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Abstract: In the following article, we analyse the determinants of the number of physicians in the context of 

ISTAT BES-Benessere Equo Sostenibile data among twenty Italian regions in the period 2004-2022. We apply 

Panel Data with Random Effects, Panel Data with Fixed Effects, and Pooled OLS-Ordinary Least Squares. We 

found that the number of Physicians among Italian regions is positively associated, among others, to “Trust in 

the Police and Firefighters”, “Net Income Inequality”, and negatively associated, among others, to “Research and 

Development Intensity” and “Soil waterproofing by artificial cover”. Furthermore, we apply the k-Means algorithm 

optimized with the Silhouette Coefficient and we find the presence of two clusters. Finally, we confront eight 

different machine-learning algorithms to predict the future value of physicians and we find that the PNN-

Probabilistic Neural Network is the best predictive algorithm.  

Keywords: analysis of health care markets; health behaviors; health insurance; public and private; 

health and inequality; health and economic development; government policy � regulation � public 

health 

 

JEL CODE: I11, I12, I13, I14, I15, I18 

1. Introduction-Research Question 

In the following article we analyze the value of physicians for 1000 people-PHY in the Italian 

regions between 2004 and 2022. The data used refer to the ISTAT-BES database. The Covid 19 

pandemic has highlighted the centrality of the value of PHY for the efficiency and resilience of 

national health systems. However, we have chosen to consider the value of PHY in connection with 

the ISTAT-BES variables, i.e. a set of variables that are able to capture social, environmental and 

governance elements, as well as mere economic analysis. We therefore tried to verify whether the 

value of PHY in the Italian regions tends to change with the presence of a set of socio-economic, 

environmental and governance variables. In fact, it is very probable that changes in social capital, in 

trust in institutions, as well as in respect for the environment, as well as modifications in income 

inequality and per capita income could have an impact on the determination of the number of PHY. 

Our analysis therefore also fits into the context of ESG-Environmental, Social and Governance 

studies, in application of the UN SDGs-Sustainable Development Goals principles. The article 

continues as follows: the second section briefly analyzes the scientific literature, the third section 

presents the econometric analysis, the fourth section contains the clustering with k-Means algorithm, 

the fifth section presents the prediction with machine learning algorithms, the sixth section 

concludes. The appendix contains further tables, graphs and statistical results. 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.
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2. Literature Review 

Below we analyze some articles relating to the scientific literature that afford the question of the 

role of physicians for 1000 people in three contexts: during the covid-19, as a tool for developing the 

health system and in relations with economic growth at the country level. 

Physicians and Covid-19. The pandemic has put a strain on the health systems of both high-income 

and low-income countries. Every country during the pandemic has discovered its weaknesses in the 

health system. The countries with a greater number of physicians per 1000 people have had a greater 

capacity to respond appropriately to the Covid 19 pandemic. However, some countries such as South 

Korea, for example, have managed to make up for the lack of physicians with the use of new 

technology, with good results. African and Asian countries, on the contrary, have had problems both 

in implementing new technologies to fight the pandemic and in offering the population an adequate 

level of medical care. The level of physicians for 1000 people is an essential variable to evaluate ability 

of the national health care system to react to extreme events such as the Covid-19 pandemic. In 

Europe there are 1,8 millions of physicians, on average there are 3.6 physicians per 1000 people; 55% 

of physicians in Italy are over 55 years old. The Covid-19 pandemic has showed the fragilities of the 

European healtcare system [1]. In Israel there are 3.3 physicians per 1000 people, a number that has 

helped the country to react appropriately during the Covid-19 pandemic [2]. South Korea has a lower 

number of physicians for 1000 people in respect to Italy; nonetheless South Korea has perfomed better 

then Italy during the Covid-19 pandemics thanks to the massive application of digital technology as 

a tool for public health [3]. The number of physicians and non-physicians providers in African 

countries during the pandemics has been equal to 2.42 per 100,000 people [4]. During the pandemic 

the average value of physicians per 1000 people was 1.81 at world level [5]. The number of physicians 

for 1000 people in Asia is insufficient to face healthcare crisis as in the case of the Covid-19 pandemic 

[6]. During the Covid-19 pandemic the number of physicians for 1000 people in the Democratic 

Republic of Congo was 0.1, an insufficient number that has worsened the strenght of the country in 

reacting to the pandemic [7]. The number of physicians for 1000 people has had little predictive power 

in preventing the worsening of the efficienty of healthcare systems during the Covid 19 pandemic 

[8]. The shortage of physicians in rural areas of Kansas has worsened the reaction of the healthcare 

system to react to Covid 19 pandemic [9]. The number of physicians for 1000 people is negatively 

associated to the Case Fatality Rate-CFR in the case of Covid 19 [10].  

Physicians and the performance of healthcare sector. The number of physicians per 1000 people has 

a broader impact on the efficiency of the national health system. Some countries that have a higher 

number of physicians per 1000 people also have a better chance of fighting diseases or of promoting 

technological innovation in the health sector. The number of physicians per 1000 people is therefore 

an essential element to allow the successful application of both basic and advanced health economic 

policies thanks to the application of digital technologies and new discoveries in the medical-scientific 

field. The number of the physicians for 1000 people is an essential variable to estimate the efficiency 

of the healthcare sector in China [11]. There are 0.19 physicians for 1000 people in Malawi, while the 

World Health Organization-WHO prescribes at least 2.5 physicians for 1000 people [12]. Canada has 

2.8 physicians for 1000 people; this number is considered insufficient to implemenet efficiently high-

tech tools as requested in the telemedicine, especially in comparison with other countries such as 

Germany, Switzerland and Scandinavian countries, which have a greater number of physicians for 

1000 people [13]. The increase in the number of physicians for 1000 people is negatively associated to 

the level death rate for rotavirus [14]. The shortage of physicians and healthcare workers in Africa 

can be associated to the lack of medical education and medical schools’ capacity i.e. a condition that 

negatively contribute to the increase of healthcare system in the continent [15]. The increase in the 

number of physicians for 1000 people is insufficient to reduce infant mortality in Bangladesh [16]. 

The increase of physicians for 1000 people is positively associated with the probability of being 

treated and controlled for cardiovascular disease in a set of 44 lower and middle income countries 

[17]. Due to the insufficient number of physicians per 1000 people in India, patients refers to 

pharmacy for medication creating the necessity to provide extra-skills for pharmacy employees [18].  
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Physicians and economic growth. The growth in the number of physicians per 1000 people is 

positively connected with economic growth. The relationship between PHY and economic growth 

can be better understood considering that physicians represent a highly qualified human capital. The 

economies that tend to increase human capital are also those that are more likely to develop the 

knowledge economy and therefore to access higher levels of per capita income and the production of 

added value. The growth in the number of physicians per 1,000 people therefore indicates the 

transition of the economies to the advanced tertiary sector and therefore to the ranks of countries 

with increasing per capita income. The number of physicians for 1000 people is positively associated 

to economic growth at world level [19]. The increase of the number of physicians is positively 

associated to economic growth in a set of 185 countries in the period 2006-2015; furthermore the effect 

of the increase in the number of physicians on economic growth is greater then the impact of foreing 

direct investments and access to electricity [20].  

Literature Review by Macro-Themes  

Physicians and Covid-19 [1–10] 

Physicians and the performance of healthcare sector [11–18] 

Physicians and economic growth [19,20] 

3. The Econometric Model for the Estimation of the Socio-Economic Determinants of Physicians 

Among Italian Regions  

Below we estimated the value of physicians through the application of a set of econometric 

techniques, namely: Panel Data with Fixed Effects, Panel Data with Random Effects, and Pooled OLS. 

The data used refer to the ISTAT-BES database. The data refers geographically to the 20 Italian 

regions, and temporally to the period between 2004 and 2020. In particular, we have estimated the 

following equation: 𝑷𝑯𝒀𝒊𝒕 = 𝜶𝟏 + 𝜷𝟏ሺ𝑵𝑰𝑰ሻ𝒊𝒕 + 𝜷𝟐ሺ𝑬𝑺𝑭ሻ𝒊𝒕 + 𝜷𝟑ሺ𝑻𝑷𝑭ሻ𝒊𝒕 + 𝜷𝟒ሺ𝑾𝑷𝑹ሻ𝒊𝒕+  𝜷𝟓ሺ𝑫𝑴𝑾𝑵ሻ𝒊𝒕 + 𝜷𝟔ሺ𝑺𝑾𝑨𝑪ሻ𝒊𝒕 + 𝜷𝟕ሺ𝑹𝑫𝑰ሻ𝒊𝒕 + 𝜷𝟖ሺ𝑹𝑰𝑼ሻ𝒊𝒕+ 𝜷𝟗ሺ𝑺𝑾𝑼𝑪ሻ𝒊𝒕 𝒊 = 𝟐𝟎; 𝒕 = [𝟐𝟎𝟎𝟒; 𝟐𝟎𝟐𝟐] 
We found that the level of physicians is positively associated to: 

• TPF: it is the average score of confidence in the Police Forces and Fire Brigades (on a scale of 0 

to 10) expressed by people aged 14 and over. Data shows that the prevalence of physicians 

increases as trust in law enforcement and firefighters increases. In fact, if we consider the value 

of PHY and TPF in 2021 we can see that the countries that are in the first places in terms of TPF 

value also have high PHY values such as Emilia Romagna which has a TPF value of 7, 7 and 

PHY equal to 4.4, Umbria with a TPF value equal to 7.7 and PHY equal to 4.4, Liguria with TPF 

equal to 7.6 and PHY equal to 4.7, Friuli Venezia Giulia with TPF equal to 7.6 and PHY equal to 

4. It follows that the countries where the population has greater respect for the forces of order 

also have a higher number of physicians. In this case, the TPF variable can be understood as the 

population's ability to comply with the laws or as a manifestation of the Rule of Law. 

Notoriously, the growth in the value of Rule of Law is also a tool capable of increasing economic 

development, economic growth with beneficial effects also on human capital and therefore on 

high-profile professions, such as, for example, in the case of physicians. 
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Figure 1. Relationship between PHY and TPF in 2021. Source: ISTAT-BES. 

• NII: is the ratio between the total equivalent income received by the 20% of the population with 

the highest income and that received by the 20% of the population with the lowest income. There 

is a positive relationship between the NII value and the PHY value. The regions in which there 

is greater inequality are also those, which have the greatest PHY value. For example, considering 

the year 2020 we can see that the regions that have high NII levels also have high PHY levels 

such as Sicily which has a NII value of 7.5 and a PHY value of 4.3 , Sardinia which has a NII 

value equal to 6.1 and PHY equal to 4.8, Lazio with a PHY value equal to 6 and NII equal to 4.7, 

Liguria with NII equal to 5.8 and PHY equal to 5.8. Ratio between the total equivalent income 

received by the 20% of the population with the highest income and that received by the 20% of 

the population with the lowest income. There is a positive relationship between the NII value 

and the PHY value. The regions in which there is greater inequality are also those, which have 

the greatest PHY value. For example, considering the year 2020 we can see that the regions that 

have high NII levels also have high PHY levels such as Sicily which has a NII value of 7.5 and a 

PHY value of 4.3, Sardinia which has a NII value equal to 6.1 and PHY equal to 4.8, Lazio with 

a PHY value equal to 6 and NII equal to 4.7, Liguria with NII equal to 5.8 and PHY equal to 5.8. 

There are economic reasons that could motivate the fact that the regions where there is less 

inequality, which are also the regions with higher per capita income, have fewer physicians. In 

fact, regions where there is less inequality are more dynamic from an economic point of view 

and it is likely that the population chooses career paths different from those of medical science. 

In fact, in the most dynamic economies, it is highly probable that there are many professionals, 

entrepreneurs and managers who can easily exceed the income of physicians. The population 

residing in regions with lower inequality and higher per capita income therefore has fewer 

incentives to invest in the arduous course of study necessary to become physicians. Conversely, 

in regions where there is greater inequality, which are also the poorest regions in terms of per 

capita income, there is likely to be more incentive to move towards the medical profession, 

which is considered relevant from an income point of view. 
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Figure 2. Relationship between PHY and NII in 2020. Source: ISTAT-BES. 

• WPR: it is the percentage of women elected to the Senate of the Republic and the Chamber of 

Deputies out of the total of the elect. Senators and deputies elected in foreign constituencies and 

senators are excluded from life. There is a positive relationship between the WPR value and the 

PHY value in the Italian regions in the period between 2004 and 2022. In fact, if we look at the 

regions that have the highest level of WPR in 2022, we can see that they also have high levels of 

PHY, for example Friuli Venezia Giulia with a WPR value equal to 50 and a PHY value equal to 

4.2, Emilia Romagna with a WPR value equal to 48.8 and a PHY value equal to 4.6, Sicily with a 

WPR value of 39.6 and a PHY value of 4.5, Abruzzo with a WPR value of 38.5 and a PHY value 

of 4.6, Tuscany with a WPR value equal to 36.1 and a PHY value equal to 4.7 and an Umbria 

with a WPR value equal to 33.33 and a PHY value equal to 4.7. 

• ESF: represents the families who declare that their economic situation has worsened or 

significantly worsened than to the previous year. There is a positive relationship between the 

ESF value and the PHY value. Specifically we see that countries that have high values in terms 

of ESF also have a high value of PHY. In fact, if we consider the ranking of Italian regions by ESF 

value, we can see that the regions that have high levels of ESF also have high levels of PHY. For 

example in 2022, the ESF value in Abruzzo was equal to an amount of 38.7 with a PHY value 

equal to 4.60, Sicily with an ESF value 38.7 and a PHY value equal to 4, 50, Sardinia with ESF 

equal to 38.4 and PHY equal to an amount of 5.00, Tuscany with an ESF amount equal to 37.9 

and a PHY value equal to an amount of 4.70. The regions of Italy where families suffer the most 

also have a higher number of physicians per 1,000 inhabitants. 
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Figure 3. Relationship between PHY and ESF in the Italian regions. Source: ISTAT-BES. 

• PU: is the percentage of recent graduates enrolling for the first time in university in the same 

year in which they obtained their upper secondary school diploma (specific cohort rate). 

Students enrolled in Higher Technical Institutes, Institutes of Higher Artistic, Musical and Dance 

Training, Higher Schools for Linguistic Mediators and at foreign universities are excluded. There 

is a positive relationship between the PU value and the PHY value in the Italian regions between 

2004 and 2022. In fact, if we look at the ranking of the regions by PU value, we notice that they 

also have high PHY values in 2020 For example Umbria has a PU value equal to an amount of 

61.1 and a PHY value equal to 4.4, Molise has a PU value equal to 59.5 and a PHY value equal to 

4 ,1, Abruzzo has a PU value of 59.1 and a PHY value of 4.2, Liguria has a PU value of 58.1 and 

a PHY value of 4.5, Tuscany with a PU value of 55.9 and a PHY value of 4.4. We note that the 

Italian regions with the highest per capita income have low average PU values. For example: 

Trentino Alto Adige has a PU value equal to an amount of 35.2, Friuli Venezia Giulia 55.3, Veneto 

52.7, Piedmont and Lombardy 55.7. It is highly probable that the regions that have higher per 

capita incomes have a reduced PU value due to the presence of a labor market that offers young 

people good alternatives to studying. On the contrary, in regions with medium-low per capita 

incomes, access to university is considered necessary due to the lack of valid alternatives in the 

labor market for young people. Obviously, this dynamic is also reflected in the number of 

physicians who tend to decrease with the increase in per capita income and the reduction in the 

value of PU. 
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Figure 4. Relationship between PU and PHY in 2020. 

• RIU: is the percentage of people aged 11 and over who have used the Internet at least once a 

week in the 3 months preceding the interview. There is a positive relationship between the RIU 

value and the PHY value. In fact, if we look at the ranking of regions by RIU value in 2022, we 

can see that the regions that have high levels of RIU also have high levels of PHY. For example, 

Lombardy has an RIU value of 80.1 and a PHY value of 4, Emilia Romagna has an RIU value of 

78.7 and a PHY value of 4.6, Friuli Venezia Giulia has an RIU value of 78.5 and a PHY value of 

4.2, Liguria has a value of 76.4 and a PHY value of 4.8, and Tuscany with a value of RIU with 

76.4 and a PHY value of 4.7. 
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Figure 5. The positive relationship between PHY and RIU in 2022. 

• DMWN:  is the percentage of the total volume of total water losses in municipal drinking water 

distribution networks (difference between the volume introduced into the network and the 

volume dispensed authorized) on the total amount of water introduced. There is a positive 

relationship between the DMWN value and the PHY value. This relationship can be understood 

by considering, for example, the ranking of Italian regions by DMWN value in 2020. Regions 

that have high levels of DMWN also have high levels of PHY. For example: Abruzzo has a 

DMWN value of 59.8 and a PHY value of 4.2, Sicily has a DMWN value of 52.5 and a PHY value 

of 4.3, the Molise has a DMWN value of 51.8 and a PHY value of 4.1, Sardinia has a DMWN 

value of 51.3 and a PHY value of 4.8, Lazio has a of DMWN equal to 49.7 and a PHY value equal 

to 4.7, Umbria has a DMWN value equal to 49.1 and a PHY value equal to 4.4. Regions with high 

DMWN values are regions with low average per capita incomes. Regions that have medium-

low per capita incomes also have a declining PHY value. The reason is connected to the low 

efficiency of the regions that have high values of DMWN and PHY. 
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Figure 6. Relationship between PHY and DMWN in Italian regions. Source: Istat-BES. 

We also found that the level of physicians is negatively associated to:  

• SUWC: is the percentage of the population residing in the municipalities with separate waste 

collection greater than and equal to 65%. There is a negative relationship between the SUWC 

value and the level of PHY. In fact, we can see that in the ranking of regions by SUWC value 

there are many regions that have low average PHY values. For example, Veneto has a SUWC 

value equal to an amount of 88.8 and a PHY value equal to 3.6, in the Marches the SUWC value 

is equal to an amount of 85.6 and a PHY value equal to a value of 3.9, Trentino Alto Adige with 

a SUWC value equal to an amount of 83.7 and a PHY value equal to 3.4, Valle d'Aosta with a 

SUWC value equal to 83.7 and a PHY value equal to 3.7, Lombardy with a SUWC value equal 

to 76.2 and a PHY value equal to 3.8 units. Separate collection tends to be higher within regions 

that have higher per capita income. These regions with high per capita income also have 

medium-low values in terms of the presence of physicians. This relationship could be because 

the Rule of Law is higher in regions with medium-high per capita income. Furthermore, the 

greater efficiency of the labour market could induce many young people to seek out 

remunerative professions other than those connected with medical science. 
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Figure 7. Relationship between PHY and SUWC in 2021. Fonte: ISTAT-BES. 

• SWAC: is the percentage of sealed soil on the total area. There is a positive relationship between 

the PHY value and the SWAC value in 2021. Countries that have a high SWAC level also have a 

high PHY level such as for example Lombardy with a SWAC value of 12.37 and a PHY value of 

3.8, followed by Veneto with a SWAC value of 11.93 and a PHY value of 3.6, Campania with a 

SWAC value of 20.54 and a PHY value equal to 3.9, Puglia with a SWAC value equal to 8.2 and 

a PHY value equal to 3.9, Piedmont with a SWAC value equal to 6.98 and a PHY value equal to 

an amount by 3.7.  

• RDI: is the percentage of expenditure on intramural research and development carried out by 

companies, public institutions, universities (public and private) and by the non-profit sector on 

GDP. Expenditure and GDP are considered in current millions of euros. There is a negative 

relationship between the value of SI and the value of PHY. Regions that spend more on R&D 

have fewer PHY. In fact, we note that there are many regions in which the RDI value is high 

while the PHY value is low, as an example, in 2020: Piedmont with RDI equal to 2.33 and PHY 

equal to 3.7, Friuli Venezia Giulia with RDI equal to 1.74 and PHY equal to 3.9, Veneto with RDI 

equal to 1.38 and PHY equal to 3.5, Lombardy with RDI equal to 1.5 and PHY equal to 3.7, 

Campania with RDI equal at 1.34 and PHY equal to 3.8, Trentino Alto Adige with an RDI value 

equal to 1.21 and a PHY value equal to 3.3. The regions that invest more in terms of research and 

development are the same ones that also have a higher per capita income, a more efficient labor 

market and a lower number of physicians. 

In summary, we can note that the distribution of physicians in the Italian regions tends to be 

greater in the central-southern regions than in the central-northern regions. This result may appear 

paradoxical and counterfactual. In fact, the presence of physicians should grow with per capita 

income, as with per capita income, expenditure on health and the incentives offered to people who 

undertake a training course in the medical field should also grow. However, the opposite happens. 

This particular distribution of Italian physicians among regions who tend to grow with the reduction 

of per capita income also explains some phenomena such as for example the positive relationship 

between PHY and ESF and between PHY and NII. The number of physicians grows with the poverty 

of families and with income inequalities precisely because the concentration of physicians tends to 
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be greater in the central-southern regions, that have low per capita income, and tends to be reduced 

in the central-northern ones, which have high per capita income. 

4. Rankings, Variations and k-Means Clusterization of PHY   

Below we analyse the distribution of physicians in the Italian regions, also analysing the inter-

period variations and proposing clustering with the k-Means algorithm. Such an analysis is needed 

to understand regions with high numbers of physicians and to identify rates of change and clustering 

across regions. 

Ranking of the Italian regions by value of PHY in 2022. In 2022, Lazio and Sardinia were in first place 

for PHY value with a value of 5, followed by Liguria with 4.8. In the middle of the ranking are Friuli 

Venezia Giulia and Molise with a value of 4.2 and Lombardy with an amount of 4. Veneto closes the 

ranking with 3.5 and Trentino Alto Adige and Basilicata with 3.5. In 2022, the average number of 

PHY in the Italian regions was 4.17. 

Ranking of the Italian regions by value of the percentage change in the PHY value between 2004 and 2022. 

Trentino Alto Adige is in first place by value of the percentage change in the PHY value between 2004 

and 2022 with an amount equal to +16 .67% equal to +0.5 units, followed by Veneto with an amount 

of +15.63% equal to 0.5 units and by Emilia Romagna with a value equal to +15.00% equal to 0.6 units 

. In the middle of the ranking are Liguria with an amount of +11.63% equal to 0.5 units, followed by 

Puglia with a value of 11.11% equal to 0.4 units, and Friuli Venezia Giulia with a value of +10.53% 

equal to 0.4 units. Basilicata closes the ranking with a value of +2.94% equal to 0.1 unit, followed by 

Valle d'Aosta with +2.78% equal to 0.1 unit and Calabria with a change equal to 0.00 %. On average 

between 2004 and 2022, the value of PHY in the Italian regions grew by 10.20% or by an amount equal 

to 0.39 units. 

Trend of the PHY value in the Italian macro-regions between 2004 and 2022. Considering the Italian 

macro-areas in 2022 we can see that in first place for PHY value is Central Italy with 4.8, followed by 

Insular Italy with 4.7, from Southern Italy with 4.2, North East with 4.1, North with 4, North West 

with 4, South with 4. Considering the rates of change between 2004 and 2022 we can note that the 

macro-region that has grown the most is the North East with a value of +13.88% equal to 0.5 units, 

followed by Central Italy with +11.62% equal to 0.5 units, by the North with +11.11% equal to 0.4 

units, from the North West with +11.11% equal to 0.4, from insular Italy with +9.3% equal to 0.4, from 

the South with +8, 1% equal to 0.3 and from Southern Italy with +7.69% equal to 0.3 units. On average, 

the value of PHY grew in the Italian macro-regions by an amount equal to 10.37%, equal to 0.4 units. 

K-Means clusterization optimized with the Silhouette Coefficient. Below we present a clustering with 

k-Means machine learning algorithm optimized with the Silhouette coefficient. The data show the 

presence of two clusters, namely: 

• Cluster 1-C1: Umbria, Liguria, Sicily, Tuscany, Lazio, Sardinia, Abruzzo, Emilia Romagna, 

Molise; 

• Cluster 2-C2: Piedmont, Lombardy, Valle D'Aosta, Marche, Puglia, Basilicata, Veneto, Trentino-

Alto Adige, Campania, Calabria, Friuli Venezia Giulia. 

From the point of view of the ordering of the clusters, it appears that the countries of C1 have a 

median value of PHY equal to 4.7 while the countries of C2 have a median value equal to 3.8. That is, 

the following ordering of the clusters results 𝐶1 = 4.7 > 𝐶2 = 3.8. From a geographical point of view, 

we note that the regions of the Central and insular Italy have higher values of PHY in respect to 

regions of Northern and Southern Italy. The characteristics of the C1 are peculiar. Indeed, the 

northern and southern regions do not have much in common from an economic, political and social 

point of view. It follows that the reasons that can determine a reduction in the value of PHY within 

the regions are different for the North and for the South. In fact, while, on the one hand, in the case 

of the North it is possible to hypothesize that the greater efficiency of the work offers incentives to 

young people to enrol in medical-health study courses, this justification cannot be promoted for 

Southern Italy. The reason for low PHY values in Southern Italy should instead be traced back to a 

general inefficiency of the health and education system, which prevents enrolment in medical-

scientific universities. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 September 2023                   doi:10.20944/preprints202309.0199.v1

https://doi.org/10.20944/preprints202309.0199.v1


 12 

 

 

Figure 8. Clusterization with the application of k-Means algorithm optimized with the Silhouette 

Coefficient. 

5. Machine Learning and Predictions 

Below we compare eight different machine learning algorithms for predicting the future value 

of PHY. Specifically, the algorithms were trained with 70% of the data, while the remaining 30% of 

the data was used for the actual prediction. The algorithms were evaluated according to their ability 

to maximize the R-squared and to minimize the Mean Average Error-MAE, Mean Squared Error-

MSE, and the Root Mean Squared Error-RMSE. Based on the analysis carried out, the following 

ranking of the algorithms by value of the predictive performance results, i.e.: 

• Probabilistic Neural Network-PNN with a payoff value of 4; 

• Artificial Neural Network-ANN with a payoff value of 8; 

• Random Forest Regression with a payoff value of 12; 
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• Tree Ensemble Regression with a payoff value of 16; 

• Simple Regression Tree with a payoff value of 20; 

• Gradient Boosted Tree Regression with a payoff value of 24; 

• Linear Regression with a payoff value equal to 31; 

• Polynomial Regression with a payoff value of 29. 

 

Figure 9. Statistical Errors of the Machine Learning Algorithms. 

Therefore by applying the PNN-Probabilistic Neural Network algorithm it is possible to predict 

the following trend of the PHY value, namely: 

• Valle d'Aosta, with a PHY value predicted to grow from an amount of 3.7 up to a value of 4 or a 

change of +8.1%, equal to 0.3 units; 

• Trentino Alto Adige with a change in PHY predicted to grow from an amount of 3.5 units up to 

an amount of 3.7 units or a change equal to a value of 0.2 units equal to 5.7%; 

• Piedmont with a predicted PHY variation growing from an amount of 3.5 units up to a value of 

3.7 units or equal to a value of 0.2 units equal to +5.7%; 

• Umbria with a change in PHY predicted to grow from an amount of 4.7 units up to a value of 

4.8 units or a change equal to 0.1 units equal to 2.1%. 

There are also 7 Italian regions for which a zero change in the PHY value is predicted, i.e. 

Lombardy, Friuli Venezia Giulia, Marche, Abruzzo, Molise, Puglia, Calabria. Finally, there are 

regions for which the PNN-Probabilistic Neural Network algorithm predicts a reduction in the PHY 

value, i.e.: 

• Basilicata with a diminutive variation from an amount of 3.5 units up to a value of 3.4 units or a 

variation equal to -0.1 units equal to -2.9%; 

• Lazio with a variation from an amount of 5 units up to a value of 4.8 units or a variation equal 

to -0.2 units equal to -4.00%; 

• Sardinia with a variation from 5 units to 4.8 units equal to an amount of -0.2 units equivalent to 

-4.3%; 

• Tuscany with a variation from 4.7 units up to a value of 4.5 units or a variation equal to an 

amount of -0.2 units equal to -4.3%; 

• Campania with a variation from an amount of 4.00 units up to a value of 3.8 units or a variation 

equal to -0.2 units equal to -5.00%; 

• Veneto with a variation from 3.7 units up to an amount of 3.5 units or a variation equal to -0.2 

units equal to an amount of -5.4%; 

• Sicily with a predictive variation decreasing from 4.5 units to 4.2 units or equal to -0.3 units 

equivalent to -6.7%; 
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• Emilia Romagna with a variation from 4.6 units up to 4.2 units or equal to -0.4 units equivalent 

to -8.7%; 

• Liguria with a predicted decrease from an amount of 4.8 units down to a value of 3.7 units or 

equal to a value of -1.1 units equal to -22.9%. 

On average the level of PHY is expected to decrease of -2,49% for the italian regions.  

6. Conclusions 

In this article we have analyzed the value of PHY in the context of ISTAT-BES or the Italian 

version of ESG principles coined in the context of the UN SDGs objectives. The data analyzed refer 

to the 20 Italian regions between 2004 and 2022. The results show that the value of PHY grows with 

social inequalities and with trust for institutions, and decreases with spending on research and 

development and respect for environment. Our analysis shows that the rich regions of Northern Italy 

have a lower PHY value than the regions of Central Italy and Insular Italy. Efficiency of the labor 

market in the northern regions is likely to offer less incentive for young people to embark on a 

difficult career in the medical sector. We then applied the k-Means algorithm optimized with the 

Silhouette coefficient and verified the presence of two clusters. The dominant cluster in the sense of 

PHY comprehend the regions of Central and Insular Italy. Finally we compared eight machine 

learning algorithms for predicting the future value of PHY. The most efficient algorithm in the 

prediction turned out to be the PNN. The PHY value is predicted to decrease by an average value of 

-2.49%. 

Funding: The authors received no financial support for the research. authorship. and/or publication of this 

article. 

Data Availability Statement: The data presented in this study are available on request from the corresponding 

author. 

Acknowledgments: We are grateful to the teaching staff of the LUM University “Giuseppe Degennaro” and to 

the management of the LUM Enterprise s.r.l. for the constant inspiration to continue our scientific research work 

undeterred. 

Declaration of Competing Interest: The authors declare that there is no conflict of interests regarding the 

publication of this manuscript. In addition. the ethical issues. including plagiarism. informed consent. 

misconduct. data fabrication and/or falsification. double publication. 

Software: The authors have used the following software: Gretl for the econometric models. Orange for 

clusterization and network analysis. and KNIME for machine learning and predictions. They are all free version 

without licenses. 

Appendix 

The Econometric Model 

Description. Abbreviation and Source of Variable Used for the Econometric Estimations 

Variables Abbreviation Description Source 

Physicians PHY 
Number of doctors per 1.000 

inhabitants 
IQVIA ITALIA - One-Key Database. 

Passage to 

university 
PU 

Percentage of recent graduates 

enrolling for the first time in 

university in the same year in 

which they obtained their 

upper secondary school 

diploma (specific cohort rate). 

Students enrolled in Higher 

Technical Institutes. Institutes 

of Higher Artistic. Musical and 

Dance Training. Higher 

Ministero dell’Istruzione e del 

Merito. Ministero dell’Università e 

Ricerca 
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Schools for Linguistic 

Mediators and at foreign 

universities are excluded. 

Net income 

inequality 

(s80/s20) 

NII 

Ratio of the total equivalent 

income received by the 20% of 

the population with the 

highest income to that received 

by the 20% of the population 

with the lowest income. 

Istat. Indagine Eu-Silc. 

Economic 

situation of the 

family 

ESF 

Families who declare that their 

economic situation has 

worsened or significantly 

worsened than to the previous 

year. 

Istat. Aspetti della vita quotidiana. 

Trust in the 

police and 

firefighters 

TPF 

Average score of confidence in 

the Police Forces and Fire 

Brigades (on a scale of 0 to 10) 

expressed by people aged 14 

and over. 

Istat. Indagine Aspetti della vita 

quotidiana 

Women and 

political 

representation 

at the local level 

WPR 

Percentage of women elected 

to the Senate of the 

Republic and the Chamber of 

Deputies out of the total 

of the elect. Senators and 

deputies elected in foreign 

constituencies and senators are 

excluded 

life. 

Istat. Elaborazione su dati della 

Camera dei Deputati  

e del Senato della Repubblica. 

Dispersions 

from the 

municipal water 

network 

DMWN 

Percentage of the total volume 

of total water losses 

in municipal drinking water 

distribution networks 

(difference between the 

volume introduced into the 

network and the volume 

dispensed authorized) on the 

total amount of water 

introduced. 

Istat. Censimento delle acque per uso 

civile. 

Waterproofing 

of the land by 

means of an 

artificial cover 

SWAC 
Percentage of sealed soil on 

total land area. 

ISPRA. Consumo di suolo. dinamiche 

territoriali e servizi  

ecosistemici 

Research 

intensity 
RDI   

Percentage of expenditure for 

intramural research and 

development activities carried 

out by companies. public 

institutions. universities 

(public and private) and by the 

non-profit sector on GDP. 

Spending and 

GDP are considered in current 

millions of euros. 

Istat. Indagine sulla R&S nelle 

imprese; Indagine  

sulla R&S nelle organizzazioni non 

profit; Indagine sulla  

R&S negli enti pubblici 
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Regular Internet 

users 
RIU 

Percentage of people aged 11 

and over who have used the 

Internet at least once a week in 

the 3 months preceding the 

interview. 

Istat. Indagine Aspetti della vita 

quotidiana 

Separate urban 

waste collection 

service 

SUWC 

Percentage of population 

residing in municipalities 

with separate waste collection 

greater than and equal to 65%. 

Istat. Elaborazione su dati ISPRA. 

 
 

Model 6: Fixed-effects. using 350 observations 

Included 20 cross-sectional units 

Time-series length: minimum 12. maximum 19 

Dependent variable: A121 

 

  Coefficient Std. Error t-ratio p-value  

const −0.0301893 0.0687238 −0.4393 0.6608  

A3 0.00418928 0.000976088 4.292 <0.0001 *** 

A25 0.0421894 0.0155701 2.710 0.0071 *** 

A32 0.00782171 0.00144713 5.405 <0.0001 *** 

A46 0.503604 0.0106830 47.14 <0.0001 *** 

A48 0.00979874 0.00251496 3.896 0.0001 *** 

A84 0.00127586 0.000739033 1.726 0.0852 * 

A89 −0.0192095 0.00613977 −3.129 0.0019 *** 

A97 −0.267212 0.0620926 −4.303 <0.0001 *** 

A103 0.00271723 0.00124154 2.189 0.0293 ** 

A116 −0.00390315 0.000920547 −4.240 <0.0001 *** 

 
Mean dependent var  2.164857  S.D. dependent var  2.015966 

Sum squared resid  14.81401  S.E. of regression  0.215160 

LSDV R-squared  0.989556  Within R-squared  0.989318 

LSDV F(29. 320)  1045.470  P-value(F)  4.1e-298 

Log-likelihood  56.78444  Akaike criterion −53.56888 

Schwarz criterion  62.16911  Hannan-Quinn −7.501074 

rho  0.770078  Durbin-Watson  0.463657 

 
Joint test on named regressors - 

 Test statistic: F(10. 320) = 2963.61 

 with p-value = P(F(10. 320) > 2963.61) = 0 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 September 2023                   doi:10.20944/preprints202309.0199.v1

https://doi.org/10.20944/preprints202309.0199.v1


 17 

 

Test for differing group intercepts - 

 Null hypothesis: The groups have a common intercept 

 Test statistic: F(19. 320) = 15.7905 

 with p-value = P(F(19. 320) > 15.7905) = 1.41407e-35 

 
 
 

Model 7: Random-effects (GLS). using 350 observations 

Using Nerlove's transformation 

Included 20 cross-sectional units 

Time-series length: minimum 12. maximum 19 

Dependent variable: A121 

 

  Coefficient Std. Error z p-value  

const −0.0401300 0.0853099 −0.4704 0.6381  

A3 0.00413954 0.000964641 4.291 <0.0001 *** 

A25 0.0371710 0.0145211 2.560 0.0105 ** 

A32 0.00797351 0.00143221 5.567 <0.0001 *** 

A46 0.503827 0.0105881 47.58 <0.0001 *** 

A48 0.00986638 0.00248134 3.976 <0.0001 *** 

A84 0.00127264 0.000732959 1.736 0.0825 * 
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A89 −0.0188749 0.00605266 −3.118 0.0018 *** 

A97 −0.235008 0.0566436 −4.149 <0.0001 *** 

A103 0.00274260 0.00123441 2.222 0.0263 ** 

A116 −0.00416670 0.000900231 −4.628 <0.0001 *** 

 
Mean dependent var  2.164857  S.D. dependent var  2.015966 

Sum squared resid  30.65605  S.E. of regression  0.300275 

Log-likelihood −70.48543  Akaike criterion  162.9709 

Schwarz criterion  205.4081  Hannan-Quinn  179.8624 

rho  0.770078  Durbin-Watson  0.463657 

 
 

 'Between' variance = 0.0493325 

 'Within' variance = 0.0423258 

 mean theta = 0.78315 

Joint test on named regressors - 

 Asymptotic test statistic: Chi-square(10) = 29907.5 

 with p-value = 0 

 

Breusch-Pagan test - 

 Null hypothesis: Variance of the unit-specific error = 0 

 Asymptotic test statistic: Chi-square(1) = 507.555 

 with p-value = 2.15844e-112 

 

Hausman test - 

 Null hypothesis: GLS estimates are consistent 

 Asymptotic test statistic: Chi-square(10) = 14.8224 

 with p-value = 0.138673 
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Model 8: Pooled OLS. using 350 observations 

Included 20 cross-sectional units 

Time-series length: minimum 12. maximum 19 

Dependent variable: A121 

 

  Coefficient Std. Error t-ratio p-value  

const −0.148772 0.0834319 −1.783 0.0755 * 

A3 0.00458781 0.00117986 3.888 0.0001 *** 

A25 0.0288484 0.0126450 2.281 0.0231 ** 

A32 0.0109107 0.00179714 6.071 <0.0001 *** 

A46 0.501194 0.0133220 37.62 <0.0001 *** 

A48 0.00997972 0.00290453 3.436 0.0007 *** 

A84 0.00207327 0.000947807 2.187 0.0294 ** 

A89 −0.0211729 0.00714301 −2.964 0.0033 *** 

A97 −0.0976642 0.0407997 −2.394 0.0172 ** 

A103 0.00329543 0.00162710 2.025 0.0436 ** 

A116 −0.00627241 0.000965829 −6.494 <0.0001 *** 

 
Mean dependent var  2.164857  S.D. dependent var  2.015966 

-1

 0

 1

 2

 3

 4

 5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

A
1
2
1

time series by group

actual

fitted

Actual and fitted A121

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 September 2023                   doi:10.20944/preprints202309.0199.v1

https://doi.org/10.20944/preprints202309.0199.v1


 20 

 

Sum squared resid  28.70304  S.E. of regression  0.290981 

R-squared  0.979763  Adjusted R-squared  0.979167 

F(10. 339)  1641.288  P-value(F)  2.6e-280 

Log-likelihood −58.96574  Akaike criterion  139.9315 

Schwarz criterion  182.3687  Hannan-Quinn  156.8230 

rho  0.913304  Durbin-Watson  0.316877 

 
Clusterization with the application of the k-Means Algorithm  
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Machine Learning and Predictions  

Statistical Errors of Machine Learning Algorithms 

Algorithms R^2 MAE MSE RMSE 

ANN -Artificial Neural Network 0.92 0.06 0.00 0.07 

PNN-Probabilistic Neural Network 0.98 0.02 0.00 0.04 

Simple Regression Tree  0.25 0.18 0.04 0.19 

Gradient Boosted Trees Regression -0.16 0.29 0.11 0.33 

Random Forest Regression 0.90 0.09 0.01 0.11 
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Tree Ensemble Regression  0.87 0.11 0.02 0.13 

Linear Regression  -2.86 0.52 0.37 0.61 

Polynomial Regression  -2.96 0.51 0.35 0.59 

 
Algorithm  R^2 MAE MSE RMSE Sum  

PNN-Probabilistic Neural Network 1 1 1 1 4 

ANN-Artificial Neural Network 2 2 2 2 8 

Random Forest Regression 3 3 3 3 12 

Tree Ensemble Regression  4 4 4 4 16 

Simple Regression Tree  5 5 5 5 20 

Gradient Boosted Trees Regression 6 6 6 6 24 

Linear Regression Learner 7 8 8 8 31 

Polynomial Regression  8 7 7 7 29 
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