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INTRODUCTION

Longer life expectancies and increasing prevalence of 
chronic diseases drive up demand for healthcare services 
and related costs. In Italy, 32% of people aged 65 and over, 
and 48% of those over 85, have major chronic conditions and 
multimorbidity [1]. In 2019, individuals aged 65 and over ac-
counted for 46% of hospital admissions and 60% of phar-
maceutical expenditures, highlighting the significant burden 
of aging on the healthcare system [2]. In terms of costs, pop-
ulation’s segments with high prevalence of chronic conditions 
account for a large portion of healthcare spending [3,4,5]. 
Accurate predictions of future costs for the whole population 
and for key segments is crucial for healthcare planning.

AIMS

To predict yearly direct healthcare costs based on data of 
past National Health Service (NHS) resources utilization for 
the whole population and for high impacting segments. As a 
motivating example, we applied our approach to the dialysis 
patients’ segment.

METHODS

Using administrative healthcare databases, we traced 
NHS resource utilization (i.e., access to inpatient and out-
patient services, drug dispensations) and associated costs 

for each individual aged ≥18 assisted by the Health Protection 
Agency of Bergamo (Northern Italy) between 2011 and 2023. 
We analyzed total cost (TC) as the sum of all services and dis-
pensations costs, total scheduled cost (TSC) as the sum of sched-
uled inpatient visits, all outpatient visits and dispensations costs, 
and scheduled services cost (SSC) as the sum of scheduled in-
patient visits and all outpatient visits costs. In the present abstract 
we focused on TC prediction.

We used a supervised machine learning approach, namely 
random forest (RF) algorithm with 500 trees, to address the pre-
diction problem [6,7]. We trained the algorithm on the 70% of 
individuals’ data from 2011 to 2015 (n=815,553) with their TC in 
2016 as outcome. The 373 input variables included demographic 
features (such as age and sex) and NHS utilization data over the 
4-years period 2011-2014 and in 2015 alone, in order to assess 
if 2016 cost was more associated with subjects’ behavior over 
the preceding year or with their historic behavior. As test sets, we 
used the remaining 30% of the dataset (hereafter 2011-16 set) 
and the subsequent years’ datasets (2012-17, 2013-18, 2014-19, 
2015-20, 2016-21, 2017-22, and 2018-23 sets). We considered 
variable importance, measured as the percent increase in mean 
squared error (MSE) when a given variable is permuted, as a 
measure of each predictor’s impact on the outcome.

For each test set, actual and predicted TCs for the whole 
population were calculated as the sum of all individuals’ actual 
and predicted TCs, respectively. The ratio of the difference be-
tween predicted and actual population TCs to actual population 
TCs was used as measure of the prediction error (PE). PE=0% 
indicates a perfect prediction, PE >0% or <0% suggests overes-
timation or underestimation of the actual TC.
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Finally, we defined dialysis patients as those who had at 
least one access to outpatient dialysis services. For this seg-
ment, we calculated the mean and sum of predicted and ac-
tual TCs, and PE. Also, we derived a variability interval for 
the mean predicted TC based on the 2.5 and 97.5 quantiles 
of the distribution of the mean TCs predicted by each tree for 
subjects included in the segment. 

RESULTS

The mean actual annual population TC in the period from 
2011 to 2023 was €1,023,636,867 (range: 944,632,707 
– 1,111,657,382). High-cost subjects (>€15,000 yearly), ac-
counting for less than 1% of the annual population, absorbed 
more than 27% of annual TC.

Top 3 most important variables in the RF were the num-
ber of outpatient accesses to dialysis over the preceding year, 
and the frequency of laboratory tests and outpatient services 
over the 4 preceding years. 

Figure 1 shows the PEs calculated across all test sets, over-
all and in the dialysis patients’ segment. Overall, PEs ranged 
from -3.1 to -1.9 across 2011-16 to 2014-19 sets (for 2014-
19 set, actual annual population TC: €1,031,200,509; pre-
dicted annual population TC: €1,011,869,922), and widely 
increased from 2015-20 (range from -6.9 to 8.7; for 2015-20 
set, actual annual population TC: €944,632,707; predicted 
annual population TC: €1,026,878,752) 

For the dialysis patients’ segment, the lowest PE (-0.7%) 
was observed in the 2011-16 set (actual mean TC: €38,536; 
predicted mean TC [variability interval]: €38,259 [35,542 
– 41,112]), while the highest was -5.4% in the 2016-21 set 
(actual mean TC: €38,883; predicted mean TC [variability 
interval]: €36,785 [33,967 – 39,342]).

 
Figure 1. Prediction errors of total cost, overall (blue dots) and for the dialysis patients’ segment (light blue dots) across all test sets. Ab-

breviations: ACT=actual total cost, PTC=predicted total cost.

CONCLUSIONS

Using a machine learning approach, we predicted health-
care TCs based on individual data of past utilization of NHS 
for the whole population and a high impacting segment. Predic-
tions based on the algorithm trained on data from 2011 to 2015 
were consistent until 2019, understandable given the COVID-19 
pandemic in 2020. Results highlight the pandemic’s impact on 
the model performance, leading to overestimation of the actual 
TC in 2020 and underestimations thereafter. Future steps include 
the identification of key segments and the update of the training 
algorithm on the subsequent years’ datasets. This is a useful tool 
to assist HPA in resource allocation, e.g. as an integration to the 
monitoring of chronic diseases in the population. 
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