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Background: Healthcare factors have strongly influenced the propagation of COVID-19. This study aims to 

examine whether excess mortality during the first phase of the COVID-19 outbreak in Italy was associated 

with health, healthcare, demographic, and socioeconomic, provincial-level indicators. 

Methods: This ecological study concerns the raw number of deaths reported from February 1 to April 30, 

2020 and the mean number of deaths occurred during the same months from 2015 to 2019, per province. 

Information on socioeconomic factors and healthcare settings was extracted from updated databases on 

the Italian National Institute of Statistics (ISTAT) website. A multivariate model and four multilevel models 

were constructed to test the association between excess mortality and the analysed indicators across 107 

Italian provinces. 

Results: The hospitalization rate in long-term care wards and the cardiovascular disease mortality rate 

correlate positively with excess mortality (p < 0.05), while higher densities of licensed physicians and 

of general practitioners are associated with lower excess mortality (p < 0.05). After controlling for the 

COVID-19 cumulative incidence in each province, only the density of licensed physicians remains nega- 

tively associated with excess mortality (p < 0.01). 

Conclusion: Some health and healthcare variables (in particular, the density of physicians) are strongly 

associated with excess mortality during the first wave of the COVID-19 pandemic in Italy and should be 

targeted to increase the resilience of health systems. 

© 2022 Elsevier B.V. All rights reserved. 
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. Introduction 

Pandemics are natural disasters that affect global health for 

rolonged periods [1] . Depending on their impact on healthcare 

ystems, pandemics prompt varying degrees of public health inter- 

entions to contain the contagion. The availability of resources – in 

erms of staff, stuff, and structures – plays a fundamental part in 

xpanding a healthcare system capacity to cope with the increas- 

ng demand [2] . When a healthcare system is overwhelmed, the 

evel of care delivered to the population gradually declines until 

he crisis capacity threshold is reached [3] . Beyond that point, se- 
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ere disruptions in the chain of care affect not only infected pa- 

ients but also those suffering from chronic illnesses or presenting 

ith acute conditions that need prompt or urgent treatment, lead- 

ng to a worsening of the population health. 

Excess mortality is an essential epidemiological indicator to 

onitor the capability of healthcare systems. It gives us a compre- 

ensive picture of the death toll attributable to a pandemic. Rapid 

urveillance systems can effectively track deaths due directly to the 

isease as well as indirect fatalities caused by the impact of a pan- 

emic on healthcare systems [4] . The result is a better mortality 

stimate, less affected by errors in the certification of the cause 

f death, that enables before–after comparisons within the same 

ountry [5] . 

https://doi.org/10.1016/j.healthpol.2022.03.002
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As seen previously with the influenza pandemic of 1918 [6] , 

OVID-19 has brought the healthcare systems of every country 

o the brink of failure. The first wave of the disease dramatically 

ncreased mortality rates across countries. Italy registered over 

5,0 0 0 total deaths in March and April 2020, corresponding to an 

xcess mortality due to any cause of 50% in March and 36% in 

pril, compared with average deaths in the same months in the 

ears from 2015 to 2019 [ 7 , 8 ]. There were marked differences be-

ween regions and provinces, with most excess deaths occurring 

n the north of Italy. Strict nationwide lockdown policies, which 

ncluded restrictions on movement between regions from the be- 

inning of March until early May, probably helped contain the in- 

ection and the consequent excess mortality in the country’s cen- 

ral and southern regions [9] . The pandemic’s impact on differ- 

nt countries and regions varied [10] , but the spread of COVID- 

9 followed much the same trend in 24 European nations early 

n the first wave [11] . Social, environmental, and economic factors 

trongly influenced the transmission of the disease (especially in 

he complex scenario of the European continent [ 10 , 12 ]), with a

ar from negligible impact on cumulative excess deaths. 

The present study aims to identify health, healthcare, envi- 

onmental, demographic, and socioeconomic indicators associated 

ith the province-level excess mortality during the first wave of 

he COVID-19 outbreak in Italy. This might reveal underlying “pre- 

isposing” factors to be considered when implementing effective 

olicies to mitigate the effects of a pandemic. 

. Materials and methods 

.1. Context 

The National Health Service (NHS) in Italy is a regionally-based 

ealthcare system. It provides universal coverage free of charge 

t the point of service. The country’s central government ensures 

ompliance with the general objectives and fundamental princi- 

les of the NHS, defines a national statutory benefits package of 

essential levels of care” for the population, and allocates national 

unds to the regional authorities. The regional governments (19 re- 

ions and two autonomous provinces) are responsible for organiz- 

ng and delivering healthcare services through a network of local 

ealth authorities. The latter have catchment areas that are often 

efined by the boundaries of provinces (institutional entities that 

roup together several municipalities in a given region). Depending 

n the region, public funds are allocated by local health authorities 

o public hospitals and accredited private clinics. 

.2. Study design and data sources 

The present ecological study includes mortality data for each 

talian province. Data on mortality were obtained from the IS- 

AT demographic database [13] as the raw number of deaths from 

ebruary 1 to April 30, 2020 and the mean number of deaths dur- 

ng the same months in the years 2015 to 2019. 

Information on the provinces’ socioeconomic, demographic, 

ealth, and healthcare variables was extracted from the most 

ecently updated databases available on the Italian Ministry of 

ealth’s and ISTAT’s websites [7] , and the ISTAT’s “Health for All”

atabase [14] . As regards provincial COVID-19 confirmed cases and 

eceases, the data were drawn from the Italian Civil Protection De- 

artment’s official database, which was updated daily [15] . Besides 

he target variable (excess mortality), the independent variables in- 

luded in the analysis (75 predictive indicators: 66 at provincial 

evel and nine at regional level) are divided into seven categories 

demographic, socioeconomic, environmental, health, healthcare 

ctivity, healthcare resources, healthcare human resources) and are 

resented in detail in Appendix 1. 
295 
.3. Statistical analysis 

The excess mortality was first calculated for each of the 107 

talian provinces. Given the total number of deaths in February–

pril 2020 for each province ( D 1 ) and the mean number of deaths

uring the same period in the years 2015 to 2019 ( D 0 ), the excess

ortality E i for every province i was computed as the following 

ercentage: 

 i = [ ( D 1 i − D 0 i ) / D 0 i ] · 100 . 

The Pearson correlation coefficient was then calculated for each 

air of the 75 analysed predictive indicators, both at provincial and 

egional level, to inspect collinearity. The obtained correlation ma- 

rix is depicted in Fig. 1 . Setting a maximum Pearson’s coefficient 

hreshold to 0.8 in absolute value, the highly correlated indicators 

ere dropped as redundant variables, comparing firstly the indi- 

ators falling into the same category (e.g., health, socioeconomic 

ariables, etc.). 

At a second stage, considering only the indicators at the provin- 

ial level, the least absolute shrinkage and selection operator 

LASSO) method was adopted to select the most relevant predictors 

o include in the analysis. Firstly, the optimum shrinkage param- 

ter λ was determined by performing a 10-fold cross-validation. 

hen, the more relevant covariates were determined as the vari- 

bles with a LASSO regression coefficient > 0.05 in absolute terms. 

ubsequently, a univariate linear model was constructed for each 

f the returned predictors to estimate the effect of each predictor 

ith the outcome. 

The following nine provincial variables regarding healthcare, 

ealth, and socioeconomic indicators were selected: 

• local public transport facility availability: the number of buses 

and metro facilities per person; 
• acquired immunodeficiency syndrome (AIDS) mortality rate: 

number of deaths due to AIDS per 10,0 0 0 people; 
• cardiovascular disease mortality rate: number of deaths due to 

cardiovascular diseases per 10,0 0 0 people; 
• tuberculosis mortality rate: number of deaths due to tubercu- 

losis per 10,0 0 0 people; 
• long-term care hospitalization rate: number of hospital admis- 

sions in long-term care wards per 1,0 0 0 people; 
• average density of long-term care beds in private hospitals: 

number of private hospitals long-term care beds in per 10,0 0 0 

people; 
• average density of long-term care beds in public and private 

hospitals: number of public and private hospitals long-term 

care beds in per 10,0 0 0 people; 
• average density of physicians licensed to practise: number of 

doctors (both practising and non-practising) registered with the 

National Board of Physicians per 10,0 0 0 people; 
• average density of GPs: number of GPs per 1,0 0 0 people. 

Five different multivariate models were developed to analyse 

he association of excess mortality with the previously described 

actors. First, a simple multivariate regression model was devel- 

ped which considered the nine most relevant indicators at provin- 

ial level against the excess mortality (Model 1). Then, a multilevel 

eneralization of the previous model was tested, with the region 

onsidered as a grouping variable and a random intercept intro- 

uced for each Italian region (Model 2). Subsequently, as the re- 

ional effect was significant, Model 3 was implemented, introduc- 

ng the following seven indicators which were available only at the 

egional level (two regional indicators were not considered to be 

ighly correlated): 

• relative poverty index: percentage of individuals that have a 

consumption expenditure below the poverty line (individuals 
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Fig. 1. Correlation matrix of the analysed indicators sorted by category. 
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with a consumption expenditure level lower than 50% of the 

mean per-capita consumption expenditure); 
• average density of hypertensive subjects aged 65 or more: 

number of hypertensive subjects aged 65 or more per 1,0 0 0 

people; 
• population rate with at least one chronic disease: number of 

subjects with at least one chronic disease per 1,0 0 0 people; 
• respiratory system and intrathoracic organs malignant cancer 

mortality rate: number of deaths due to respiratory system and 

intrathoracic organs malignant cancers per 1,0 0 0 people; 
• ischaemic heart disease mortality rate: number of deaths due 

to ischaemic heart disease per 1,0 0 0 people; 
• respiratory system disease mortality rate: number of deaths 

due to respiratory system diseases per 1,0 0 0 people; 
• COPD mortality rate: number of deaths due to chronic obstruc- 

tive pulmonary disease (COPD) per 1,0 0 0 people. 

Finally, the province’s COVID-19 cumulative incidence on 30 

pril 2020 (COVID-19 confirmed cases per 10,0 0 0 people) was 

omputed and included in the analysis. Since this indicator mea- 

ures the rate of COVID-19 spread in each province, we can expect 

t to capture most of the variability in the outcome, enabling us to 

nderstand the role of the other covariates independently of the 
296 
ffect of spread of infection on excess mortality risk factors. In this 

ay, it was also possible to represent the different rates of trans- 

ission of the infection between different areas. Models 4 and 5 

re the adjusted version of Models 2 and 3, respectively, where the 

umulative incidence is added as a covariate. 

For all the presented models, it is worth mentioning that the 

esponse variable was log-transformed prior to the fitting in order 

o normalize its originally skewed distribution and produce more 

eliable estimates. This operation turned out to improve the mod- 

ls’ performance scores in terms of residual standard error (RSE) 

r (for Model 1 only) adjusted R 

2 . 

The data analysis was performed with RStudio statistical soft- 

are (RStudio, Inc., Boston). 

. Results 

In the period considered, excess mortality ranged from -11.59% 

for Cagliari, a province of southern Sardinia) to 237.30% (for Berg- 

mo, in the Lombardy region of northern Italy), with a mean value 

f 27.58% and a median of 12.31% across Italy as a whole. The 

ve provinces with the highest excess mortality are all in Northern 

taly: four in Lombardy, and one (Piacenza) in the Emilia-Romagna 

egion on Lombardy’s southern border, while the five with the low- 
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Fig. 2. Choropleth map representing excess mortality by province. 
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st excess mortality are scattered between the centre, south, and 

slands. Fig. 2 shows how the excess mortality is distributed across 

he Italian territory. 

Table 1 shows the descriptive statistics for the selected predic- 

ive indicators, 10 at provincial level and seven at regional level. 

Table 2 shows the estimates of the designed models. The first 

olumn reports the regression coefficients of the univariate linear 

odel for all the indicators selected with the LASSO method, while 

he other columns report the coefficients of the five multivariate 

odels. 

In Model 1, the multivariate analysis with the nine LASSO- 

elected province-related indicators, the hospitalization rate in 

ong-term care wards is positively associated with excess mortal- 

ty (0.108, p value < 0.001), while the density of GPs, as well as the

ensity of physicians licensed to practise, is negatively associated 

ith the outcome (respectively -1.578, -0.013; p values 0.022 and 

 0.001). Model 2 – the multilevel version of the previous model 

ith the region as a grouping variable – shows similar results to 

hose of Model 1. Therefore, it seems that the introduction of the 

egional random effect does not affect the association of the indi- 

ators under study, even if it results in a lower RSE (0.487). The 

stimation results of Model 3 confirm the significant negative cor- 

elation between the density of GPs and physicians licensed to 

ractice and excess mortality (respectively 1.702, -0.009; p values 

 0.05). After introducing the additional regional indicators (with 

odel 3), the hospitalization rate in long-term care wards is no 

onger significant, while the cardiovascular disease mortality rate 

orrelates significantly with the outcome variable (0.019; p value 

.048). Moreover, it is worth noting that both the regional poverty 

ndex and other health variables at the regional level are not sig- 

ificant in explaining excess mortality. Finally, Models 4 and 5 –

djusted versions of Models 2 and 3, respectively, after controlling 
297 
or the rate at which COVID-19 spread in each province – show, as 

xpected, a strongly significant positive association between excess 

ortality and a province’s COVID-19 cumulative incidence (0.016, 

.015, respectively; p value < 0.001). In both these models, only the 

ensity of physicians licensed to practice is confirmed to be sig- 

ificant in explaining the excess mortality (p value < 0.01), while, 

nce again, the hospitalization rate in long-term care wards ap- 

ears significantly (and positively) associated with the outcome 

ariable only when additional covariates at regional level are not 

onsidered (Model 4; p value < 0.10). 

. Discussion 

Since the outbreak of COVID-19 in Europe, strict public health 

easures have gradually been introduced to contain the conta- 

ion. Decision-makers have mainly relied on daily updates regard- 

ng new cases of COVID-19, COVID-19 mortality, the numbers of 

hose infected being admitted to general wards and intensive care 

nits, and the number of patients who have recovered. Unfortu- 

ately, the under-reporting of cases has hindered the proper inter- 

retation of these data. On the other hand, excess mortality can 

e more useful in describing pandemic trends in relation to other 

ariables affecting local and national health systems [16] . 

This ecological study found that some health and healthcare 

ariables were associated with excess mortality at a provincial 

evel during the first wave of the COVID-19 outbreak in Italy 

February–April 2020). Our analysis confirmed that most excess 

eaths occurred in northern provinces in or adjacent to Lombardy, 

he region most overwhelmed by the pandemic [9] . 

The results that emerged from our analysis show that, overall, 

he availability of physicians in the various provincial territories 
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Table 1 

Descriptive statistics for the explanatory variables included in the models. 

Variable Minimum Maximum Mean Median Standard Deviation Interquartile Range 

Province Indicators 

Local public transport facility availability 14.460 210.060 70.960 67.280 36.880 45.108 

AIDS mortality rate 0.000 0.270 0.065 0.060 0.051 0.070 

Cardiovascular disease mortality rate 19.410 60.100 41.350 42.230 6.986 9.458 

Tuberculosis mortality rate 0.000 0.060 0.045 0.040 0.040 0.050 

Hospitalization rate in long-term care wards 0.000 34.410 7.112 6.340 5.093 6.358 

Density of long-term care beds in private hospitals 0.000 11.630 2.671 1.885 2.525 3.753 

Density of long-term care beds in hospitals 0.000 30.520 5.590 4.975 4.165 4.543 

Physicians registered with the National Board of Physicians per 10,000 people 34.220 160.880 63.480 59.120 18.498 21.615 

GPs per 1,000 people 0.700 1.300 0.936 0.900 0.116 0.1 

Provincial COVID-19 cumulative incidence on 30 April 2020 2.688 169.565 34.496 21.174 32.285 44.849 

Region Indicators 

Relative poverty index 5.600 34.600 14.720 10.200 8.495 14.350 

No. of hypertensive subjects aged 65 or more per 1,000 people 400.100 543.400 483.800 488.200 39.614 50.965 

Population with at least one chronic disease per 1,000 people 118.600 202.400 157.700 162.000 14.814 17.460 

Respiratory system and intrathoracic organs malignant cancer mortality rate 4.400 8.380 6.086 6.160 0.941 1.345 

Ischaemic heart disease mortality rate 8.450 17.060 11.380 10.580 1.863 1.700 

Respiratory system disease mortality rate 6.260 12.060 9.082 8.780 1.346 1.970 

COPD mortality rate 2.810 6.210 4.370 4.530 0.659 0.590 

Table 2 

Regression coefficients for variables explaining excess mortality. 

Variable Univariate Model 

Model 1 

Multivariate 

model 

Model 2 

Multilevel 

model 

Model 3 Multilevel 

model with 

regional indicators 

Model 4 Incidence 

adjusted Multilevel 

model 

Model 5 Incidence 

adjusted Multilevel 

model with regional 

indicators 

Province 

Local public transport facility availability 0.244 (0.022) 0.002 (0.320) 0.001 (0.356) 0.001 (0.375) 0.00002 (0.992) -0.00002 (0.986) 

AIDS mortality rate 249.892 (0.001) 0.990 (0.423) 0.161 (0.888) 0.196 (0.870) -0.128 (0.889) 0.174 (0.860) 

Cardiovascular disease mortality rate -1.692 (0.003) 0.006 (0.500) 0.015 (0.094) 0.019 (0.048) 0.006 (0.338) 0.012 (0.140) 

Tuberculosis mortality rate 271.621 (0.006) 1.407 (0.363) 1.171 (0.383) 1.117 (0.412) -0.140 (0.900) 0.113 (0.922) 

Hospitalization rate in long-term care wards 3.656 ( < 0.001) 0.108 ( < 0.001) 0.066 (0.022) 0.047 (0.124) 0.039 (0.090) 0.033 (0.187) 

Density of long-term care beds in private hospitals 4.327 (0.006) -0.045 (0.174) -0.034 (0.267) -0.032 (0.318) -0.031 (0.210) -0.032 (0.218) 

Density of long-term care beds in hospitals 3.139 ( < 0.001) -0.041 (0.227) -0.025 (0.415) -0.015 (0.636) -0.011 (0.659) -0.008 (0.755) 

Physicians registered with the National Board of Physicians per 10,000 

people 

-0.645 (0.002) -0.013 ( < 0.001) -0.010 (0.002) -0.009 (0.013) -0.009 (0.001) -0.008 (0.008) 

GPs per 1,000 people -175.835 ( < 0.001) -1.578 (0.022) -1.758 (0.014) -1.702 (0.036) -0.169 (0.761) -0.520 (0.425) 

Provincial COVID-19 cumulative incidence on 30 April 2020 1.086 ( < 0.001) - - - 0.016 ( < 0.001) 0.015 ( < 0.001) 

Region 

Relative poverty index -1.670 ( < 0.001) - - -0.025 (0.365) - -0.012 (0.503) 

No. of hypertensive subjects aged 65 or more per 1,000 people -0.200 (0.045) - - -0.002 (0.632) - -0.0002 (0.904) 

Population with at least one chronic disease per 1,000 people -0.932 ( < 0.001) - - -0.003 (0.745) - 0.0003 (0.955) 

Respiratory system and intrathoracic organs malignant cancer mortality rate 9.200 (0.028) - - -0.124 (0.405) - -0.082 (0.386) 

Ischaemic heart disease mortality rate -5.581 (0.008) - - -0.034 (0.627) - -0.008 (0.853) 

Respiratory system disease mortality rate -0.478 (0.872) - - -0.048 (0.801) - -0.082 (0.485) 

COPD mortality rate -17.031 (0.004) - - 0.176 (0.522) - 0.111 (0.520) 

adjR 2 - 0.473 - - - - 

RSE - 0.588 0.487 0.485 0.407 0.409 

2
9

8
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A

roved to be an important protective factor in limiting excess mor- 

ality. 

In particular, Models 1, 2, and 3 show that a higher density 

f GPs was significantly associated with a lower COVID-19 excess 

ortality. This indicator could be seen as a measure of the ac- 

essibility of primary care. Its negative association with the out- 

ome variable suggests that provinces with fewer GPs per 1,0 0 0 

eople may have experienced a higher COVID-19 excess mortality 

ecause GPs faced an excessive workload at the onset of the pan- 

emic, making them less able to meet their patients’ needs. Pri- 

ary care plays a crucial role in minimizing the burden of COVID- 

9 cases in hospitals. GPs can help prevent healthcare system over- 

oad, but they need appropriate engagement and training to work 

ffectively as gatekeepers to acute care facilities [17] . Primary care 

ervices should have response mechanisms and systems in place 

ell before there is widespread community transmission to ensure 

he continued availability of services and enable a rapid upscaling 

f services as required. People exposed to COVID-19 and seeking 

 test or medical advice may have had great difficulty accessing 

rimary care. When people cannot access a primary care provider 

or routine or COVID-19-related care, they may flood emergency 

epartments and urgent care facilities, contributing to overwhelm- 

ng the hospital system and potentially increasing the transmission 

f COVID-19. Besides, patients with complex medical needs (such 

s multiple chronic conditions, functional limitations, and other 

ealth issues) may have been told only to seek care for urgent 

roblems, but their delayed management may have worsened their 

ondition. Several policies could help primary care to build capac- 

ty in the short term and mitigate the effects of future crises. For 

nstance, policymakers can help primary care providers develop an 

dequate telehealth infrastructure and offer them fair reimburse- 

ent. A more robust and better-functioning primary care system is 

ow needed more than ever to save lives in an increasingly daunt- 

ng health crisis [18] . 

Models 4 and 5 include the provincial COVID-19 cumulative 

ncidence, an indicator which represents a measure of different 

ates of COVID-19 transmission across Italian provinces and cap- 

ures most of the variability in excess mortality at provincial level. 

fter controlling for the COVID-19 cumulative incidence in each 

rovince, the density of GPs loses its significance in explaining a 

ower excess mortality. This result may be explained by the spe- 

ific role played by GPs in preventing patients’ risk of contract- 

ng the COVID-19 disease. Primary care, as stated by the World 

ealth Organization (WHO), plays a significant role in gatekeep- 

ng and clinical responses by differentiating patients with respira- 

ory symptoms from those with COVID-19, making an early diag- 

osis, helping vulnerable people cope with their anxiety about the 

irus, strengthening risk communication and community engage- 

ent, maintaining delivery of essential health services, and reduc- 

ng the demand for hospital services [19–21] . 

Models 4 and 5 nonetheless confirm the significance of the den- 

ity of physicians registered with the National Board as an explana- 

ory variable. The available literature exploring possible relation- 

hips between physician density and population mortality draws 

ifferent conclusions, ranging from negative connections to lack 

f association [22] . One of the most frequently proposed expla- 

ations for this inconsistency is the lack of disease-specific anal- 

sis. Similarly to our work, Xie and coll [23] . and Tchicaya and 

oll [24] . focused on COVID-19, finding a negative association be- 

ween the availability of medical personnel and mortality in Hubei 

rovince in China and France, respectively. It is worth noting that 

he density of doctors indicator includes both practising and non- 

ractising physicians who were registered and entitled to practise 

s healthcare professionals. In particular, the availability of physi- 

ians licensed to practise but who, for various reasons (e.g., re- 

irement or unemployment) were not active before the COVID-19 
299 
andemic appears to have been an important factor in contain- 

ng excess mortality. This evidence seems to indicate that those 

rovinces with a larger pool of inactive licensed doctors may have 

ad less difficulty in rapidly activating the extraordinary proce- 

ures adopted by the Italian NHS, from March 2020, for the re- 

ruitment of medical personnel (e.g., through the recall of doctors 

ho had just retired) to deal with the COVID-19 emergency during 

he first wave and that this this may have proved an important fac- 

or in limiting excess mortality. Such a conclusion corroborates the 

eed to increase staff, along with stuff and structures, to ensure 

hat healthcare systems have the necessary capability to manage 

he overwhelming number of patients during pandemics [25] . 

Considering only the multivariate models which do not include 

egional indicators (Models 1, 2, and 4), the long-term care hos- 

italization rate is significantly and positively associated with ex- 

ess mortality. This result may mean that, even after controlling 

or the rate of COVID-19 transmission across provinces (with Model 

), excess mortality still remained associated with the rates of el- 

erly patients admitted to long-term care wards. Such patients are 

ypically frailer (owing to pre-existing conditions and chronic dis- 

ases, or specific rehabilitation needs) and at substantial risk of dy- 

ng once infected, as are nursing home residents [26] . This factor 

ontributed to the excess mortality seen in several European coun- 

ries during the first wave of COVID-19, when specific measures 

o control the spread of the disease (personal protective equip- 

ent, proper isolation of infected cases, and training of person- 

el on infectious disease management) were poor, and the likeli- 

ood of nosocomial transmission of COVID-19 was still high [27] . 

oreover, even if they were not infected with COVID-19, patients 

n long-term care settings had to be abruptly isolated, losing con- 

act with families and caregivers. Such a situation may have led to 

epression and a decline in their psychological and physical health 

28] . Solutions targeting these specific issues and ways to improve 

he community health training of long-term care personnel and 

dministrators should be investigated in the future. From this per- 

pective, it also appears vital to strengthen primary care services. 

here are currently too few intermediate services (community hos- 

itals and rehabilitation facilities), home care services, and tele- 

are solutions in Italy to cope with the needs of the frail elderly, 

hich often leads to inappropriate admissions to acute care hos- 

itals. The hospitalization rate in long-term care wards loses its 

ignificance as an explanatory variable in Models 3 and 5, which 

nclude further regional indicators, probably because these models 

nclude variables on the regional prevalence of pathologies typical 

f patients admitted to long-term wards. This observation is also 

upported, to some extent, by the evidence that Model 3 shows a 

ignificant and positive correlation between the cardiovascular dis- 

ase mortality rate and the variable of interest. 

Moreover, our analysis does not find a significant correlation 

etween socioeconomic variables (in particular the poverty index 

t regional level included in Models 3 and 5) and excess mortality. 

his may stem from the fact that, within health systems character- 

zed by universal coverage of the population, socioeconomic factors 

capturing economic interactions and levels of deprivation) tend to 

e more significantly related to COVID-19 incidence than to excess 

ortality [ 12 , 29 ], while health and healthcare variables could be- 

ome more relevantly associated with excess mortality directly and 

ndirectly caused by COVID-19 across territories. 

.1. Limitations 

The main limitation of this study lies in the relatively small 

umber of provinces taken into consideration, which could lend a 

ow power to the statistical analyses. Moreover, our findings only 

egard the Italian context and may not hold for other countries. 

nother possible shortcoming of the adopted approach is that, due 
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[

o the lack of available data, our analysis was able to consider 

ntra-regional influences but could not represent inter-regional in- 

eractions, especially between adjoining provinces. Finally, it is 

orth mentioning that any correlation emerging from ecological 

tudies does not necessarily imply causality between two events. 

n fact, in health services research, where healthcare organizations 

ather than individual patients are often the focus of inquiry, eco- 

ogical studies are often an appealing tool. Nevertheless, the eco- 

ogical study aimed only to generate hypotheses exploring asso- 

iations between one or more variables and a specific health out- 

ome; the results need to be confirmed with high validity observa- 

ional studies, conducted at individual level, or experimental stud- 

es. 

. Conclusions 

This ecological study indicates that some health and healthcare 

ariables were strongly associated with the excess mortality caused 

irectly and indirectly by the COVID-19 outbreak in Italy during 

he first wave of the pandemic (February–April 2020). These vari- 

bles may be seen as drivers behind the spatially uneven spread 

f COVID-19, with most excess deaths occurring in some parts of 

orthern Italy. They should be taken into account when imple- 

enting effective mitigation policies and making health systems 

ore resilient to COVID-19 and other crises by reshaping the orga- 

ization of healthcare resources and services. 

Our results suggest that knowing more about different terri- 

ories’ susceptibility to the diffusion of viruses (which is linked 

o their propensity for prevention) may help the preparation of 

ocally-tailored mitigation strategies in countries like Italy, which 

re characterized by a marked heterogeneity across local commu- 

ities. 

Our findings also provide important input for the design of poli- 

ies aiming to improve a health system’s resilience by drawing on 

he Italian NHS’s experience during the first wave of COVID-19. 

his study shows that the excess mortality due to COVID-19 may 

ave been fuelled by limited response capacity on the part of pri- 

ary and community care and, in particular, by a shortage in the 

ensity of physicians. These issues seem particularly relevant in 

he case of the Italian NHS, which has seen reduced investment in 

rimary and community care, a rapid ageing of the medical work- 

orce, and a long period of constraints on the dynamics of person- 

el recruitment, with a shortage of specialist physicians, in partic- 

lar, in some areas [30] . Therefore, it seems crucial to readjust the 

alance in the allocation of resources, strengthen the areas of pri- 

ary and community healthcare, and plan an adequate supply of 

edical personnel for future years. 
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