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Abstract

Background Mental health (MH) care often exhibits uneven quality and poor coordination of physical and MH
needs, especially for patients with severe mental disorders. This study tests a Population Health Management (PHM)
approach to identify patients with severe mental disorders using administrative health databases in Italy and evaluate,
manage and monitor care pathways and costs. A second objective explores the feasibility of changing the payment
system from fee-for-service to a value-based system (e.g., increased care integration, bundled payments) to introduce
performance measures and guide improvement in outcomes.

Methods Since diagnosis alone may poorly predict condition severity and needs, we conducted a retrospective
observational study on a 9,019-patient cohort assessed in 2018 (30.5% of 29,570 patients with SMDs from three

[talian regions) using the Mental Health Clustering Tool (MHCT), developed in the United Kingdom, to stratify patients
according to severity and needs, providing a basis for payment for episode of care. Patients were linked (blinded)
with retrospective (2014-2017) physical and MH databases to map resource use, care pathways, and assess costs
globally and by cluster. Two regions (3,525 patients) provided data for generalized linear model regression to explore
determinants of cost variation among clusters and regions.

Results Substantial heterogeneity was observed in care organization, resource use and costs across and within 3
ltalian regions and 20 clusters. Annual mean costs per patient across regions was €3,925, ranging from €3,101 to
€6,501 in the three regions. Some 70% of total costs were for MH services and medications, 37% incurred in dedicated
mental health facilities, 33% for MH services and medications noted in physical healthcare databases, and 30% for
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other conditions. Regression analysis showed comorbidities, resident psychiatric services, and consumption noted in
physical health databases have considerable impact on total costs.

Conclusions The current MH care system in Italy lacks evidence of coordination of physical and mental health

and matching services to patient needs, with high variation between regions. Using available assessment tools and
administrative data, implementation of an episodic approach to funding MH could account for differences in disease
phase and physical health for patients with SMDs and introduce performance measurement to improve outcomes

and provide oversight.
Highlights

MH diagnosis groups.

- Mental health (MH) care often exhibits uneven quality and poor coordination of physical and mental health
needs, especially for patients with severe mental disorders. Diagnosis alone may poorly predict condition
severity and resources necessary to treat this patient group, but instruments such as the Mental Health
Clustering Tool (MHCT) have been developed to better assess disease severity and diverse health needs within

« A Population Health Management approach using administrative health databases, the Mental Health
Clustering Tool, and diverse comorbidity measures was tested in three regions in ltaly for patients with severe
mental disorders to map delivery, consumption, and cost patterns, and explore determinants of variation in
cost, aimed to better assess organization and quality of care.

- Considerable variation in consumption patterns and costs, after stratifying patients based on needs and
disease severity (MHCT) versus mere diagnosis, highlighted areas to address in designing a performance-
versus volume-based payment model to better serve and follow MH patients. Methodology tested here using
big - and “small” (from clinicians/patients) - data can be implemented by other healthcare systems to compare
care pathways and outcomes across geographical areas and tie performance to payments for MH services.

Keywords Population health, Mental health, Healthcare delivery, Big data, Health information interoperability,
Medical record linkage, Value-based healthcare, Mental health clustering tool

Background

Mental health (MH) care is often characterized by
uneven quality, high service use, problems with equitable
access, and difficulties in coordinating care and address-
ing physical as well as mental health issues, especially for
patients with severe mental disorders [1-4]. Population
health management (PHM) is a patient-centred, data-
driven approach to optimising the health of populations
over individual life spans that begins with the identifica-
tion of the population, assessment of their needs and risk
stratification, and moves on to defining organizational
and tailored interventions in a person-centered model
[5, 6]. PHM interprets care as the ability to manage the
continuum of health services through different phases of
disease (i.e., prevention, diagnosis, treatment, follow-up,
end-of-life care) to address the health needs of defined
group of people at all points, stressing disease preven-
tion, integration of social and health care, innovation in
care delivery, and continual monitoring of the status of
at-risk patients [5, 6]. By focusing on the health needs of
a specified population, PHM can integrate and pursue
both the Triple Aim (i.e., simultaneously improve popu-
lation health and outcomes, and reduce costs) [7] and
value-based care, that is, maximizing outcomes while
minimizing costs (e.g., through integrating care, measur-
ing outcomes and costs, moving to bundled payments)
[8]. PHM often builds on efforts to integrate care to

guide implementation and has been employed for various
chronic conditions such as diabetes and congestive heart
failure, notably in the United Kingdom (UK) [9, 10] and
the United States [11-13]; however, its application in MH
has been modest [4, 5, 7].

The aim of this study was to test the applicability of a
PHM framework for MH using administrative health
information systems to identify problems, evaluate
care pathways and factors influencing costs in order to
improve care, access and outcomes in a universal health-
care system (Italy) characterized by planning and fund-
ing allocation at the national level and decentralized care
organization and delivery at the regional and local lev-
els. We also tested use of the Mental Health Clustering
Tool (MHCT), a needs assessment tool developed in the
United Kingdom (UK) to better stratify patients accord-
ing to severity and changing MH needs over time [14,
15]. Employing a holistic and multidisciplinary approach,
independent of the diagnosis, the MHCT assigns patients
that present similar characteristics to homogeneous
severity groups, where patient needs of varying intensity
and impact can be combined and analysed as episodes
of care [14, 15]. Combined with physical health needs as
evidenced in administrative health databases (AHDs), the
study further aimed to provide a first step in exploring
the feasibility of a bundled payment system to replace the
current fee for service (FFS) reimbursement system in
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Italy to promote better outcomes and integration of care
along the continuum for MH patients, especially those
affected by severe mental disorders (SMDs).

Italy makes an interesting case study for its extensive
system of health data collection (for physical and mental
health) and its PHM approach to chronic disease man-
agement under the 2016 National Chronicity Plan [16]. A
pioneer in the shift from institutionalism to community-
based care through a major 1978 health reform, Italy has
been a harbinger of radical change in MH care systems
in Europe and the United States [17-19]. The resulting
Italian organization of MH services into Mental Health
Departments (MHDs) led to the development of intra-
organizational (MH services) and extra-organizational
(social and healthcare) collaboration, but also resulted
in increased variation among MHDs and subsequently
weakened integration of services and limited managerial
models for performance evaluation/reporting [19, 20].

Methods

Data sources

Four MHDs from three Italian regions (Emilia-Romagna,
Lazio and Sicily) participated in this pilot project, which
was sponsored by the Italian Ministry of Health and the
National Center for Disease Control and Monitoring
(Centro Controllo Malattie) to explore geographic varia-
tions in care and the feasibility of introducing bundled
payments to replace fees-for-service using available
health data to guide the process. Data from the National
Mental Health Information System (SISM, Sistema
informativo salute mentale) tracks service use, socio-
demographic and diagnostic characteristics of patients
in Italy served by public, locally-based MHDs and private
accredited providers funded through the National Health
Service (NHS). According to the most recent Minis-
try of Health report on 2019 data, the nationwide SISM
tracks more than 826,000 users (roughly 314,000 inci-
dent users), with a standardized prevalence rate of 164.5
per 10,000 adult inhabitants [21]. Data includes patient
demographics (e.g., age, gender, years in the system),
diagnoses (using the Ninth and Tenth Revisions, Clinical
Modification, of the International Classification of Dis-
eases, ICD9-CM and ICD10-CM), and MH services pro-
vided at the community, hospital, semi-residential and
residential levels, and can be linked at the patient level to
regional AHDs to track physical health service consump-
tion using blinded, unique identifiers.

In SISM, MH residential facility use is recorded as
length of stay in days, semi-residential as half-days, and
community services are recorded by date, type of pro-
vider and service. AHDs included hospital discharge
records with diagnoses (coded using ICD9-CM); pub-
licly-financed medications (using Anatomical Therapeu-
tic Chemical (ATC) codes); emergency department care,
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ambulatory care, and patient fee-exemption status. Addi-
tional databases, e.g., hospice, nursing homes, rehabilita-
tion facilities, were not included in the analysis for lack of
availability. Primary care is not tracked in AHDs in Italy,
and was thus not included.

Case identification and stratification

A random sample of patients with SMDs using MH
services were selected (in order of presentation) from
four MHDs in the three regions and assessed between
January-March 2018 by healthcare professionals, upon
completion of training, using version 5.0 of the MHCT
Booklet to assign patients to one of 21 Clusters (Table 1)
[15]. Application of the MHCT was carried out in four
phases: preparation of the Italian version of the MHCT
and related instructions for use; training of mental health
professionals at participating facilities in the adminis-
tration of the MHCT in accordance with methodology
outlined in the MHCT Booklet; data collection and clus-
ter allocation; and data analysis. Between October and
December 2017, a total of 447 professionals were trained
to use the MHCT in two-day sessions by two experts (AB
and BD). The training involved 218 doctors, 152 nurses,
39 psychologists, 28 occupational therapists/educators, 7
social workers, and 3 other professionals. After the allo-
cation to the super classes, each case was assigned to
the best fitting cluster, using version 2.5 of the Technical
Guidance for the MHCT assessment algorithm (https://
assets.publishing.service.gov.uk/government/uploads/
system/uploads/attachment_data/file/214910/Mental-
Health-clustering-support-tool-algorithm.pdf).

The degree of probability of allocation of cases to the
best fit cluster varied greatly across clusters. A probabil-
ity of more than 50% was considered a correct allocation,
while a probability of allocation lower than 50% identified
the so-called “weak” clusters. The following diagnostic
groups were considered SMDs: schizophrenia spectrum
disorders (ICD9 codes 295, 297, 298; ICD10 codes F20-
F29); major depression (ICD9 codes 296, 296.2, 296.3,
296.9; ICD10 codes F32-F39); bipolar disorders (ICD9
codes 296.0-1; 296.4-8; ICD10 codes F30-F31) and
personality disorders (ICD9 -codes 301; ICD10 codes
F60-F69).

Health assessment, consumption and costs

Using a blinded, unique identification number for each
patient in the identified cohorts, a record-linkage proce-
dure merged information provided by the MHCT with
retrospective data retrieved from regional SISM and
other AHDs for the years 2014—2017. Emilia-Romagna
provided complete data for 2014—2017, but Lazio data
was incomplete for 2017, and for both Sicily and Lazio,
AHD but not SISM data was available for 2014. There-
fore, comparative descriptive analysis across regions for
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Table 1 Definitions of the clusters for the Mental Health Clustering Tool

Relationship of care clusters to Cluster Definition Complex- Recommend-
each other ity/ Need ed cluster re-
Ranking* view period
Non-psychotic ~ Mild/ 1 Common mental health problems of low severity 19 12 weeks
Moderate/ 2 Common mental health problems of low severity but greater need 18 15 weeks
Severe 3 Non-psychotic disorders of moderate severity 17 6 months
4 Severe non-psychotic disorders 15 6 months
Very 5 Very severe non-psychotic disorders 12 6 months
severe 6 Non-psychotic disorders of over-valued ideas 14 6 months
and 7 Enduring non-psychotic disorders (high disability) 1 Annually
complex 8 Non-psychotic chaotic and challenging disorders 9 Annually
Psychotic 1st episode 10 First episode of psychosis 6 Annually
Ongoing or 11 Ongoing recurrent psychosis of low symptomatology 13 Annually
recurrent 12 Ongoing recurrent psychosis with high disability 8 Annually
13 Ongoing recurrent psychosis of high symptomatology and high disability 3 Annually
Psychotic 14 Psychotic crisis 2 4 weeks
crisis 15 Severe psychotic depression 4 4 weeks
Very severe 16 Psychosis and affective disorder (high substance misuse and engagement) 5 6 months
engagement 17 Psychosis and affective disorder difficult to engage 1 6 months
Organic Cognitive 18 Cognitive impairment (low need) 20 Annually
impairment 19 Cognitive impairment or dementia complicated (moderate need) 16 6 months
20 Cognitive impairment or dementia complicated (high need) 10 6 months
21 Cognitive impairment or dementia (high physical or engagement needs) 7 6 months

*Ranking from 1 (Highest complexity/need) to 20 (Lowest complexity/need). Cluster 9 is blank in the methodology. Adapted from the Mental Health Clustering

Booklet, V5.0 (2016/2017) [9]

consumption patterns was carried out only on 2015 and
2016 data, which was complete for all databases for the
four MHDs, with 2016 used as an example of the lat-
est year available. Consumption patterns and costs were
calculated per cluster, while patient characteristics and
comorbidities were tested for use in risk adjustment. Two
methodologies were used to calculate comorbidities for
the patient cohorts: the Charlson Comorbidity Index
(CCI) and the multisource comorbidity score (MSC)
[22, 23]. For CCI, diagnostic codes other than those in
the SISM were only available for those patients who had
either a hospitalization or an emergency room visit. Any
diagnostic codes available in any years were used to cal-
culate comorbidities.

MH and physical health service consumption was
divided by type into specialized (e.g., psychiatric) con-
sumption, including those services and procedures
directly connected with MH (i.e., hospitalization for a
psychiatric primary diagnosis in a psychiatric ward or
ambulatory care coded as MH services), and non-special-
ized - or physical health - consumption, which included
all admissions, medications, services and procedures
connected with other disciplines. The care continuum
was mapped through time, including both MH and phys-
ical health services. Costs (using reimbursement fees as a
proxy) were calculated for delivering care per patient per
year for each region.

Two regions (Lazio and Sicily) allowed data pooling
for multivariate regression analysis using a generalized
linear model (GLM), employed to estimate conditional
mean costs and explore determinants of cost variation
among and within clusters and regions. Emilia-Romagna,
instead, denied access to the data for regression analy-
ses for cost and computing time requirements (regional
personnel were no longer available and centralized serv-
ers were over-burdened); and pooling with the other
two regions’ data was not allowed. Complete retrospec-
tive data for both Lazio and Sicily was available only for
the years 2015 and 2016 (see above). GLM assuming a
gamma error distribution with log link was employed to
account for the skewed distribution of healthcare costs
with positive values, and few or no zero values. Panel
regression was tested and results did not perceivably
change. Analysis was performed using SAS (Version 9.0)
for data management and descriptive statistics and Stata
(version 17) for regression analysis.

Results

Roughly 74,000 patients were identified from each of the
three regional SISM databases, totalling 222,587. Patients
over 18 years with SMDs numbered 29,570 (13.3%);
a cohort of 9,019 patients (30.5%) underwent MHCT
assessment and were included in the study database.
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Patient identification and stratification

Patient characteristics are illustrated in Table 2, while
Fig. 1 illustrates distribution of patients by percentage
among the MHCT clusters. Roughly 20% of database
patients live in Sicily (MHD Palermo), 19% in Lazio
(MHD Rome 2), and the largest group (61%) in Emilia-
Romagna (MHDs Bologna and Modena). Characteristics
of the three cohorts are similar in terms of number of
years in the SISM (between 11.3 and 12.9 years) and the
probability of correct assignment to one of the 21 clus-
ters (0.73 to 0.76). Distribution of the population among
age groups and mean age were fairly similar, with Emilia-
Romagna patients slightly older, whereas the proportion
of males differed considerably for Sicily (60.8% compared
to 46.7% for Emilia-Romagna and 49.2% for Lazio). The
two comorbidity measurement methodologies [22, 23]
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reveal a higher prevalence and severity of comorbidi-
ties for patients in Emilia-Romagna. All categories for
both methodologies were measured, with a selection of
the most frequently observed comorbidities presented in
Table 2. Searching drug (ATC) codes as well as diagnos-
tic codes (MCS methodology) captures greater numbers
of patients with those conditions where CCI and MCS
overlap (Table 2), e.g., the measured prevalence of diabe-
tes was 5.8% in Emilia-Romagna using CCI, but rose to
12.8% using MCS.

Patient distribution is highly heterogeneous both
among clusters within the same region and within the
same cluster across regions (Fig. 1). Overall, Cluster 3
(Non-psychotic - moderate severity, 18.7%), and Ongo-
ing recurrent psychosis of low symptomatology (Clus-
ter 11, 16.9%) or high disability (Cluster 12, 10.6%) were

Table 2 Patient characteristics for the cohort identified and assessed (Mental Health Clustering Tool), 2018

Emilia-Romagna Lazio Sicily
N. patients 5494 1703 1822
Age groups N. % N. % N. %
age 18-24 208 3.8% 85 5.0% 56 3.1%
age 25-34 485 8.8% 193 11.3% 245 13.5%
age 35-44 934 17.0% 293 17.2% 449 24.6%
age 45-64 2860 52.1% 899 52.8% 921 50.5%
age 65-74 709 12.9% 184 10.8% 130 7.1%
age 75-84 268 4.9% 45 2.6% 19 1.0%
age over85 29 0.5% 4 0.2% 2 0.1%

mean (sd) min; max mean (sd) min; max mean (sd) min; max
Age 51.5(14.1) 18;97 49.2(13.8) 18;87 47,4 (12,4) 18; 86
Male 46,7% 50.6% 60,8%
Time in the SISM* 11.3(9.1) 0;72 123(8.7) 0;70 1299.1) 0; 54
Probability correct MHCT* cluster allocation 0.76 (0.20) 0.76 (median) 0.74 (0.20) 0.78 (median)  0.73(0.20) 0.72

(median)

Comorbidity measures mean (sd) min; max mean (sd) min; max mean (sd) min; max
Weighted charlsum* 0.36 (0.92) 0;7 0.28 (0.82) 0,6 0.29 (0.79) 0;8
Charlson index (range 0-2) 0.29 (0.62) 0;2 0.23 (0.54) 0;2 0.24 (0.53) 0;2
MCS* (overall score) 12.5(84) 0;68 74(7.8) 0;53 9.8(7.0) 0;51
MCS (class, from 1-5) 295(1.3) 1,5 2102 1,5 26(1.2) 1;5
MCS class 1, (%) 16% 41% 23%
MCS class 2, (%) 24% 25% 25%
MCS class 3, (%) 27% 21% 32%
MCS class 4, (%) 18% 7% 12%
MCS class 5, (%) 15% 6% 8%
Comorbidities most frequently observed among patients (%, by methodology)

Charlson MCS Charlson MCS Charlson MCS
Diabetes 5.8% 12.8% 33% 8.5% 7.5% 14.2%
COPD* 4.6% 4.7% 3.4%
Cerebrovascular disease 4.1% 3.1% 3.6%
Congestive heart failure 2.2% 12.9% 1.0% 7.9% 1.1% 12.5%
Hypertension 36.3% 20.3% 30.8%
Pulmonary disease 31.1% 16.4% 30.6%
Ulcers 11.4% 11.3% 23.3%

*SISM - Sistema informativo salute mentale (National Mental Health Information System); MHCT - Mental Health Clustering Tool; Charlsum is the weighted score
from all 17 categories of comorbidities included in the Charlson Comorbidity Index methodology [16], which assigns a score of 1, 2 or 6 to each category; MCS -

Multisource comorbidity score [17]; COPD - chronic obstructive pulmonary disease
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Fig. 1 Patient distribution by Mental Health Clustering Tool cluster (numbered) and region (% of total patients), and combined average over all regions

most frequently observed. Nearly half of patients in each
superclass belonged to a single cluster: Cluster 3 (43%)
for non-psychotic, Cluster 11 (43.4%) for psychotic and
Cluster 18 (cognitive impairment, low need, 48.4%) for
organic. All three of these clusters represent low to mod-
erate needs.

Health assessment and resource consumption patterns
The analysis of consumption patterns for each region and
cluster allows for identification of the active caseload for
any financial year, defined as the number of services used
by patients who received treatment or assessment. The
active caseload and the annual mean costs per patient
(using reimbursement fees as a proxy) of delivering
care per region and cluster for the sample year 2016 are
shown in Table 3a and Table 3b and Fig. 2, where varia-
tions among clusters and regions (notably between Clus-
ters 8, 16, 17, 20) are observed. Annual mean per patient
costs for the 8,469 patients observed in the databases in
2016 were €3,925 (€1,445, or 37%, for services noted in
the SISM database and €2,480, 63%, in the physical health
databases). Emilia-Romagna had the lowest mean costs
of the three regions (€3,101), Lazio was highest at €6,501,
and Sicily registered mean costs of €4,434.

Using 2016 as an example, Table 3a shows the num-
ber, percentage of patients and mean costs per patient by
consumption for all cases in each region while Table 3b

shows the consumption by mean volume, split between
services for mental health and services for physical
health. Table 3¢ shows the split for three sample clusters
with the highest numbers of patients in each superclass
(Clusters 3, 11, and 18). Consumption of specialized ver-
sus non-specialized services seems to show more varia-
tion across regions. While difficult to quantify the split in
the number or volume of total services, the costs (reim-
bursement tariffs) for specialized services (for psychiat-
ric/psychological care in AHDs and all SISM services)
accounted for 57% of total costs for Emilia-Romagna,
86% for Lazio and 81% for Sicily. Variation among regions
and clusters is notable, particularly in the use of residen-
tial and semi-residential facilities, e.g., in Lazio some 12%
of the 1362 patients identifiable in the various databases
for that year spent at least some time in residential MH
facilities, compared to only 6% for Emilia-Romagna and
3% for Sicily. The proportion of hospitalizations (AHD)
in psychiatric wards, however, was higher for Sicily.
Variation is also notable among clusters, where even
those characterized by moderate need or symptomatol-
ogy (Clusters 3 and 11) showed higher use of residential
facilities and higher shares of costs for specialized ser-
vices in Lazio and Sicily compared to Emilia-Romagna.
As expected, ambulatory care use of specialized ser-
vices was minimal, in keeping with high percentages of
patients using SISM ambulatory services, though use in
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Table 3 a. Mental health and non-mental health service consumption, 2016, per region, all clusters. Number, percentage of patients
and mean costs (reimbursement) per patient by consumption in the various databases for mental health (SISM databases) and

physical health (AHD) databases

Numbers of patients by database % of patients by
database

Region* E-R L S E-R L S
N. Patients 5,350 1,362 1,757 63% 16% 21%
SISM* Residential facility patients (pts), N.% 311 161 48 6% 12% 3%
SISM Semi-residential facility patients, N., % 157 103 97 3% 8% 6%
SISM ambulatorial services pts, N., % 4,653 1,326 1,543 87% 97% 88%
AHD* Hospital patients, N., % 1,171 256 408 22% 19% 23%
AHD Emergency department (ED) pts, N., % 1,979 448 439 37% 33% 25%
AHD ambulatory services pts. N., % 4,553 1,062 1,215 85% 78% 69%
AHD Medication purchases patients, N., % 5157 1099 1526 96% 81% 87%
Annual mean per patient costs (reimbursement), € 3,101 6,501 4434
SISM database mean per patient costs, % of total mean costs 510 3,971 2,332 16% 61% 53%
AHD costs, mean, % of total mean costs 2,591 2,530 2,102 84% 39% 47%

*Regions, E-R Emilia-Romagna, L-Lazio, S-Sicily; SISM - Sistema informativo salute mentale (National Mental Health Information System), AHD-Administrative Health

Databases

Sicily was considerably lower, 69% compared to 85% and
78% for the other two regions. Among those not shown,
clusters 13-17 (characterized by severe, crisis or high
disability needs) averaged across the three regions 83%
for the portion of costs for specialized services, consider-
ing all databases.

Factors that affect costs can be discerned from regres-
sion results (Table 4), using the pooled 2015-2016 data
from Lazio and Sicily. In Model 1, controlling for sex,
year, region, age, time in SISM database, probability
of correct MHCT assignment, and MCS comorbidity
classes, residency in Lazio (versus Sicily) raised costs by
more than 40%, and age classes, compared to the 45 to
64 years age class, showed significance for all groups:
younger patients cost between 25 and 48% more than
45-64 year-olds, whereas groups over 65 cost 21-32%
less. Considering comorbidity, compared to patients
with few or no comorbidities (MCS class 1), rising by one
class raises costs by 73%, while two classes above (MCS
3) more than doubles costs, MCS 4 increases costs nearly
three-fold and MCS 5 raises costs nearly 4-fold compared
to MCS 1. Time in SISM was significant but had virtually
no effect on costs for each additional year. Across mod-
els, the specific diagnosis (by ICD9/10 code) had no sig-
nificant effect.

Adding controls for service consumption in the vari-
ous databases (dummy variables equal to 1 if present in
the database, 0 otherwise) erased significance for age
effects; comorbidity classes retained significance though
the effects were considerably lessened. The presence of at
least one service consumed in the physical health admin-
istrative databases (with the exception of emergency
care), significantly raised costs, with the largest effect
observed for hospital admissions. MH care use showed
residential and semi-residential care consumption to

raise costs by more than 4 and 8 times, respectively.
Supplementary Figure S1 reports crude mean costs com-
pared to adjusted (using non-linear prediction) mean
costs (95% confidence intervals) from regression analysis
for three of the models (1, 2 and 5), showing consider-
able effects when adjusting for administrative database
flows. Supplementary Table S1 reports regression results
on SISM costs, AHD costs and selected clusters. Panel
regression was performed to test the model (not shown),
and results were virtually unaltered.

Discussion

This study has explored the use of big data within a PHM
approach, using mental health and administrative health-
care databases from four mental health departments in
three regions in Italy, to assess its potential for planning
and evaluating MH care services, costs, pathways and
interventions, with an underlying goal to explore a move
toward a value-based, prospective payment system.

As largely discussed in the literature,[24, 25] AHDs
from national or regional health systems constitute a
fundamental source of readily available and relatively
inexpensive, large quantities of data, reliable for their
population coverage and collection over time, especially
in countries with a NHS (e.g., Italy, the United Kingdom,
Canada, Finland) or with extensive systems of electronic
health records and claims data (such as the United States
and Germany). Such databases typically contain informa-
tion regarding healthcare organizations (e.g., hospitals,
ambulatory care, emergency care, long-term care) and
patients (including demographics and clinical diagnosis
and procedure codes) as these pertain to specific clini-
cal encounters that might be useful in monitoring quality
of care, targeting disparities in access, and understand-
ing consumption and cost patterns throughout the care
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Table 3 b. Consumption by mean volume, split between
services for mental health and services for physical health with
the overall percentage of costs for each category, 2016, per
region, all clusters

Region* E-R L S
5,350 1,362 1,757

N. Patients, total and per cluster
Specialized consumption (mental
health - psychiatric), mean vol-
ume per patient

SISM N. days, residential facility 24 17.2 6.5
SISM N. days, semi-residential 09 1 09
facility

SISM N. days with ambulatory 17.3 58 4.6
services use

AHD N. hospitalizations in psych 0.2 0.2 04
wards

AHD N. outpatient psych services 0.1 0.7 0.1
AHD N. prescriptions for psychiatric  26.3 255 27.8
medications (ATC N class)

AHD emergency visits for psychiat- 0 0 0.1
ric services

% of total costs for specialized 57% 86% 81%
services

Non-specialized (physical health

non-psichiatric) consumption

mean volume per patient

AHD N. hospitaliz. non-psychiatric 0.2 0.1 0.1
wards

AHD N. all other outpatient services 19.1 189 16.4
AHD, N. prescriptions other ATC 126 185 211
classes

AHD non-psych ED visits 09 0.8 0.7
AHD N. all other outpatient services 19.1 189 164
AHD, N. prescriptions other ATC 126 185 21.1
classes

AHD non-psych ED visits 0.9 0.8 0.7

*Regions, E-R Emilia-Romagna, L-Lazio, S-Sicily; SISM - Sistema informativo
salute mentale (National Mental Health Information System), AHD-
Administrative Health Databases

pathway (community vs. hospital settings, professionals
involved, key phases in the episode of care, service use).
The routine collection of data and evaluation of the qual-
ity of the care provided in its various facets (appropriate-
ness, continuity, safety and effectiveness) is important
for patients with SMDs, particularly since they are asso-
ciated with greater clinical and psychosocial needs and
make up about two-thirds of adult MH service users in
Italy [21]. Where evaluations of existing delivery models
reveal problems for all or specific targets of patients, new
delivery models can be proposed in an informed fashion
and analysed to address questions of equity in access and
outcomes. The use of big data and PHM approaches can
additionally offer significant opportunities to develop
new payment models for MH care, including bundled
payments to allow for a shift from volume-based to
value-based payment models [26].
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As highlighted by a realist literature review which
underlies this study, [27] developing episodic or bundled
payments to replace fee-for-service systems requires
providers and commissioners to cover at least three ele-
ments. First, develop an understanding of the active
caseload being served by the providers involved, defin-
ing for any financial year the number of services provided
to the patients in each cluster, the case mix of services
provided, and the relative costs. Second, determine the
episode of care for each cluster and the delivery model
for the specific target population in different contexts to
explain possible underlying reasons for cost variability.
Third, risk adjustment to adapt the bundled payment to
patient characteristics (e.g. age, sex, comorbidities) and
regional or local variation in healthcare services organi-
zation and financing. The analysis presented in this paper
aimed to test this model, by identifying the population,
analysing the consumption patterns and costs per cluster
and the factors affecting cost variations among regions
and among clusters within the same region. Within a
value-based perspective, a further step would be to deter-
mine how quality and outcome measures (including also
patient preferences and experience) should be linked to
payment. These aspects should be further explored and
monitored using appropriate metrics [28].

Quality of care for MH is often characterized by large
geographic variability, both because of significant under-
investment in terms of attention and resources and
because of the lack of standardization among organiza-
tions, mandates and care pathways [3, 29-31]. Analysis of
the data here revealed a diversity of consumption mod-
els and costs for patients with severe mental disorders
across MHDs and regions, which provide information on
care provision and coordination that would be difficult to
discern from clinical data or administrative data alone.
Adding in the MHCT, based on clinical assessments,
to stratify patients in the database helps to address the
potentially poor predictive value of the diagnosis in
defining the severity of the condition of MH patients
and the resources necessary for care [32]. The MHCT
was borrowed from the UK experiment in performance-
based financing and is well-known in the UK among the
community of psychiatrists and MH professionals [14,
33]. The segmentation of patients into 21 clusters accord-
ing to the presenting problem severity and needs for
care could provide a reliable proxy for patient needs and
resource use instead of diagnoses since different levels
of clinical and psychosocial involvement can be associ-
ated with the same diagnosis [33]. As such, the additional
information based on the stage and severity of the condi-
tion provides insight into how critical differences in the
mix and coordination of care could be addressed without
compromising the level of severity of the disease (as per-
formance measures).



Tozzi et al. BMC Health Services Research (2023) 23:960

16.000

14.000

12.000

10.000

Mean annual costs (reimbursement tariffs, in Euros)

8.000 7
6.000 b
5. J?
4,
4.000 3 3
2 . 3.';
2.000 1.6;
0
1 2 3 4 5 6 7 8 10
= Emilia-Romagna  mmmm Lazio

m Sicily

Page 9 of 14

17.377

h s § 12 13 14 15 16 17 18 19 20 21

Average all regions

Fig. 2 Mean costs (reimbursement tariffs, in Euros) per patient by Mental Health Clustering Tool cluster (numbered) and region, Year 2016

For example, Emilia-Romagna appears to provide more
care through ambulatory MH services as opposed to resi-
dential care, with lesser associated costs. As national pol-
icies emphasize territorial over residential care for MH
patients [17-20, 29, 30], care organization in Sicily and
Lazio (and other regions) might be improved in this area,
and regular administration of the MHCT would allow
for comparisons of which model better serves patients
in better managing severity and improving outcomes.
The variation in care pathways and costs also highlights
problems across MHDs in coordinating care, which has
been shown to worsen outcomes, including mortality, as
observed in a French study [34]. While it is difficult to
determine which combinations of care lead to the best
outcomes, tools such as the continuity of care index used
in that study and the MHCT used here could be incorpo-
rated into analysis of MH care in Italy. We recommend
that future research make further use of the types of ser-
vices consumed in the SISM territorial services database,
linked to outcomes where possible, to help identify best
practices and determine where care in residential facili-
ties might best be replaced by territorial services.

Additionally, problems noted in the UK regard-
ing assigning clusters accurately, defining episodes,

appropriateness for different settings of care, and physi-
cian discretion in coding within a prospective payment
system [28, 33, 35], along with the costs of training per-
sonnel and ongoing assessment in implementing the
MHCT (or a similar tool) in Italy and elsewhere, would
need to be considered. The methodology used here
included translating the MHCT for use in Italy and com-
prehensive training of healthcare professionals, which
makes it suitable for expansion across Italy; however, dif-
ficulties noted in correctly assigning clusters would need
to be addressed and accounted for.

Mental health has been shown to significantly and
negatively impact physical health (and vice versa), with
implications for access to care [1, 2]. Our results go
beyond the MHCT, showing the impact of the mix of ser-
vices for physical and mental health on overall resource
use and costs, providing evidence that health systems
should use data to incorporate both aspects to better
allocate resources and coordinate care to address issues
surrounding poorer physical health outcomes for MH
patients [1]. Moreover, though drivers of diversity in ser-
vice utilization and outcomes across regions and coun-
tries have been studied in other diseases [36], few have
explored these areas in MH, a gap our study addresses.
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Table 4 Factors that determine costs, patients with severe
mental disorders, pooled data (Sicily, Lazio), 2015-2016

Model* 1 2 3 4 5
Independent

variables

Male 1.075 1.04 0.985 1004  1.000
Lazio 1443 1502™ 1403 1056 1.066
Year 2015 1 1 1 1 1

Year 2016 1.004 0.997 0.991 0957 0955
18-24 years 1364 1305 1365 1124 1135
25-34 years 1478™ 1423 13537 1074 1071
35-44 years 125377 1224 12387 1043 1044
65-74 years 07907 0825 0825 1.04 1.041
over 74 years 0683" 0711" 0667" 1041 1037
MCS class 1 1 1 1 1

MCS class 2 1728™ 1684 1079 1068
MCS class 3 2068™  2046™ 11467 1136”7
MCS class 4 288177 2932 14107 1400
MCS class 5 37567 3829 16477 1644
TimeinMHda- 1010™ 1007  1009™ 1008 1.008"
tabase (SISM)

Probability of 0.959 0.994 0.966 0982 0987
correct MHCT

Hospitalization 2514 2516
Emergency 0.968 0.973
room visit

Ambulatory 1397 1404
services

Medication 1638 16397
purchases

Territorial MH 20317 2019™
services

Semi-residential 4514" 4510
MH care

Residential MH 8164 8144
care

Schizophrenia 1.117 1.073 1.093
Major 0.831 0.857 1017
depression

Bipolar disorder 0.882 0.926 1.126
Personality 1 1 1
disorder

Constant 1792.5%%%  1794.7%%% 3700.9%%* 4645%%% 4348%%*
Observations 6180 6180 6180 6180 6180

Exponentiated coefficients; p-values: "p<0.05, "p<0.01, "p<0.001

Abbreviations: MCS ? Multisource comorbidity score; MHCT ? Mental Health
Clustering Tool; SISM- Sistema informativo salute mentale (National Mental
Health Information System)

Models (1- Basic - controlling for gender, region, year, age class, comorbidities,
2-Basic plus diagnoses, 3-Basic excluding comorbidities; 4 and 5-Basic plus
presence in various data flows, without (4) and with (5) diagnoses

The impact on costs registered here for comorbidi-
ties shows the importance of addressing and following
chronic conditions in MH patients. As such, the tech-
niques applied here coincide with a pillar of the PHM
model within an integrated care model framework: the
definition and implementation of tailored patient-centred
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interventions targeting specific patient groups [2, 5, 6,
371].

Finally, the Italian case is significant for its pioneering
shift from institutional to community-based care, exten-
sive availability and use of data, and population health
framework, which has made it possible to track develop-
ments and difficulties over time [16, 19, 20]. Problems
related to quality of care, access and uneven application
of the reforms over time have led to projects such as that
described here to expand the use of linkable information
to provide a more comprehensive analysis of care and
delivery, especially for patients with SMDs, and explore
the feasibility of structured means to drive improvement,
such as results-based funding (e.g., bundled payments) in
the future.

Limitations

Prerequisites for the adoption of a PHM approach is the
availability of good quality data and the interchangeabil-
ity of data [5, 24, 25]. The SISM in Italy has only recently
achieved good quality, but some information may still
be incomplete, and it lacks detailed information on
treatment content and outcomes. We also had consid-
erable difficulty in obtaining the same type, timeframe
and quality of data for each region, and, while we noted
considerable regional variation, other than the inclusion
of regional fixed effects into the regression, we did not
further account for socio-economic and cultural differ-
ences in the two regions (Lazio and Sicily), an important
qualifier for analyses of the Italian NHS. Efforts should
be made in future research to account for these fac-
tors, e.g., inclusion of macroeconomic measures such as
regional income levels, population demographics, unem-
ployment rates, which vary greatly among regions in
Italy. Increased collaboration among MHDs in different
regions on organization and coordination of care, linked
to outcome measures, should also be encouraged in
national and regional policy to better identify and share
best practices.

Because the SISM and AHDs are based on the diag-
nostic code, and considering its poor predictive value for
resource intensity and use, we conducted this pilot proj-
ect to enable the use of the MHCT, which required indi-
vidual administration of the tool and subsequent linkage
to AHDs, not likely to be possible in all countries and
settings. Additionally, the SISM does not cover office-
based private practice, therefore limiting, albeit to a small
extent, the sample representativeness. Private spending
accounts for some 23% of total expenditures for health-
care in Italy (roughly 37.5 billion Euros in 2018 compared
to 119.1 billion for public healthcare spending, 156.5 bil-
lion overall), and all types of ambulatory care, including
co-payments for public services, accounted for about
14% of that (5.4 billion Euros) [38]. We did not have data
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on primary care (not collected in AHDs), however, Gen-
eral Practitioners do not provide MH services directly,
but function largely as gatekeepers to specialist care.
Additionally, no information is collected on the medical
reasons for any visits.

Our study was also limited by its retrospective qual-
ity, which forced us to assume that cluster definition was
applicable to past service use, and, though tested, we
could make scarce use of clusters in regression analysis.
Future research should explore the diversity of consump-
tion models for the same cluster with follow-up data,
ideally examining whether needs based on cluster assign-
ment have been considered and met, looking at the dif-
fering interpretations of patient management adopted by
regions and clinicians, particularly as regards the concept
of deinstitutionalization of psychiatric patients and the
available healthcare service supply. Though AHDs are
being increasingly linked to clinical data, such techniques
also raise important privacy questions [24, 25].

Despite great interest in the development and potential
connected with PHM approaches, a mature understand-
ing of PHM logic is hindered by the paucity of informa-
tion and data on social dimensions [39]. Analyses are
still concentrated mostly on the health dimension alone,
but especially for MH, there is an important effect con-
nected with social, economic and environmental dimen-
sions [2]. In fact, linkage to social services databases
was not possible here. A limitation of our study was the
lack of data on social aspects, in particular in regression
analysis to determine the drivers of variation. In addi-
tion, a move toward systematically measuring and incor-
porating patient reported outcomes in MH care, using
a number of available scales and measures, is occurring
in other countries, notably France [40], which we lacked
here. We therefore recommend that future research and
national and regional MH programs explore incorporat-
ing patient-reported outcome measures — and patient
preferences - and linkage to social services databases in
the future to incorporate social and other dimensions
into the analysis.

Conclusions

This study using mental and physical health administra-
tive information systems uncovered considerable differ-
ences in consumption patterns and drivers of costs for
patients with SMDs stratified using the MHCT in Italy,
raising questions regarding the role of planning, provid-
ing and monitoring MH services across regions and the
level of integration and coordination between services
within and among regions. Analysis using big data and
the PHM approach here showed the importance of con-
sidering both physical and MH, where regression analy-
sis revealed the considerable impact on costs exerted by
comorbidities, residential psychiatric care and physical
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healthcare consumption, providing new perspectives
regarding system sustainability. Any move toward new
payment schemes, e.g., bundled payments, should use
the techniques tested here to focus on the most appro-
priate care delivered within a care episode or care pro-
gram, either population or individually defined, at the
lowest cost. PHM can promote innovative improve-
ment interventions by building policies, delivery mod-
els, and system governance on the basis of precise data
and information on consumption patterns and popula-
tion, supported through continuous experimentation and
maintenance.

The PHM approach tested here can be implemented
by other healthcare systems at the national, regional or
local level. How, and how completely, the components
are implemented will depend largely on the specific char-
acteristics of healthcare practices or organizations; the
resources available to support the effort; the breadth and
depth of existing information systems and privacy con-
cerns; the level of skill and acceptance of information sys-
tem management among policy makers, administrators
and clinicians; and the collaborations and partnerships
that exist within the matrix of the healthcare system.
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