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Abstract

Ensuring widespread accessibility of healthcare services is a crucial policy objective. Accordingly, the Italian National
Recovery and Resilience Plan (NRRP) has prioritized territorial medicine, channeling post-pandemic investments toward
the restructuring of primary care services. A notable change is the establishment of Community Healthcare Centers
(CHC:s). This paper investigates how CHCs contribute to the accessibility of healthcare in urban and rural areas. By lever-
aging a comprehensive dataset of general practitioners’ availability and estimating future demand-and-supply scenarios,
we examine the impact of CHCs under two different capacity allocation strategies. Strategy I—Capacity expansion—
involves allocating additional service hours of general practitioners to CHCs in order to maximize accessibility. Strategy
2—Capacity redistribution—accounts for the persistent shortage of healthcare professionals faced by Italy in the recent
years by reallocating a portion of general practitioners’ current services from their existing workplace locations to CHCs.
Our results indicate that CHCs have the potential to maintain current accessibility levels and also enhance them in the
years to come. Moreover, we demonstrate that simply redistributing the current capacity can improve future accessibility.
Finally, we show that a mix of the capacity expansion and redistribution strategies (Strategy 3) can maximize accessibility
in the future, limiting the need for new professional staff.

Highlights

e [ evers of future variations in accessibility of primary care are investigated.

e Community Healthcare Centers contribute to enhancing future accessibility of primary care
e (apacity expansion and redistribution are analyzed as alternative strategies.

e Improvement in future accessibility can be achieved even by redistributing capacity.
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1 Introduction

Globally, healthcare systems have consistently undergone
pivotal reforms to improve the efficient delivery of care ser-
vices, demonstrating adaptability to evolving economic and
societal conditions. A significant reassessment of health-
care systems followed the COVID-19 pandemic, shedding
light on their structural weaknesses worldwide, including
the frailties of local health systems and the failure of the
hospital-centric organizational model. To cope with this
crisis and revive member states’ economies, the European
Commission supported significant investments under the
Next Generation EU framework to make health systems
more efficient and resilient. Italy was at the forefront of
implementing a massive reform process in this context. The
Italian National Recovery and Resilience Plan (NRRP), in
fact, allocates substantial funds to healthcare (Mission 6),
identifying the reinforcement of primary care as a strate-
gic development goal (Component 1 of Mission 6 ”Prox-
imity networks, structures and telemedicine for community
healthcare” - see [26]). In May 2022, the Italian govern-
ment issued the Ministerial Decree nr. 77/2022 ("Models
and Standards for the Development of Community Care in
the National Health Service” - see [27]) to strengthen the
provision of primary care services across all regions and
overcome disparities that emerged in the last decades as a
result of the ongoing political decentralization of the Italian
National Healthcare Service - NHS.

This new reform proposes a standard organization model
for primary care by defining the type of facilities to include
in the proximity networks and the services they should offer
[35]. Specifically, the envisaged model incorporates new
key institutions, commonly referred to as Case di Comu-
nita (Community Healthcare Centers - CHCs). These are
socio-healthcare facilities designed to provide prevention
services, continuity of care, and 24/7 availability in a more
accessible and equitable manner, through the engagement
and collaboration of various healthcare professionals, such
as general practitioners (GPs), nurses, and specialists. From
a regulatory perspective, CHCs are expected to yield guar-
anteed improvement in the accessibility of primary care ser-
vices. In fact, the reform foresees the presence of a CHC
per 50,000 inhabitants and requires each CHC to provide
continuous medical assistance (24 hours a day).

Although promising, this reform must address two main
challenges. The most significant difficulty is the staffing
of new facilities and services given the shortage of health-
care workers [11]. Notably, in the past five years, Italy has
registered a 7.5% decrease in the number of GPs for every
10,000 inhabitants [25]. Under these conditions, the feasi-
bility of the new primary care model is at risk, and regions
could encounter severe hardships in implementing the plan.
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The second challenge lies in ensuring good accessibility
of primary care services. This new model risks to heighten
the concentration of GPs (from dispersed ambulatories to
CHCs) due to the above-mentioned trend. Hence, informed
recommendations and studies on possible implementation
strategies would be beneficial for local authorities.

Given this backdrop, this paper aims to investigate how the
activation of CHCs influences the accessibility of primary care
services in the Italian NRRP context. Focusing on Piedmont,
the second largest Italian region in terms of geographical exten-
sion, we first define our baseline estimates by assessing the
actual level of accessibility in urbanized and rural areas both
(1) under current conditions, and (ii) considering the expected
changes to major future trends, namely demographic decline,
population aging, and contraction in healthcare resources.
Then, we develop different hypotheses for the staffing of new
healthcare facilities (i.e., CHCs). First, we consider staffing the
CHCs by ensuring the availability of more GPs (Strategy 1 -
Capacity expansion). Next, we assume mandating the existing
GPs to deliver their services within CHCs (Strategy 2 - Capac-
ity redistribution). Finally, we also devise a hybrid strategy
(Strategy 3), where both elements of capacity expansion and
redistribution are simultaneously considered. The strategies are
evaluated in terms of their impacts on patients’ accessibility.

Apart from a practical standpoint, the problem at hand is
relevant from an academic perspective. In fact, unlike research
on primary-care settings (see, e.g., [20, 49]), the literature on
CHCs’ accessibility is still scant and developing gradually.
It is worth noting that CHCs are relatively recent initiatives
implemented across NHSs worldwide [5, 18, 21, 46]. Further,
although broadly accepted, the term "Community Healthcare
Center” does not have a universal definition, and the naming
of these facilities varies from country to country. However, the
overarching goal remains consistent: to enhance access to pri-
mary care services, especially in underserved areas. As a result,
past (and ongoing) academic efforts on the topic mainly target
policy-related aspects, delving into the reforms that led to their
implementation and their implications for equity of access (i.e.,
their actual use — see, e.g., [42] and the references therein).
Only a few studies explicitly deal with the geographic (or spa-
tial) accessibility of CHCs, that is, an analysis of their territorial
distribution and their reachability for patients. In these stud-
ies, the focus is mainly on analyzing the impact of CHCs on
equitable accessibility conditions in rural areas [2, 9, 15, 36,
50, 51], and among more vulnerable populations, such as the
elderly [12, 50, 52], racial minorities [44, 50], and low-income
residents [17]. Other lines of research include the (positive)
influence of CHCs’ accessibility on the use of primary care ser-
vices or health outcomes [29, 31], a comparative assessment of
patients’ accessibility in pre vs. post-health-reform scenarios
[40], and the analysis of how accessibility varies depending
on modes and times of transportation [38]. Some studies have
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also employed a decision-making perspective in their analysis,
adopting basic facility location models for the optimal siting of
CHCs to maximize accessibility [10, 47].

To the best of our knowledge, the existing literature
focuses on already implemented health reforms and is mainly
limited to descriptive-type analysis. Little (or no) attention
is paid to the implications of optimal staffing policies at
CHC:s on patients’ accessibility and how these policies can
be shaped depending on the current and projected primary
care landscape. Given this context, this paper contributes to
the literature in three ways: (i) by performing an extensive
accessibility analysis of GPs’ primary care networks, assess-
ing both current and future variations, as well as local dispari-
ties between urban and rural areas; (ii) devising and modeling
alternative staffing strategies at CHCs based on new GPs’
allocation and re-allocation decisions; (iii) and assessing, by
means of a fine-grained empirical study and a computational
experiment, the role of CHCs in reinforcing patients’ acces-
sibility in one of the Italian regional health systems.

The remainder of this paper is structured as follows. Sec-
tion 2 details the methodology employed to measure accessi-
bility and provides an overview of the case study investigated.
Section 3 presents the first accessibility results derived from
our analysis, providing current and future estimates. Section 4
investigates the role of CHCs, providing evidence of how the
different strategies may impact accessibility. Finally, Section 5
concludes the paper with a summary of the work, a discussion
of the main results and an outline of future research directions.

2 Measure of accessibility

Recognizing equity of accessibility of healthcare services as
a key policy goal for governments and national healthcare
institutions, numerous studies have examined the potential
discrepancy between the supply and demand of such services.
Different methodological approaches have been proposed.
Some of the common metrics used in the previous literature
are the distance to the nearest healthcare facility (e.g., [1])
and the minimum travel time required for a patient to reach
it (e.g., [13]). Although these two simple measures find their
natural applications in hospital network design and emergency
services, estimating the accessibility of non-urgent healthcare
requires accounting for both service capacity and the volume
of patients seeking care [28, 48]. Gravity models that jointly
account for demand, supply, and distance were the starting
point for such estimates [22], and over the past few decades,
scholars have proposed various advancements to these
approaches [32, 33, 45]. An effective and robust improvement
to gravity models, widely used to measure accessibility of pri-
mary healthcare services, is the two—step floating catchment
area method (2SFCA—see [37] for an extensive review on

the topic). This method consists of two main estimations. Let
I be the set of patient locations (indexed by i) expressing the
potential demand for primary health services (u;) and J the
set of current healthcare facilities with capacity w;. With d;;
being the distance from patient location i and healthcare facil-
ity j, the first step in a 2SFCA estimates the supply-to-demand
ratio at each healthcare facility (1;). This ratio is computed as
the capacity of facility j divided by the population at location i
(u;) living within a certain threshold distance d*:

W

B = : ()

Zie[;d,;jgd* Us

The second step takes a population perspective and for each
location i, it computes the sum of all the capacity-to-pop-
ulation ratios of the healthcare facilities located within the
same distance threshold d*. This value represents the spatial
accessibility (A;) of each location, and it is equal to:

> B 2)

j€J:di; <d*

A=

For easier reference, all the notation utilized in the paper is
listed in Appendix A—Table 7.

In this study, we use the 2SFCA methodology to compute
accessibility in the Piedmont area. Piedmont is a large region
situated in northern Italy (around 4.2 million inhabitants in
2022 according to the Italian National Statistics Institute—
[ISTAT]), characterized by a combination of large and small
urban centers, combined with scattered rural areas where
most of the population lives. Figure 1 shows the areas with
different levels of urbanization in the region, based on the
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Fig. 1 Urbanization level of the Piedmont Region
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Eurostat classification [16]. Only four municipalities out of
1180 are located in an urbanized area (urban), accounting
for 4.5% of the entire region. The majority of the land in the
region (71.5%) comprises rural areas, while the rest (24%)
is classified as intermediate. In terms of population, around
2.1 million inhabitants (46%) live in intermediate areas,
29% reside in rural areas, and only 25% in urban ones.

The three main parameters of 2SFCA are population (u;),
service capacity (w;), and distance (d and d*). For assessing
current and future accessibility at the micro-level, this study
relies on population data (F;) gathered from the ISTAT
CENSUS database [23]. For census purposes, Piedmont is
divided into 35,672 cells (|I| = 35,672), of which 50.3%
are located in urban areas, 32.6% in intermediate areas,
and 17.1% in wurban areas.! Future accessibility is based
on the projections gathered from the regional demographic
observatory of Piedmont, DEMOS Piemonte [14]. These
projections align with national trends and indicate a gradual
decrease in population, accompanied by an aging demo-
graphic composition. Specifically, the decrease in the num-
ber of inhabitants in the region varies from -0.8% to -1.6%
over a period of 5 and 15 years, respectively. The impact of
an aging population is more severe, with the increase in the
number of elderly individuals (defined as those aged 65 and
above) estimated to be +1.8%, +6.4% and +13.6% over a
period of 5,10, and 15 years, respectively.

In terms of healthcare supply (w;), the Piedmont region is
divided into 12 Local Health Authorities (LHAs) (see Fig. 2)
and accounts for 2,815 GPs spread across 2,841 different loca-
tions (|J| = 2, 841). Supply data have been retrieved from the
Piedmont healthcare regional center [43] and contain details
about the hourly availability of GPs in each ambulatory. The
distribution of GPs in LHAs is highly heterogeneous, with
most GPs located close to two large city centers (Turin and
Alessandria), while LHAs positioned in the other Piedmont
provinces host only 45% of the GPs. Most of the GPs are
located in intermediate areas (46%), while urban and rural
areas account for around 26% and 27% of the total number
of GPs, respectively. In most instances, there is no one-to-one

! The latest available census data on Piedmont’s inhabitants are from
2011. We adjusted the population level in year ¢ in each cell i, rely-
ing on recent, aggregated population data gathered from DEMOS
Piemonte [14]. Specifically, the number of individuals of a certain age
class a and given gender s living in cell i at time ¢ (F; ¢,q,s) is equal

Pi 2011,a,s
to ——==
P

s aonnns  Dvitia,s, where Piso11,a,s (Py;,2011,a,5) stands for
the number of individuals of a certain age class @ and given gender s
living in a specific cell 7 (in the macro area y; that includes /) in 2011,
while Py, ¢ 4,5 is the population of a certain age class a and given gen-
der s living in the macro area y; at time ¢. To estimate the population
distribution in the years to come, we assume that the way in which the
population is distributed within each macro-area does not change with
time. Consequently, this formulation is also used to estimate future
variations in the number of people living in each cell i. We recognize
this as a limitation of our study.
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correspondence between a specific location and the presence
of a GP. Approximately 30% of the GP locations accommo-
date more than one GP. Equally noteworthy is the fact that
approximately 38% of the GPs do not confine their services
to a single location. In other words, more than 1000 GPs are
distributed across multiple ambulatories.

Regarding future projections of GP availability, ISTAT
historical data [25] indicates a diminishing trend in Pied-
mont. The average number of GPs per 10,000 people was
7.09 in 2016. This value reached its lowest in 2021, at 6.76.
In absolute values, the reduction corresponds to a negative
Compound Annual Growth Rate (CAGR) of -1.24% over a
span of five years. This study relies on this value to project
the prospective availability of primary healthcare services in
Piedmont. Given the scarcity of information on the possible
future variation of service at each location, we assume this
decrease to be homogeneously distributed in the Region.

The assessment of future accessibility levels extends
beyond the presence of GPs in the territory to account for the
presence of CHCs. In line with NRRP requirements, the Pied-
mont region has already identified 91 CHCs located through-
out the territory [41], which are expected to be fully operational
by the end of 2026 (see Fig. 2). Although the CHC locations
have already been designated, not all of them are currently
operative, and there are no clear indications about the hours of
primary healthcare services that should be offered at each site.
In fact, most of these facilities require partial or complete ren-
ovation, many are still under construction, and some of them,
even if structurally ready, lack medical resources.

To better account for actual GP availability and the needs
of the population, this study includes some adjustments to the
standard first step of the 2SFCA method (Eq. 1). Specifically,
service capacity takes into account the peculiarity of the dis-
tribution of GP working hours in the different locations. w;
is quantified as the sum of weekly hours during which GPs
provide their services at location j. Furthermore, instead of
solely accounting for the number of individuals residing in
census cell 7, we adopt an alternative measure to account for
the fact that the primary healthcare service needs are not uni-
formly distributed among the population. In fact, the demand
for GP visits is acknowledged to vary according to socio-
demographic factors, such as age, gender, income, and educa-
tion [4, 19]. According to ISTAT [24], the Italian population
exhibits great heterogeneity in the frequency of GP visits,
reporting statistics that vary in relation to age and gender. For
example, people aged 80 and older go to the doctor about 0.8
times a month, which is more than four times the frequency
of individuals aged between 25 and 35 years. Moreover, on
average, the GP visit frequency of females is 30% higher than
that of males. To account for these differences, we adjust the
demand measure u; by considering the weighted average
number of monthly visits required by the population living
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Fig. 2 Distribution of GPs and CHCs
in the Piedmont Region, with a zoom
on the city of Turin

in cell 7, which constitutes the demand. Specifically, for each
cell i, we compute the total expected number of visits by sum-
ming, across all age and gender groups, the product of: (i)
the visit rate (i.e., the number of visits per 100 people for
that specific age-gender group), based on the most recent data
available from [24], and (ii) the actual number of people in
that group living in cell i.

Finally, along with demand and capacity, the 2SFCA
model requires the identification of population-to-facility
distances (d) and a threshold distance d*, defining the catch-
ment area boundaries. In accordance with the previous lit-
erature, which measures d;; as travel time or distance [3,
30, 341, d;; is calculated for each pair (4, j),7 € I,j € J as
the shortest path on the road network, as a proxy of travel
distances. As for d* there is no common measure in the
literature, strongly depending on the context in which it is
studied, we conduct our accessibility analysis at different
thresholds, namely, d* € {1,2.5,5,10} km. Also, we high-
light that the Italian healthcare system allows a patient to be
served only by GPs that operate in the same LHA. Accord-
ingly, R; and A; only account for the population residing in
the same LHA as that of the location j.

3 Accessibility analysis

3.1 Estimates of current accessibility: urban-rural
disparities

The 2SFCA method’s final outcome is a continuous mea-
sure of accessibility that outlines the relative difference
between geographical areas (the higher the outcome, the

0 25 Skm
C—

Legend
® GP
® CHC

[ JLHA

50 100 km
[

higher the accessibility level). In practice, we have an acces-
sibility score, say A;, for each patient node 7 € I. Overall,
these A; values convey a discrete distribution of accessibil-
ity scores across the whole set of patients /. Hence, in order
to provide a comprehensive overview of the differences
in accessibility, two types of indicators are used. First, we

2o

rely on the average accessibility, that is A (A = T)

Second, we consider the fraction of potential demand ~y that
is “covered”, namely, the portion of patients whose acces-
sibility score is at least equal to given threshold A* (i.e.,

v(A*) = EZEXI:AT*U) Note that similar approaches
ier °

have been used for distance-based accessibility evaluations

(see, e.g., [7, 8]). To highlight potential territorial imbal-

ances, the two indicators are specialized by the Degree of
Urbanization (DU).

Table 1 shows the variations in the current average
accessibility levels by DU across four distance thresholds
(d* € {1,2.5,5,10} km). We denote these average scores
by Aurbana Aintermediate: and Arural- The scores indi-
cate lower accessibility in rural areas compared to urban
and intermediate areas, with the disparity becoming more
pronounced at shorter threshold distances. Considering the
average accessibility level in the urban area as the reference
case, at d* = 1 km, the rural (intermediate) areas demon-
strate -57% (-18%) lesser accessibility. These differences
reduce as d* expands beyond 1 km, indicating that the
average accessibility scores in intermediate and rural areas
increase more than in urban areas. Still, these differences
remain non-negligible. Indeed, when the threshold distance
is 10 km, the rural-urban relative difference almost halves,
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Table 1 Assessment of the variation in the average accessibility levels (A) by degree of urbanization (DU) across different threshold distances (d*)

Threshold distance— d* (in km)

DU 1 2.5 5 10

Urban (Aurban) base case base case base case base case

Intermediate (Aintermediate) -18% -11% 7% -13%
-57% -36% -30% -30%

Rural (mel)

reaching -30%. We shall note that accessibility does not
always follow a monotonic trend with distance. Specifi-
cally, we observe a variation in average accessibility levels
for intermediate areas, ranging from -7% at 5 km to -13%
at 10 km. This can be explained by the opposing effects
of d* that reduces the supply-to-demand ratios I?; and, at
the same time, increases access opportunities for each user
(thus, the accessibility score A;). However, if the latter does
not compensate for the reduction in R;, accessibility scores
may decline. This is precisely what occurs when increasing
d* from 5 km to 10 km, as the demand within the catch-
ment areas of health facilities in intermediate areas grows,
on average, more than that in urban zones.

For the sake of conciseness, the remainder of this paper
considers the reference threshold distance as d* = 5 km, in
which the accessibility of rural (intermediate) areas is 30%
(7%) lower than that in urban areas. Figure 3 shows the cur-
rent accessibility level of each location 7 in the region.

Assuming the average accessibility scores by DU
at d* = 5 km as reference points, Table 2 illustrates
the corresponding proportions of patients who have an

Fig. 3 Accessibility score - darker areas indicate a higher
accessibility level
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[ 0.02 - 0.03
I 0.03 - 0.04
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accessibility level higher than those thresholds (i.e.,
’Y(A*)’ with A* € {Aurbany Aintermediate; A'ru'ral})- Con-
sistent with the average accessibility measure, the pro-
portion of covered demand is lower in rural areas than in
intermediate and urban zones, suggesting the presence of a
great disparity among differently urbanized areas, account-
ing for the current capacity and demand.

To shed further light on this aspect, Table 3 presents
the values of accessibility scores at given percentiles of
patients, ranging from 10% to 50% (the median), and by
degree of urbanization. Note that: (i) the minimum acces-
sibility score is always zero and therefore not reported; (ii)
for intermediate and rural areas, as well as for the Pied-
mont region, we show the relative deviations with respect
to the baseline (i.e., the score in urban areas reported in
the first row).

As shown in the table, 10% of patients in urban areas
have an accessibility score at most equal to 0.025. In
comparison, 10% of patients in intermediate and rural
areas have (at most) accessibility scores that are 18% and
59% lower than those in urban areas, respectively. These

0-0.01
0.01 - 0.02
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Table 2 Assessment of the proportion of covered demand assessment
at different target accessibility levels A™ (threshold distance d* = 5
km)

Target accessibility values —A*

DU ’Y(Zu'rban) ’Y(Zimermediate) ’Y(mez)
Urban 54% 75% 94%
Intermediate 49% 62% 86%
Rural 36% 44% 64%
Piedmont 47% 60% 82%

differences decrease across higher percentiles. Specifi-
cally, the median accessibility score in intermediate and
rural areas is 2% and 17% lower than the baseline, respec-
tively. The last column of the table also highlights the dif-
ferences in average scores, as previously shown in Table
1. In urban areas, the average accessibility score matches
the median score, whereas in intermediate and rural areas,
the average score is lower than the median. This indicates
that the urban distribution is more skewed toward higher
values, as illustrated in Fig. 4, which displays the propor-
tion of patients (on the x-axis) by accessibility score range
(y-axis) in urban and rural areas.

In summary, the above provides a deeper investigation
into the distribution of accessibility scores by degree of
urbanization, emphasizing the poorer accessibility con-
ditions in intermediate and rural areas beyond aggregate
average measures.

3.2 Future accessibility levels and regional
disparities

To gauge future levels of accessibility, we replicate the 2SFCA
analysis after 5, 10, and 15 years from the present (t = 2021).
By assuming A* = Ayrpan and d* = 5 km, Table 4 summa-
rizes the decline in average accessibility and covered demand
over the years. Column 1 shows that the overall drop in aver-
age accessibility is - 7%, - 13%, and - 20% in 5, 10, and 15
years, respectively. Although the disparity among the three dif-
ferently urbanized areas does not vary significantly, a slightly
greater decline in accessibility can be observed in urban areas
compared to intermediate and rural areas, which reduces the
urban—rural accessibility gap albeit only moderately. These
outcomes are consistent with the decrease in the covered
demand. Column 2 of Table 4 shows the variations in covered
demand over different time intervals and by degree of urban-
ization. In 15 years, the decrease is equal to 48 percentage
points for urban areas, which is double that of the population
living in rural locations (-24 percentage points). This implies
that in 15 years from now, the portion of covered demand will
change from 54%, 49%, and 36% to 6%, 14%, and 12% for
urban, intermediate, and rural areas, respectively.

To assess the levers underpinning the decline in acces-
sibility, we isolate the effects of three different components:
population aging, population reduction, and the decrease in
service capacity. Columns 3 to 5 of Table 4 illustrate the

Table 3 Accessibility scores by percentile of patients and degree of urbanization

Percentiles
10% 20% 30% 40% 50% Avg

Urban 0.025 0.029 0.031 0.032 0.033 0.033
Intermediate -18% -14% -8% -3% 2% -7%
Rural -59% -43% -33% -23% -17% -30%
Piedmont -31% -18% -12% -5% -3% -16%
Fig. 4 Proportion of patients by
accessibility score range in urban >0.045
vs. rural areas

0.04-0.045

0.035-0.04

0.03-0.035

0.025-0.03

<<

0.02-0.025

0.015-0.02 1

0.01-0.015

0.005-0.01

[ Rural
0-0.005 Urban J
-40% -20% 0% 20% 40%
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Table 4 Variation in the average accessibility (1), in the proportion of covered demand (2), and levers of variation in the proportion of covered

demand (Deviation Analysis) (3-5), considering A* = A, ,pqn d* =5 km

DU (€)) @) 3 “ 6)
AAverage ACovered Levers variation in the proportion of covered demand*
Accessibility Demand* Population Ageing Population Reduction GPs’ availability
In 5 years
Urban -7% -21 -6 3 -18
Intermediate -7% -15 -3 2 -14
Rural -6% -9 -1 1 -9
Piedmont -7% -15 -3 2 -14
In 10 years
Urban -14% -35 -10 5 -30
Intermediate -13% -27 -7 1 221
Rural -13% -18 -2 1 -17
Piedmont -13% -26 -6 2 -22
In 15 years
Urban -20% -48 -15 6 -39
Intermediate -19% -34 -9 3 -28
Rural -19% -24 -3 1 =22
Piedmont -20% -36 -9 3 -30

*Variation in percentage points - pp

results of the deviation analysis, which account for the three
effects separately.”

The decrease in capacity (Column 5) has the largest
effect, contributing to a decrease of -14, -22, and -30 per-
centage points in the covered demand for the three stud-
ied time spans. Regarding the factors affecting demand,
two main effects exert contradictory influences on future
accessibility measures. On the one hand, population aging
(Column 3) leads to a worsening of the accessibility index
overall as elderly people are known to require a higher num-
ber of visits compared to younger patients [24]. On the other
hand, a small decline in the number of people living in the
region (Column 4) is expected to result in a small gain in
accessibility. Of the two effects, population aging has the
largest influence (in absolute terms), significantly contrib-
uting to the overall future decrease in accessibility. All the
studied levers have a stronger impact in urban areas, which
registered a decrease in the proportion of covered demand
equal to -21, -35, and -48 percentage points in 5, 10, and 15
years from now.

2 The outcomes in Column 3 (Table 4) are derived from comparing
the current level of accessibility with the level that would result from
using projections of the age class distribution while keeping the lev-
els of capacity and population as constant at their present-day values.
In Column 3, the number of individuals of a certain age class a and
given gender s living in location / at time ¢ (P; ¢,q,5) is computed as
Pita.s

e > wea Pisto,a,s- Here, to represents the cur-
" tas

follows: Z

a€A
rent year (2021), and ¢ corresponds to projections for +5, +10, and +15
years. Population projections, disaggregated by age class and gender
(Py, t,a,s), are sourced from the regional dataset [14]. The allocation
of individuals to each cell i, necessary to derive P; ¢ 4,5, followed the
steps described in Footnote 1.
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In conclusion, these combined effects will naturally
lead to a significant decline in accessibility unless service
capacity is increased. CHCs provide a solution to this issue,
provided they are staffed in alignment with catchment area
demands over time.

Our analysis also facilitates the identification of current
and future hotspots in terms of accessibility (e.g., census
tracts with the lowest accessibility scores—see Fig. 3 for
the AS-IS scenario), providing an informational basis for
decision-makers to prioritize interventions in the least-
served areas. Note that current and future hotspots may dif-
fer, as the impact of various levers is not uniform across
different levels of urbanization. This observation adds to the
complexity of the problem of redesigning GP networks and
emphasizes the need for methodologies that are able to act
as decision-support tools. To this end, some possible math-
ematical models to operate CHCs are presented in the next
section.

4 The role of community healthcare centers

As our findings reveal, patients’ accessibility conditions in
the region are expected to worsen significantly in the mid-
to-long term. In this context, the role of CHCs becomes cru-
cial. Indeed, the presence of GPs in CHCs, as prescribed by
the Italian NRRP, should provide additional opportunities
for patients to receive care services, thus counterbalancing
the adverse effects of population aging and the progressive
decline in the number of GPs.

In this section, we assess the extent to which CHCs can
help achieve this goal. In particular, to explore solutions to
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the current and projected levels of primary healthcare ser-
vices, we look at defining the optimal availability of health
resources (namely, GPs) in CHCs with a view to maximiz-
ing patient accessibility. In other words, we suppose that a
decision-maker is interested in planning the allocation of
GPs in CHCs to ensure that the proportion of patients pro-
vided with a minimum desirable accessibility level is maxi-
mized. Two possible strategies are explored: (i) Strategy
I - Capacity expansion assumes extra availability of GPs
that are assigned to CHCs, and (ii) Strategy 2 - Capacity
redistribution is based on the re-allocation of GPs’ current
capacities from their existing workplace locations to CHCs.
We devise two mathematical programming models, which
are presented (and whose results are reported) in the follow-
ing subsections. Finally, as a hybrid version of the above
options, an additional strategy— Strategy 3, involving both
capacity expansion and redistribution decisions—is also
discussed and tested. To ease the reader, the notation is
listed in Appendix A—Table 7.

4.1 Strategy 1 - Capacity expansion

Under Strategy 1, our aim is to optimally define the tempo-
ral (weekly) availability of new GPs that can be allocated
to CHCs in order to improve the accessibility of patients.
In particular, we set a target value of accessibility and try to
maximize the number of patients who meet such a thresh-
old. In line with our analysis (see Section 3), accessibility
is calculated using the 2SFCA method, considering both
the current and newly added availability of GPs at CHCs.
We assume the total availability of GPs to be potentially
allocated across the whole set of CHCs is given before-
hand, i.e., it is an exogenous parameter to our problem. We
also assume that GPs are not being taken away from their
workplace locations for allocation elsewhere. This means,
in practice, that the availability of GPs at the existing loca-
tions equals the current one, and the projected decline in this
availability over time is considered. Thus, the decisions to
be made pertain to the portion of this full availability that
has to be allocated to CHCs. Also, as an additional feature
of practical relevance, we assume that the minimum and
maximum thresholds on the weekly availability of GPs at
each CHC are considered.

To model the problem, some further notation is intro-
duced as follows. Let K be the set of already identified
locations for CHCs and c¢;; denote the distances from the
patients to the CHCs. Q7™ and Q7'** are the lower and
upper bounds on GPs’ availability at each location k € K.
Besides, Q%! refers to the maximum temporal availability
of GPs that can be allocated to CHCs, and A* refers to
the target accessibility level to guarantee to the patients.
Two families of decision variables are considered: (i)

qk, expressing the weekly availability (in hours) allocated
at each CHC (g, > 0,k € K), and (ii) x;, which is equal to
1 if patients in ¢ € I are “covered”, i.e., their accessibility is
at least equal to the envisaged target value A*, 0 otherwise.

Based on the above notation, the model (M), can be for-
mulated as follows:

maximize Z Wi T, (Ml . 1)
iel
subject to Z W + Z L > A*wy iel, M1.2
ier 2761:‘1,]3‘1’ i Tk Yictcn<ar Ui ( . )

> g < Q" (M1.3)
iex

QY™ < qp < QP keK, (ML4)
g >0 ke K, (M1.5)
x; € {0,1} i€l (ML6)

Objective function (M1.1) maximizes the covered demand,
i.e., reaching the desired accessibility level. Constraints
(M1.2) state that the demand in i is covered if its accessibil-
ity score is at least A*. Note that if the latter condition is
met, the x-variables will be equal to 1 as objective function
(M1.1) has to be maximized. Also, such an accessibility score
(the left-hand side in (M1.2)) is computed as the sum of two
terms: the accessibility score yielded by the actual availabil-
ity of GPs in their current locations (w;,j € J, which, as
assumed, is not affected by any (re-)allocation decision) and
the accessibility score determined by the newly allocated
availabilities of GPs at CHCs (qx,k € K). Constraints
(M1.3) ensure that the total allocated temporal availability
of GPs at CHCs does not exceed Q*°!, while Constraints
(M1.4) guarantees that the availability of GPs at each CHC
k is within the lower and upper bounds given by parameters
Q'™ and Q*®. Finally, Constraints (M1.5)-(M1.6) define
the domain of the introduced decision variables.

Model M; can be used to assess the effects of new GP alloca-
tions in the mid-to-long term. To this end, it is sufficient to use
projected values for supply (w;) and demand (u;) parameters
at a generic future time period and resolve the model accord-
ingly. With this setting, the model yields the solution for the pro-
portion of patients reaching the target accessibility level at the
considered time period, if we ensure, by that time period, a tem-
poral availability of GPs at CHCs that is at most equal to Q%°%.

4.1.1 Experimental tests

Model M; was tested using the Piedmont region as a case
study. To this end, we need to specify some further data used
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(in addition to those already presented in Section 2) and the
setting of the relevant model parameters, i.e., the thresh-
old distance (d*), demand (u;), supply (w;), and capacity
parameters (Q'°?, and, thus, o, Q"™ and Q7"**). We will
detail this next.

Test data and parameters’ setting We recall that the set K
of CHC locations corresponds to the already (actual) identi-
fied sites of CHCs in the study area. The patients-to-CHCs
distances c;; were calculated as the shortest paths on the
road network. Further, the threshold distance d*, used
for the computation of patients’ accessibility, was set at 5
km. Various experiments were conducted by varying the
demand (u;) and supply (w;) parameters and using their
projected values in four reference years—2021, 2026,
2031, and 2036—with 2021 denoting the AS-IS scenario.
The target accessibility level A* was set equal to the aver-
age accessibility score calculated in urban areas in the cur-
rent scenario (i.e., A* = Ayppan, @ € I, in 2021), which
is assumed to be a reasonably good value of accessibil-
ity. The total availability of GPs to be allocated at CHCs
was set as a percentage of the total current availability of
GPs, ie., Q' =« ZjeJ wj, with w;-values equal to
those in 2021 (AS-IS) and « € {0.01,0.05,0.10,0.20}.
Notably, if we assume the same average weekly workload
for GPs—about 14.5 hours per week in our case—we
can convert hourly capacity into absolute numbers. Thus,
since the current number of GPs is equal to 2,815, vary-
ing a € {0.01,0.05,0.10,0.20} would mean considering
scenarios from 28 (o = 0.01) to 563 (o = 0.20) new GPs
operating at CHCs. This observation allows for an easier
interpretation of the analyzed scenarios in terms of the num-
ber of GPs involved and the associated proxied costs for
their implementation. These values also align with the hir-
ing predictions for new GPs in the region (about 500 by
the end of 2024 - see https://tinyurl.com/mvtjucy5), sug-
gesting that CHCs are capable of welcoming such capacity.
The minimum and maximum availabilities of GPs at each
CHC k € K, i.e., Q™" and Q["**, were set to 0 and Q'°,
respectively. This way, “capacity” restrictions at CHCs did
not come into effect, and the solutions produced by the
model could be used as ideal benchmarks for comparative
purposes.

Results All the experiments were performed on Intel(R)
Core(TM) 17-8750H CPU at 2.20 GHz, equipped with 16
GB RAM and Windows 10 Pro—64 bits operating system.
The optimization model was solved using the commercial
solver IBM ILOG CPLEX 12.10.

The obtained results are summarized in Fig. 5, which
reports the proportion of demand covered (i.e., reaching the
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target accessibility level A*) by the value of « for the years
2021, 2026,2031, and 2036. Recall that « regulates the total
availability Q*°* of GPs who can be allocated to CHCs. The
figure also displays the percentage of covered demand in the
AS-IS scenario (solid black line).

First, we focus on the results for the year 2021, where we
evaluate the effects of GP allocation in the current sce-
nario, i.e., at equal values of demand and supply parame-
ters. Improvements in the patients’ accessibility (all other
conditions being equal) are significant even for smaller
values of a. Just 1% more of GPs’ availability at CHCs
(i.e., « = 0.01 , that is approximately 28 new GPs) would
increase the proportion of covered demand from 47% (AS-
IS) to 53%. A higher gain (+25%) is derived when o = (.20,
which is about 563 new GPs.

The above results change significantly when the projected
values for supply and demand are considered. For o = 0.01,
the proportion of covered demand reduces to 40% in 2026. In
practice, the corresponding availability of GPs at CHCs would
not be sufficient to sustain the current accessibility conditions
due to the expected incumbent effects of population aging and
the reduction in the number of GPs at the existing locations.
Such a decrease would be more severe in the long term. Note
that the proportion of covered demand would be equal to 28%
and 17% in 2031 and 2036, respectively.

Nevertheless, leveraging the availability of GPs at CHCs
is a viable option to counterbalance these trends. Clearly, the
impact of these interventions is strongly dependent on the length
of the decision-maker’s planning horizon. While between 1%
and 5% of the current availability of GPs would be enough to
ensure (and improve) the AS-IS accessibility conditions by
2026, this value would be in the ranges [5%, 10%] and [10%,
20%] for 2031 and 2036. In other words, to prevent healthcare
accessibility in the region from worsening, the availability of
28 to 140, 140 to 280, and 280 to 560 additional GPs would
be needed in the projected scenarios. Besides, observe that
all the displayed lines are concave. As our results reveal, the
increase in regional coverage is less than proportional w.r.t. the
additional capacity «. Moreover, they verify the diminishing
returns principle, as the marginal increase in coverage declines
by « (at least, for the chosen test values).

A more in-depth evaluation is provided in Table 5,
which reports, for each year and value of «, the propor-
tion of covered demand by degree of urbanization. In
addition, the column titled “ac = 0” shows the changes
in such proportions if no actions are taken, i.e., no addi-
tional GPs are made available at CHCs. Here, it is use-
ful to recall the following conditions: (i) parameter Q¢
indicates the maximum temporal availability of GPs that
can be (re-)allocated to CHCs, and (ii) we define Q*°* as
a percentage « of the current weekly availability of GPs
in the region. Thus, o = 0 implies that Q™" = 0, and this
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Fig.5 Results for model M1: proportion of
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Table 5 Results for Strategy 1 (model M1): proportion of covered demand by the Degree of Urbanization (DU), «, and scenario (year)

Scenario (year) DU a=0 a=0.01 a = 0.05 a=0.10 a=0.20 o — 400
2021 Urban 54% 65% 77% 89% 94% 97%
Intermediate 49% 57% 69% 76% 80% 82%
Rural 36% 38% 39% 40% 41% 42%
Piedmont 47% 53% 63% 69% 72% 74%
2026 Urban 33% 45% 68% 83% 93% 97%
Intermediate 34% 41% 55% 67% 75% 77%
Rural 28% 32% 34% 35% 36% 38%
Piedmont 32% 40% 52% 62% 68% 1%
2031 Urban 20% 20% 59% 76% 90% 97%
Intermediate 23% 35% 41% 56% 1% 75%
Rural 19% 26% 26% 27% 30% 32%
Piedmont 21% 28% 41% 53% 64% 68%
2036 Urban 6% 6% 36% 66% 79% 91%
Intermediate 14% 23% 30% 39% 65% 1%
Rural 12% 19% 21% 22% 25% 28%
Piedmont 12% 17% 29% 41% 57% 64%

forces the g-variables to be 0 (see Constraints (M1.3)).
As a result, the percentages found in Table 5 under the
“a = 0 column” indicate the current and projected acces-
sibility conditions if the CHCs are not operating. Note
that the latter correspond to those already shown in Sec-
tion 3, which we consider as reference values to assess
the contribution of CHCs. Clearly, they are equal to the
AS-IS values for the 2021 scenario. The cells showing
percentages higher than or equal to those in the AS-IS
scenario (i.e., 54%, 49%, 36%, and 47% for urban, inter-
mediate, rural areas, and the entire Piedmont region,
respectively) are also highlighted in bold. Thus, Table 5
ultimately illustrates the total availability/number of GPs
needed at CHCs to preserve or improve patients’ acces-
sibility in each considered scenario (year).

We observe that accessibility improvements are far more
noticeable in urban areas than in rural ones. This fact is con-
sistent with objective function (M1.1), which maximizes
the number of patients reaching the accessibility target, and
hence is expected to produce more significant impacts in
densely populated zones. However, our results also suggest
that GP allocation decisions may exacerbate inequalities in
the accessibility of primary care services. This is evident in
the differences between the reported values for urban and
rural areas in the AS-IS and future scenarios. This is pos-
sibly because the identified locations for CHCs, which are
mainly distributed in urban areas, do not allow for an ade-
quate compensation of accessibility deterioration in rural
contexts. Such hypothesis is confirmed upon observing
that the model always tends to achieve the highest possible
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proportions of demand covered in rural areas, correspond-
ing to the percentages of patients residing within d* =5
km from a CHC, and reported in the last column of Table
5 “a — +00™). This suggests that while the role of CHCs
is undoubtedly crucial to reinforce territorial medicine in
the mid-to-long term, alternative solutions (e.g., identifying
new locations for CHCs, allocating new GPs to the existing
workplace locations) are needed if a more equitable plan-
ning of health resources is sought.

4.2 Strategy 2 - Capacity redistribution

We now assume that reallocating GPs from their current
locations to CHCs is the only viable decision available to
the decision-maker to improve patients’ accessibility. In
practice, for this case, we are assuming that no additional
service hours (thus, no new GPs) can be allocated to the
CHC:s. Thus, the problem consists of identifying the optimal
temporal availability of GPs at CHCs by redistributing GPs
from their current locations in order to maximize the num-
ber of patients reaching the target accessibility level A*.
The Piedmont healthcare system (like all other regional Ital-
ian systems) is divided into LHAs, to which GPs belong and
where they can provide primary healthcare services. LHAs
are also responsible for GPs’ service provision and are in
charge of ensuring minimum assistance levels to patients.
To this end, the national regulation foresees the possibility
of LHAs having to evaluate and implement changes to GPs’
locations to better organize territorial care services [39].
Therefore, as an additional practical condition, we consider
that GPs can only be reallocated to CHCs within the same
LHA.

To model the problem, let us denote by I; [l;] the LHA
location j [CHC k] belongs to. Accordingly, for each origi-
nal GP location j € J, we denote by N; the subset of CHCs
in which reallocation decisions are forbidden, i.e., those
belonging to a different LHA (N; = {k € K : 1 # li.}).
We also introduce the following two decision variables: (i)
A, indicating the amount of GPs’ availability reallocated
from the original location j € J to CHC k € K, and (ii) w;»,
accounting for the residual availability of GPs at original
locations j € J, resulting from the redistribution decisions.

The corresponding model (M3) can be formulated as
follows:

E U T,

i€l

maximize

(M2.1)

3 This value can also be obtained by testing the model under the
assumption of an extremely high (potentially infinite) hourly avail-
ability of new GPs allocated to CHCs (i.e., @*°"). This motivates the
specific header used, which also facilitates comparison with Strategy
2, as presented in Section 4.2.1—Table 6.
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. w; dk
subject to =+ -
/EZJ Dierd, <dr Ui kEZK Dicreg<ar Wi (M2.2)
> A%, 1e1,
wh = wj — Z Aji jed, (M23)
keK
=) Aje keK, (M4
jeJ
D Ak ws Jeh(M2.5)
kEK
DD Ap<Q (M2.6)
jeJkeK
Aj, =0 jedkenN;, (M2.7)
z; €{0,1} i€l M2.8)
G ), Ay > 0 jedkeK.  (M2.9)

In the above model, objective function (M2.1) is the same
as (M1.1). Constraints (M2.2) have the same meaning as
inequalities (M1.2). Here, however, the first term in the
LHA depends on w;-, i.e., the final availability of GPs at
their original locations j € J. The latter is calculated,
for each location j € J, by subtracting from the original
availability w; the total amount transferred to CHCs (i.e.,
> ke Ajr), as stated by Equalities (M2.3). Variables gy,
already introduced for model M, still denote the avail-
ability of GPs at CHCs k € K, which are now obtained
as the sum of the amounts redistributed from the original
locations J € J (i-e, > c; Ajk, see Equalities (M2.4)).

Constraints (M2.5) are logical conditions expressing that
the total amount of GP availability transferred from each
location j to CHCs cannot exceed the initial availability
therein w;. Constraints (M2.6) define the maximum hourly
availability Q% of GPs that can be reallocated to CHCs.
Constraints (M2.7) forbid GPs’ reallocation from exist-
ing locations j to CHCs not belonging to the same LHA.
Finally, Constraints (M2.8)-(M2.9) give the domains of
the decision variables.

We also remark that model M5 can be used to assess the
effects of GPs’ reallocation in the mid-to-long term. In prac-
tice, the same considerations as model M; apply here (see
the end of Section 4.1) as it is sufficient to use projected
values for both supply (w;) and demand (u;) and resolve
the model accordingly. This way, model M, yields the pro-
portion of demand reaching the target accessibility level at
a given future time period if we ensure, by that time period,
a temporal availability of GPs—redistributed from original

locations J—equal to D "y r Gk = D7 D e i Djk-
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Table 6 Comparison between Strategies 1 and 2 (models M1 and M2): Proportion of covered demand by the degree of brbanization (DU), «, and

scenario (year)

DU Scenario (year) Strategy a=0 a=0.01 a = 0.05 a=0.10 a=0.20 a — +00
Urban 2021 1 54% 65% 78% 89% 94% 97%
2 54% 61% 67% 72% 77% 89%
2026 1 33% 45% 68% 83% 93% 97%
2 33% 42% 50% 60% 67% 82%
2031 1 20% 20% 59% 76% 90% 97%
2 20% 20% 34% 42% 68% 83%
2036 1 6% 6% 36% 66% 79% 91%
2 6% 6% 13% 30% 53% 59%
Intermediate 2021 1 49% 57% 69% 76% 80% 82%
2 49% 58% 70% 74% 74% 78%
2026 1 34% 41% 55% 67% 75% 77%
2 34% 43% 59% 67% 69% 1%
2031 1 23% 35% 41% 56% 1% 75%
2 23% 35% 49% 59% 65% 1%
2036 1 14% 23% 30% 39% 65% 1%
2 14% 22% 39% 50% 63% 69%
Rural 2021 1 36% 38% 39% 40% 41% 42%
2 36% 38% 39% 39% 40% 40%
2026 1 28% 32% 34% 35% 36% 38%
2 28% 32% 34% 35% 35% 35%
2031 1 19% 26% 26% 27% 30% 32%
2 19% 26% 27% 28% 29% 30%
2036 1 12% 19% 21% 22% 25% 28%
2 12% 19% 22% 23% 24% 25%
Piedmont 2021 1 47% 53% 63% 69% 2% 74%
2 47% 53% 60% 63% 65% 70%
2026 1 32% 40% 52% 62% 68% 1%
2 32% 40% 49% 56% 59% 63%
2031 1 21% 28% 41% 53% 64% 68%
2 21% 28% 39% 46% 55% 62%
2036 1 12% 17% 29% 41% 57% 64%
2 12% 17% 27% 37% 49% 54%

4.2.1 Results and comparison between the two strategies

We implement model My by replicating the same experi-
mental setting as for model M; in terms of the test values
used for supply, demand, target accessibility, and values of
Q'°*. For the latter, an a-percentage of the current availabil-
ity is again considered, with o € {0.01, 0.05,0.10,0.20}. In
addition, as with Strategy 1, an experiment with a very high
value of « is also performed (o« — +00)*.

Table 6 shows the obtained results for the proportions of
covered demand by the value of o and degree of urbanization
(DU). We also compare them with those obtained using Strat-
egy I (i.e., model M;). Besides, as in Table 5, cells showing
higher percentages than the AS-IS ones are in bold. For clarity,

4 Recall that choosing a very high value for o means that Constraints
(M2.6) are not binding, i.e., we can potentially reallocate the availability
of all the GPs . To this end, it clearly suffices to set « = 1.00 in the case
of Strategy 2. Nonetheless, we keep the notation “ac — +00” in Table 6
to ensure consistency with the results obtained under Strategy 1.

it is worth highlighting again that & = 0 means that no (re-)allo-
cation decisions are made. Indeed, given our definition of Q*°?,
«a = 0 forces A-variables to equal 0 (see Constraints (M2.6) in
model My). As a result, the percentages found in Table 5 under
the “a = 0 column” must be the same for both strategies as
they indicate the current and projected accessibility conditions
if CHCs are not operating. A similar discussion is provided for
Strategy 1 in Section 4.1.1—under the “Results” subsection.
The interpretation of the results from Strategy 2 follows
that given for Strategy I; therefore, for the sake of brev-
ity, we omit this discussion and focus only on a compara-
tive assessment of the two strategies. The main evidence we
observe is that Strategy 2 performs reasonably well against
Strategy 1 only in the case of reduced availability (number)
of GPs (i.e., for small values of ). Indeed, the performance
gap between the strategies is low only for the smallest
tested value of « (0.01). Gaps increase with «, and larger
differences are observed in urban and intermediate areas, as
well as in the overall Piedmont region, especially in future
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scenarios. In practice, as the percentage of GPs reallocated
increases, the improvements in accessibility for patients liv-
ing close to CHCs do not adequately compensate for the
losses in the proximity of GPs’ original workplace loca-
tions. These results highlight the limitations of sole reallo-
cation decisions, underscoring the need for hiring policies
if certain accessibility levels (the AS-IS ones, in our case)
must be maintained or even improved.

Nevertheless, if we solely focus on Strategy 2, its per-
formance is generally positive, as it would still lead to sig-
nificant improvements in the projected future accessibility
(see the “a = 0” column) for all the tested values of «. This
signifies that GP reallocation decisions are effective for the
envisaged objective. To better understand this outcome, we
now perform an in-depth examination of reallocations in
the produced solutions. Specifically, this additional analy-
sis aims to assess (i) where GPs’ availability is transferred
from, i.e., how much percentage of it comes from urban,
intermediate, and rural areas, and (ii) where such availabil-
ity is transferred to, namely, how much percentage of it is
reallocated to CHCs in urban, intermediate, and rural areas.
The results are summarized in Figs. 6a and b, respectively.

For each solution (i.e., a combination of year and «), Fig.
6a depicts how much of the total capacity transferred (a% of
the current availability of GPs) comes from existing work-
place locations in different urbanized areas. As an example, we
observe that for the year 2021 and a = 0.01, the correspond-
ing reallocated capacity is mainly made up of GPs operating in
rural areas (76.21%—the green bar) and in smaller fractions by
those operating in intermediate (21.21%—the light blue bar)
and urban areas (2.58% —the white bar). As « increases, these
percentages tend to balance, suggesting that as long as small
values of « are considered, it is preferable to move resources
from rural areas. Reasonably, if only a reduced number of GPs
can be reallocated, moving them from less to more densely
populated areas promotes improvements in the overall acces-
sibility conditions. However, this is not always the case. Figure
6b shows the percentages of the total transferred capacity real-
located to (CHCs located in) different urbanized areas. Regard-
less of the year, we generally notice that the model tends to
reallocate GPs’ availability in urban and intermediate-area
facilities, where most of the population and most CHCs are
located. Only in 2036, and for smaller values of « (0.01 and
0.05), we do not see a reallocation toward urban areas. Instead,
higher percentage reallocations are seen for rural areas (bars 16
and 17, in green). In general, accessibility deteriorates signifi-
cantly across the entire region in the long run (i.e., by 2036),
particularly in urban zones (discussed in Section 3.2). When
only a small number of GPs can be reallocated (i.e., lower val-
ues of ), Strategy 2 suggests avoiding their redistribution to
urban CHCs. In urban areas, a larger number of patients live
within shorter distances from CHCs, thus making the impact
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of a limited number of reallocated GPs more pronounced in
rural and intermediate areas. In other words, achieving the
same improvement in the overall regional accessibility would
require reallocating a much higher number of GPs to urban
CHC:s to counterbalance their expected shortages (-39 percent-
age points by 2036—see Table 4, column 5).

In particular, the following aspect emerges as relevant to
our analysis. For each solution, a comparison of the percent-
ages of GPs moved from rural areas (Fig. 6a) and redirected
towards them (Fig. 6b) shows a strongly negative “balance’:
the “outgoing flows” of GPs’ availability are far higher than the
“incoming” ones. Despite this, accessibility improves in rural
areas w.r.t. the AS-IS conditions in 2021 and w.r.t. to the pro-
jected conditions (i.e., those reported under the o = 0 column
in Table 6 for subsequent years). These findings indicate that
Strategy 2 points to more effective use of resources: it high-
lights that the reallocation of GPs provides little to no contribu-
tion to accessibility of CHCs in rural areas, and thus motivates
significant accessibility improvements. The results for urban
and intermediate areas and the overall region follow the same
reasoning, supporting the idea that generalized improvements
are achievable if health resources are pooled where they are
most needed. In practice, Strategy 2 represents scenarios char-
acterized by a high concentration of GPs—from many and
more geographically dispersed locations to fewer and less
geographically dispersed CHCs. However, this geographi-
cal concentration favors better resource utilization and better
accessibility, especially w.r.t. to projected conditions.

In conclusion, notwithstanding the absence of explicit eco-
nomic considerations, the proposed strategies (expansion vs.
redistribution) offer valuable insights for decision-makers to
assess alternative future scenarios of territorial primary care,
given two conflicting objectives: (i) the (expected) gains in
patients’ accessibility against (ii) the corresponding (proxied)
costs of GPs’ (re-)allocation. Our evidence highlights the pres-
ence of significant trade-offs; for instance, for the year 2021
in the Piedmont region (see Table 6), it would be feasible
to address approximately 65% to 72% of the total regional
demand by reallocating 20% (Strategy 2) of the current hourly
availability of GPs or alternatively by allocating this addi-
tional portion specifically to CHCs (Strategy 1). Similar con-
siderations apply to the other cases. Of course, the proposed
models yield two extreme solutions, and more moderate ver-
sions could be obtained through “hybrid” strategies involving
both allocation and reallocation decisions, as we argue next.>

5 To investigate whether focusing on vulnerable populations reveals
different findings, we repeated our analysis for the elderly (i.e., people
aged 65 or older), who represent more than 53% of the population
in the AS-IS scenario. However, the distribution of the elderly across
differently urbanized areas closely resembles that of the overall popu-
lation, resulting in qualitatively and quantitatively similar findings.
Therefore, for the sake of brevity, we decided not to include this analy-
sis in the paper.
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Fig. 6 Analysis of capacity transfers in the solutions produced by Strategy 2 (model M2) across urban, intermediate, and rural areas

4.3 Strategy 3 - Hybridizing capacity expansion and
redistribution decisions

As the last step of our analysis, we assume the decision-
maker can combine capacity expansion and redistribution
elements to optimize healthcare accessibility. In practice,

we devise a “hybrid” strategy where GPs’ capacity alloca-
tion and reallocation decisions are simultaneously in play.
To this end, a simple idea is to consider that the decision-
maker can define beforehand how much of GPs’ availabil-
ity at CHCs should result from each of the two types of
decisions (allocation vs. reallocation). In modeling terms,
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given the total temporal availability Q*°* to be made avail-
able at CHCs, we posit that a predefined percentage of it,
say [, can result from new allocation of GPs decisions and
the rest—(1 — 3) x Q"*—from reallocations of GPs. This
way, [ serves as a weighing factor to account for the number
of GPs and the costs related to allocation and reallocation
decisions (following the interpretation given for parameter
« in Section 4.1.1).

Based on these assumptions, the corresponding model
for Strategy 3, which we call (M3), can be easily derived
from model My as follows:

maximize Z Ui T4, (M3.1)
el -

subject to Z w;- + Z I

jeJ ZiEI:di]Sd* Ui keK Zie]:cmgd* Wi (M32)

> A*l‘i i€l
wh =y =3 A 7€t (M3.3)

keK
a = Aj+ 4 K (M3.4)
JeJ
D A<y P€L T (M3.5)
kEK
Yo G <BxQ, (M3.6)
keK
tot

DD A= (1-8)xQ, (M3.7)
jEJkEK
x; €{0,1} iel, (M3.8)
qk,q,/f,w]’v,Ajk. >0 jeJkeK. (M39)

In the above model, decision variables g; still denote the
availability of GPs at CHC k € K. Note that such quantity
is now obtained, according to Constraints (M3.4), as the sum
of the total availability reallocated in k& from GPs’ existing
locations (3 jed Ajj) and the new GPs’ availability allo-
cated in k (represented by decision variables g;,). Constraint
(M3.6) guarantees that the total new availability of GPs that
can be allocated to CHCs is at most equal to 3 x Q%°*. Simi-
larly, Constraint (M3.7) states that the availability of GPs that
can be reallocated to CHCs cannot exceed (1 — 3) x Q.
Observe that the combination of (M3.6) and (M3.7) implies
that the total availability of GPs at CHCs is bounded by
Q' (i.e., ZjEJ >over Djk + D pex @ < Q™). Finally,
Constraints (M3.9) define the domain of the decision
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variables (including the ¢’-variables). For completeness,
we underline that objective function (M3.1) and Constraints
(M3.2)-(M3.3), (M3.5), (M3.8) have been already defined
for previous models. Hence, their explanation is omitted.

Two main aspects related to the present model need to be
emphasized.

First, we observe that models M; and M, can be
obtained as particular cases of model M3 or, in other
terms, that model M3 generalizes the former. Indeed, if
B =0 (i.e., the decision-maker does not wish to perform
new allocations), all the ¢'-variables must be equal to 0
due to Constraint (M3.6). Accordingly, GPs’ availability
at CHCs is only obtainable via reallocation decisions.
This also makes Constraints (M3.4) and (M3.7) equiva-
lent to (M2.4) and (M2.6), respectively. Hence, we fall
into Strategy 2 as model M3 reduces, in fact, to model Ms.
On the contrary, if 5 =1 (i.e., the decision-maker does
not wish to perform reallocations), all the A-variables
are null due to Constraint (M3.7). In turn, according to
(M3.4), variables ¢ and ¢’ coincide, which implies that the
final availability of GPs at CHCs is only due to new allo-
cations. Under these circumstances, it is straightforward
to see that model M3 reduces to model My, and we there-
fore obtain Strategy I as a particular case of Strategy 3.

Second, we emphasize that each value of 8 € [0, 1] leads
to an intermediate solution between that yielded by Strategy
1 (8 =1) and Strategy 2 (5 = 0). In particular, by increas-
ing /3, we expect solutions with higher demand coverage
as additional capacity allocation is less bounded (and fewer
resources are reallocated from existing locations).

To empirically demonstrate this fact, we tested model M3
for each scenario (year); o = 0.05,0.10, and 0.20; and by
varying (3 € [0, 1] with a pace equal to 0.20. For brevity, we
hereafter report only one case, namely, that corresponding
to year 2031 and a = 0.10. Figure 7 shows the proportions
of covered demand in the Piedmont region produced by
B (dashed line). For comparison, the figure also displays the
proportion of covered demand in the AS-IS scenario (2021),
which is equal to 47% (solid line).

As expected, solutions to model M3 yield higher
demand coverage as [ increases. In particular, the pro-
portion of covered demand equals almost 46% for 8 =0
and about 53% for 5 = 1. Of course, the same values have
been obtained by Strategies 2 and 1, as reported in Table
6. Note that, for 3 =0 — i.e., Strategy 2 — the AS-IS
accessibility conditions are not maintained in the 2031
scenario. In practice, reallocating about 280 GPs (recall
that @ = 0.10 in the analyzed example) would not be suf-
ficient to prevent accessibility from worsening in 2031.
However, in this case, a mix of reallocation and allocation
decisions can lead to accessibility improvements. Indeed,
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Fig. 7 Results for model M3: 54
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for § = 0.20, the proportion of covered demand increases
up to 49%. This means that only 56 new GPs should be
allocated to CHCs, while the rest (224 GPs) should be
reallocated. In addition, we also see that demand cover-
age reaches its maximum value for = 0.60, i.e., if only
60% of the total availability (number) of GPs is newly
allocated to CHCs. Similar evidence is found for the
other test cases. In our view, these findings underscore
the relevance of the proposed hybrid strategy, showcas-
ing its ability to support the decision-making process by
identifying solutions that—by leveraging both capacity
expansion and redistribution actions—either approxi-
mate current accessibility conditions or maximize them
with reduced staffing efforts.

5 Discussion and conclusions

Motivated by the goal of improving primary care, this
paper pursues two main objectives. First, we evaluate the
current and future accessibility of primary care networks
in an Italian region. Second, considering the introduction
of new operating facilities, we propose alternative sce-
narios and strategies to optimize the use of these facilities
(CHCs) and assess their potential impact on accessibil-
ity in the mid-to-long term. Accordingly, we estimated
patients’ accessibility conditions via a tailored 2SFCA
method, relying on census-level data and detailed infor-
mation on GPs (i.e., workplace locations and weekly
schedules/working hours). Besides, we extended this
analysis to mid- to long-term scenarios using projected
trends at both demand and supply levels. Then, in line
with NRPP requirements, we investigated two possible
strategies to maximize patients’ accessibility through

CHCs: one involving the allocation of additional service
hours of GPs at these facilities and the other involving
their redistribution from existing workplace locations. In
addition, a third strategy, which combines both allocation
and redistribution decisions, has also been devised. To
this end, tailored mathematical models are developed and
implemented.

The primary goal of the study was to explore the fea-
sibility of different staffing strategies in light of potential
urban-rural imbalances, thus demonstrating their rea-
sonableness based on resource availability. As such, the
paper’s contributions and intent are primarily strategic in
nature rather than operational or focused on direct sched-
uling or resource allocation. Based on these grounds,
the performed strategic analysis provides the following
implications for practitioners, especially in cases where
future resource constraints and intra-regional disparities
need to be anticipated and mitigated (like that at hand).
First, the estimates on accessibility conditions at the cen-
sus tract level in the region allow for the identification
of the hotspots, i.e., the current and future areas where
interventions are most needed. Second, we use future
estimates of both supply and demand to demonstrate the
relevance and urgency of strategic actions to reinforce
territorial medicine, thus empirically supporting the need
to resort to CHCs as additional primary care facilities.
Third, through a relatively extensive experimental analy-
sis, we show that CHCs are necessary to improve future
patients’ accessibility over the projected scenarios (in
most cases, to a considerable extent). This applies even
when only capacity redistribution is considered (Strategy
2) as a result of more effective utilization of resources.
We also note that such improvements would often be suf-
ficient to preserve the current accessibility levels. Fourth,
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on the basis of the implementation of the devised mathe-
matical models, we compute the lower and upper bounds
in terms of the accessibility achievable by the two “pure”
implemented strategies: new GP allocation decisions
(Strategy 1 - Capacity expansion) and only reallocation
of GPs (Strategy 2 - Capacity redistribution). Estima-
tions of current and future potential accessibility condi-
tions provide insights into the existing trade-off between
allocating new capacity in CHCs and leveraging the cur-
rent sample of GPs to be (partially) relocated into CHCs.
Besides, the implementation of the so-called hybrid
strategy (i.e., Strategy 3) shows that adequately combin-
ing capacity expansion and redistribution actions may
yield organizational solutions that maximize regional
accessibility while limiting new GP staffing. Finally, we
observe that operating CHCs might potentially increase
the disparities in accessibility between urban and rural
areas due to the location decisions taken by the regional
authorities. While they are essential, the currently iden-
tified CHCs are insufficient to attain equity in patients’
accessibility. This underscores the need for exploring
alternative strategies or solutions to realize the policy
objective of achieving equity.

The limitations and insights from our study present
several opportunities for further developments in future
research.

First, our future estimations of accessibility do not
account for varying demand needs, which may depend,
among others, on the level of use of digital technologies.
The advancements in digitalization, exemplified by tele-
medicine, offer numerous advantages to the healthcare
sector, especially in terms of accessibility. The adop-
tion of telemedicine for remote visits has the potential
to bridge the physical gap between patients and GPs,
thus transforming the delivery of primary healthcare
services. Although telemedicine is not extensively uti-
lized for such purposes at present, its future potential is
promising and significant. Consequently, future research
should take this aspect into account, addressing the dif-
ferent needs of patients who still prefer to physically
visit their GPs in ambulatories versus the needs that can
be addressed via a virtual meeting. After an assessment
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of the market penetration of telemedicine for such pur-
poses in the following years, adjustments should be
made to the demand estimates as well as to accessibil-
ity metrics. Similarly, our estimations do not account for
expected distributional changes in the population across
urban and rural areas. Future endeavors should also tar-
get this limitation by assessing how ongoing rural-to-
urban migration trends may impact accessibility.

Second, the proposed models could be refined to
represent more specific strategies for operating CHCs.
Indeed, the goal of this paper is to broadly evaluate the
potential of CHCs in the regional network, and our find-
ings are not intended to serve as prescriptive, directly
implementable solutions. While various assumptions
limit their sufficiency and applicability, they do offer
empirical grounds and ideal benchmarks for evaluating
the potential effects of the envisaged territorial reorga-
nization of primary care. This paves the way for further,
more sophisticated exploration, including the utilization
of more granular data that can offer more operation-spe-
cific directions.

In addition, the revealed trade-off between increasing
the workforce (i.e., hiring new healthcare profession-
als—Strategy 1) and reallocating GPs’ capacity to CHCs
(Strategy 2), along with its impact on accessibility, calls
for a comprehensive evaluation of the associated costs
and benefits of the two distinct strategies [6]. While
our results support strategic decision-making by reveal-
ing the potential effects of the stratgies on accessibility,
assessing their economic sustainability (i.e., affordability
and actual applicability) and welfare implications require
further investigation.

Finally, it may also be worthwhile to undertake a com-
parative analysis by extending our investigation to mul-
tiple regional case studies. Indeed, given the generality of
our methodological approach (i.e., the 2SFCA method and
the strategies/models), we consider the extension of our
approach to other regional Italian cases—or even to coun-
tries with similar organizational models—as a promising
research direction to compare our findings and possibly
frame them within the territorial and structural features of
the specific health system at hand.
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Appendix A: Notation
Table 7 reports the mathematical notation used in the

manuscript.

Table 7 Mathematical notation (Note: GPs—General Practitioners;
CHCs—Community Healthcare Centers; LHA—Local Health Author-

ity)
Notation Description
Sets
1 set of patients’ nodes, indexed by i
J set of existing GPs’ workplace locations, indexed
by
K set of CHCs locations, indexed by k&
General parameters
w; demand of doctor visits in node 7 € [
w; GPs’ availability at location j € J
di Qistance from patient location ¢ € I to location
jedJ
L1, L LHA of patient i, location j, and CHC k
Cin distance from patient location ¢ € I to CHC k € K
pe threshold distance defining the size of the catch-
ment areas
R; supply-to-demand ratio at location j € J
A, accessibility score of node i € I
i average accessibility score
A* accessibility threshold
* fraction of patients with accessibility at least equal
v(A%) o A*
o
Strategies-related sets and parameters
N; set of CHCs to which reallocations from location j
are forbidden (Strategies 2 and 3)
kain minimum GPs’ availability to be allocated at CHC
k € K (Strategy 1)
max maximum GPs’ availability that can be allocated at
k CHC k € K (Strategy 1)
Qtet maximum GPs’ availability that can be allocated to
CHCs (4!l Strategies)
o fraction of GPs’ availability that can be allocated to
CHCs (4!l Strategies)
B percentage of Q%°* resulting from new allocations
(Strategy 3)
Decision variables
z; € {0,1} equal t.0 ‘l.ifpatient node i.is “covered”, i.‘e., reaches
accessibility A*, 0 otherwise (4/I Strategies)
ar >0 GPs’ availability at CHC k € K (All Strategies)
Ajr >0 GPs’ availability reallocated from location j € J to
CHC k € Nj (Strategies 2 and 3)
wj >0 residual GPs’ availability at location j € J follow-

ing reallocation decisions (Strategies 2 and 3)

GPs’ availability at CHC k € K resulting from
allocation decisions (Strategy 3)
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