34,586.24 (SE 206.97) among adults  
with SI and SGD21,217.42 (SE 65.11) among adults 
without SI. Following minor surgery, the adjusted  
marginal mean gross inpatient bill sizes were 
SGD15,338.97 (SE 175.22) and SGD9630.46 (SE 50.82) 
among adults with and without SI, respectively. There  
was no evidence of effect modification by surgery 
nature, with similar associations between SI and gross 
inpatient bill size following major surgery (adjusted 
relative ratio 1.65, 95% CI 1.62–1.67) and minor surgery 
(adjusted relative ratio 1.64, 95% CI 1.59–1.69; P for 
interaction=0.682). 

Sensitivity analysis using the first eligible surgical 
admission as the index admission yielded findings 
consistent with the primary analysis for all healthcare 
utilisation outcomes and gross inpatient bill sizes 
(Supplementary Table S4).  

DISCUSSION
In this population-based study of adults undergoing 
inpatient surgery in Singapore, nearly 1 in 5 patients 
(17.9%) met the adapted ICD-10-based definition of  
SI, with advanced cancer being the qualifying  
condition in almost two-thirds of adults with SI. The 
proportion of surgical patients with SI remained 
relatively stable over the 4-year study period. Com-
pared with adults without SI, those with SI experienced 
substantially greater postoperative healthcare utili-
sation, including longer hospital stays and higher  
rates of hospital readmissions and ED visits, with 
differences persisting up to 1 year after surgery. SI  
was also associated with substantially higher gross 
inpatient bill sizes. Collectively, these findings 
demonstrate the considerable and sustained healthcare 
burden associated with SI among adults undergoing 
inpatient surgery. 

This study represents one of the first efforts to 
operationalise and evaluate an SI definition among  
adults undergoing surgery outside the US healthcare 
system. Although consensus-based SI definitions  
have been developed and evaluated in the US, their 




