
≥1 outpatient visits: 
Dialysis

≥2 inpatient visits PC: 29,869€
AC: 29,631€
PE: 0.80%

Age ≥70 Age ≥50

Age ≥50 1 inpatient visit

≥1 outpatient visits:
Obstetrics and gynaecology

≥1 outpatient visits:
Follow-up

PC: 263€
AC: 259€
PE: 1.69%

PC: 526€
AC: 521€
PE: 0.86%

1 inpatient visit

PC: 846€
AC: 865€

PE: -2.11%

PC: 476€
AC: 471€
PE: 0.92%

PC: 968€
AC: 1027€
PE: -5.80%

≥1 outpatient visits:
Follow-up

PC: 1,481€
AC: 1,544€
PE: -4.06%

PC: 1,031€
AC: 1,054€
PE: -2.24%

PC: 1,756€
AC: 1,701€
PE: 3.21%

≥1 outpatient visits:
Psychiatry

≥1 outpatient visits:
Oncology

PC: 2,252€
AC: 2,228€
PE: 1.11%

PC: 809€
AC: 825€

PE: -1.96%

PC: 2,174€
AC: 1,850€
PE: 17.48%

≥1 outpatient visits:
Pneumology

≥1 laboratory tests:
Liver markers

PC: 6,500€
AC: 5,231€
PE: 24.26%

PC: 3,384€
AC: 3,348€
PE: 1.07%

≥1 outpatient visits:
CT scan

≥1 laboratory tests:
Glycemic profile

≥1 outpatient visits:
Oncology

Age ≥70

PC: 2,055€
AC: 2,209€
PE: -6.98%

PC: 1,442€
AC: 1,488€
PE: -3.11%

PC: 2,566€
AC: 2,621€
PE: -2.10%

PC: 3,385€
AC: 3,417€
PE: -0.94%

PC: 2,301€
AC: 2,369€
PE: -2.86%

PC: 3,479€
AC: 3,434€
PE: 1.31%

≥1 outpatient visits:
Angiology and Vascular

Surgery

YesNo

Yes

No Yes

No Yes

No Yes

No Yes

No Yes

No Yes

No

No Yes

YesNo

No Yes

No Yes

No Yes

No Yes

No Yes

No Yes

No Yes

No Yes

No Yes

Abbreviations: PC = Predicted cost; AC = Actual cost; PE = Prediction error. If PE >0%, the tree prediction overestimated the actual cost; if PE <0%, the tree prediction underestimated the actual cost.
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The use of machine learning techniques for healthcare cost prediction: 
a preliminary analysis of administrative databases from a 

Health Protection Agency in Northern Italy

✦ Predicting future expenditures is crucial for healthcare planning, as 
longer life expectancies and increasing prevalence of chronic 
diseases drive up demand for healthcare services and related 
costs.

✦ Machine learning (ML) techniques can be applied to administrative 
healthcare databases (AHDB), which are a source of large 
amounts of inpatient and outpatient data (demographic, clinical, 
economic).1

✦ Objective: to predict direct healthcare costs for the Italian National 
Healthcare Service (NHS) through the identification of 
homogeneous population segments for healthcare expenditures.

BACKGROUND MATERIALS AND METHODS

RESULTS

CONCLUSIONS REFERENCES

✦ Population and data source: AHDBs’ records of individuals aged ≥18 covered by the Health Protection Agency of Bergamo 
(Northern Italy), years 2010-2016.

✦ Variables of interest: access to inpatient and outpatient services and total annual costs based on healthcare service tariffs.

✦ A regression tree was trained to predict yearly costs for subjects in 2015 based on their access history to the NHS from
2010 to 2014. Validation over the period 2011 to 2016.2

✦ Optimal hyperparameters selected using a 10-fold cross-validation approach.

✦ For each segment identified by the tree, a prediction error was calculated as the ratio of the difference between predicted 
and actual total costs and the predicted total cost.

✦ In 2010, 70.7% of the 902,023 included subjects used at least one inpatient (n=99,860) and/or outpatient service (n=631,451), for a total cost of €692,298,400. 

✦ High-cost subjects (>€15,000 yearly), accounting for 0.8% of the population, absorbed 28.7% of total costs.

✦ The figure shows the application of the decision tree rule to the test set for predicting healthcare costs in 2016 based on 2011-2015 data. Some groups were highlighted and described, in order to 
clarify results interpretation.

✦ These preliminary results identify several predictors of direct costs for the NHS.
 
✦ To achieve more accurate predictions, further ensemble methods, such as random forests, 

are currently being applied, and will soon give preliminary results.

✦ The time period will also be extended to include data up to 2022, and pharmaceutical 
information will be integrated.

Acknowledgements: Funding provided by the Italian Ministry of University and Research, Next 
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A yearly cost of €263 is predicted for 39% 
of the subjects. Subjects in this segment 

are typically healthy, with at most one 
hospitalization in the previous five years, 

and under 50 years old.

This segment includes subjects who 
undergo dialysis (0.13%), for whom a cost 

of almost 30,000€ is predicted for the 
following year. The prediction error was 

lowest in this segment (PE=0.80%).

The prediction error (PE=24.26%) was 
highest in the smallest segment (0.07%), 

which included subjects over 50 who had at 
least two hospitalizations, a pneumological 

visit and a blood test to assess liver markers.

The second largest segment (19.9%) 
includes subjects aged 50 to 70 who had no 

hospitalizations or follow-up visits in the 
previous five years. The prediction error is 

notably low and equal to 0.92%.
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