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Background: Knowledge about the dynamics of transmission of SARS-CoV-2 
and the clinical aspects of COVID-19 has steadily increased over time, although 
evidence of the determinants of disease severity and duration is still limited and 
mainly focused on older adult and fragile populations.

Methods: The present study was conceived and carried out in the Emilia-Romagna 
(E-R) and Veneto Regions, Italy, within the context of the EU’s Horizon 2020 
research project called ORCHESTRA (Connecting European Cohorts to increase 
common and effective response to SARS-CoV-2 pandemic) (www.orchestra-
cohort.eu). The study has a multicenter retrospective population-based cohort 
design and aimed to investigate the incidence and risk factors of access to 
specific healthcare services (outpatient visits and diagnostics, drug prescriptions) 
during the post-acute phase from day-31 to day-365 after SARS-CoV-2 infection, 
in a healthy population at low risk of severe acute COVID-19. The study made use 
of previously recorded large-scale healthcare data available in the administrative 
databases of the two Italian Regions. The statistical analysis made use of methods 
for competing risks. Risk factors were assessed separately in the two Regions and 
results were pooled using random effects meta-analysis.

Results: There were 35,128 subjects in E-R and 88,881  in Veneto who were 
included in the data analysis. The outcome (access to selected health services) 
occurred in a high percentage of subjects in the post-acute phase (25% in 
E-R and 21% in Veneto). Outpatient care was observed more frequently than 
drug prescriptions (18% vs. 12% in E-R and 15% vs. 10% in Veneto). Risk factors 
associated with the outcome were female sex, age greater than 40  years, baseline 
risk of hospitalization and death, moderate to severe acute COVID-19, and acute 
extrapulmonary complications.

Conclusion: The outcome of interest may be considered as a proxy for long-
term effects of COVID-19 needing clinical attention. Our data suggest that this 
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outcome occurs in a substantial percentage of cases, even among a previously 
healthy population with low or mild severity of acute COVID-19. The study results 
provide useful insights into planning COVID-19-related services.

KEYWORDS

SARS-CoV-2, post-COVID, COVID-19 sequelae, outpatient care, drug prescriptions, low-
risk subjects, population-based cohort, ORCHESTRA project

1. Introduction

The COVID-19 pandemic has caused a global health, social and 
economic emergency (1). Over time, knowledge about the dynamics 
of transmission of SARS-CoV-2 and the clinical aspects of 
COVID-19 has steadily increased, although evidence of the 
determinants of disease severity and duration is still limited and 
mainly focused on older adult and fragile populations. In vulnerable 
populations there is also an increasing number of reports showing 
that individuals with comorbidities or admitted to the ICU for 
severe SARS-CoV-2 infection have a higher incidence of long-term 
effects of COVID-19 (2–6). Symptoms of sequelae vary widely in 
type and timing, as they can follow initial recovery or persist from 
the acute episode. They may also fluctuate, relapse, or change over 
time (6–9). The National Institute for Health and Care Excellence 
(NICE) provided clinical case definitions to identify and diagnose 
the long-term effects of COVID-19. Ongoing symptomatic 
COVID-19 is defined as the presence of persistent COVID-19 signs 
and symptoms after 4 weeks from diagnosis and up to 12 weeks. 
Post-COVID-19 syndrome is the presence of signs and symptoms 
that developed during or after a SARS-CoV-2 infection and persist 
for more than 12 weeks, not explained by an alternative diagnosis 
(8). Another definition was provided by the World Health 
Organization (WHO). According to WHO, the post COVID-19 
condition occurs in individuals with a history of probable or 
confirmed SARS CoV-2 infection, usually 3 months from the onset 
of COVID-19 with symptoms and that last for at least 2 months and 
cannot be  explained by an alternative diagnosis (9). Effects of 
ongoing symptomatic and post-COVID-19 include fatigue/
weakness, dyspnea, decreased exercise tolerance, cognitive 
impairment, prolonged smell and taste disorders, headache, anxiety, 
depression, insomnia, arthromyalgia, diabetes, and renal sequelae 
(2, 4–8, 10–16). These symptoms tend to cluster and can lead to a 
lower perceived quality of life and to an increased demand for and 
access to specific healthcare services (8, 14). The etiology of long-
term effects of COVID-19 is likely multifactorial, with endothelial 
damage and immunological phenomena playing a significant role 
(7). Female sex, older age, presence of comorbidities, and severity 
in the acute phase of COVID-19 are associated with an increased 
risk of ongoing symptomatic and post-COVID-19 syndrome (3–5). 
Major limitations of previous studies include the study population, 
sample size, length of follow-up, case definition, and study design 
(3, 17). A few reports have recently highlighted diagnoses of long 
COVID in outpatients and/or previously healthy populations (18, 
19). The present study was conceived and carried out in the Emilia-
Romagna (E-R) and Veneto Regions, Italy, within the context of the 
EU’s Horizon 2020 research project called ORCHESTRA 

(Connecting European Cohorts to increase common and effective 
response to SARS-CoV-2 pandemic).1 The major aim of the study 
is to assess the incidence and risk factors of access to specific 
healthcare services (outpatient visits and diagnostics, drug 
prescriptions) within 12 months from confirmed SARS-CoV-2 
diagnosis in a healthy population at low risk of severe acute 
COVID-19.

2. Materials and methods

2.1. Data source

The study was carried out in E-R and Veneto, two neighboring 
regions of northern Italy with a population of approximately 4.4 and 
4.9 million residents, respectively. Both these two regions oversee a 
regional healthcare system and have exclusive competence in 
regulating, financing, and organizing healthcare services and activities 
carried out within their territory. Data were extracted from the E-R 
and Veneto Regions healthcare administrative databases. They include 
comprehensive information about healthcare provision by the regional 
healthcare systems. Secure record-linkage procedures were carried out 
at the individual level to merge pseudonymized data related to: official 
notifications of SARS-CoV-2 infections; drug prescriptions; outpatient 
care; residence and vital status; acute hospital admissions; community 
hospital admissions; emergency room access; long-term care facilities; 
and integrated home care. In the E-R cohort, an individual risk of 
hospitalization and death score was also assigned using a previously 
developed standardized algorithm. This algorithm relies on a 
multivariable prediction model which estimates a punctual measure 
for the individual risk of hospitalization or death within the reference 
year. The risk of hospitalization and death is then scored according to 
a four-level scale: low (probability <6%), moderate (≥ 6% and < 15%), 
high (≥ 15% and < 25%), very high (≥ 25%). This score is assigned 
yearly based on demographic and residence characteristics, 
comorbidities, and access to a wide spectrum of healthcare resources 
in a multiyear period before the reference year, and is routinely 
available in E-R administrative databases (20). The extracted data 
include updates of databases up to November 2021 for E-R and up to 
December 2021 for Veneto.

1 www.orchestra-cohort.eu
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2.2. Study Aim and design

The study is a multicenter retrospective population-based cohort 
study aiming to investigate the incidence and risk factors of access to 
healthcare services. It focused on a largely healthy population, at low 
risk of acute severe COVID-19, to ensure that a high fraction of 
outcomes is attributable to COVID-19. Eligible participants included 
all adult subjects aged ≥18 years at diagnosis and with continuous 
residence status in the two regions in the 365 days before diagnosis. 
Low risk of severe acute COVID-19 was characterized by the absence 
of all the following types of care, in the 365 days prior to the SARS-
CoV-2 diagnosis: hospitalization; visits to the emergency room; 
integrated home care; residence in a long-term care facility; selected 
drug prescriptions (at least one drug within the selected list; see 
Supplementary Table 1); selected outpatient care (at least one visit/
diagnostics within the selected list; see Supplementary Table  1). 
Additionally, in the E-R cohort, low risk of severe acute COVID-19 
was assigned only to subjects with a low-to-moderate risk of 
hospitalization and death score (19). The population of interest 
included all consecutive adult individuals with confirmed SARS-
CoV-2 infection (PCR or antigen tests) in the E-R and Veneto Regions 
between February 2020 and November 2020 (E-R) or December 2020 
(Veneto) who, at the time of diagnosis, were at low risk of severe acute 
COVID-19 disease. None of these subjects was vaccinated at the time 
of SARS-CoV-2 diagnosis, as the vaccination campaign in Italy only 
started in late December 2020. Individuals entered the cohort on the 
day of SARS-CoV-2 diagnosis. Outcomes were assessed within 
365 days before and after the diagnosis. In the follow-up period 
we distinguished an acute phase (AP) from diagnosis till day 30 and a 
post-acute phase (PAP) from day 31 till day 365. For patients who 
were hospitalized at day 30, PAP started on the first day after hospital 
discharge. Outcomes were assessed during the PAP. Individuals who 
were continuously hospitalized from the AP to more than 365 days 
after SARS-CoV-2 diagnosis, or who had moved their residence 
outside the region during the AP, were excluded. Duplicate or 
incomplete records were discarded. The study was carried out and 
reported according to the GATHER statement (21).

2.3. Study outcomes

The outcome of interest was the access to specific healthcare 
services during the PAP, defined through a selected list of drug 
prescriptions and outpatient visits and diagnostics. This combined 
outcome was considered a proxy for the long-term effects of 
COVID-19 requiring medical attention (22). A broad range of drug 
prescriptions and outpatient care services was considered, to reflect 
the multifactorial nature of COVID-19, which can affect several 
organs and systems. Selected drug prescriptions included 
cardiovascular system (e.g., antithrombotics, antiarrhythmics, 
antihypertensives, beta blockers), antidiabetic, nervous system (e.g., 
antidepressants), and respiratory system (e.g., adrenergics and other 
drugs for obstructive airway diseases) drugs, oxygen and 
corticosteroids (22–24). Selected outpatient visits and diagnostics 
included ambulatory visits in cardiology, pneumology, angiology, 
neurology, psychiatry, rehabilitation-motor, nephrology, and diabetes, 
as well as other diagnostic and therapeutic procedures such as chest 
imaging, cardiac ultrasound imaging, pneumological diagnostics, 

electrocardiography, oxygen therapy, respiratory, and cardiological 
rehabilitation, peripheral vascular ultrasound imaging, training for 
cognitive disorders, hemodialysis, renal imaging, and glycated 
hemoglobin analysis (22–24). Only drugs and outpatient care 
provided by the regional healthcare system were included in the 
analysis. Drugs that are not reimbursed as well as private outpatient 
care not provided by the regional healthcare systems are not recorded. 
Details of drugs and outpatient care are reported in 
Supplementary Table 1, together with extraction criteria based on 
ATC classification and on E-R regional outpatient codes. Two analyses 
were performed, each with a different definition of the outcome 
variable. In the first analysis we  considered a combined outcome 
including selected drug prescriptions and selected outpatient care, 
whichever came first. In the second analysis, each of the two outcomes 
of interest (drug prescriptions and outpatient care) was analyzed 
separately and the other was considered neither as a competing event 
nor as censoring. Hospitalization and death were always considered 
as competing events following a competing risk analysis framework. 
Hospitalization was considered a competing event due to drug 
prescriptions and clinical consulting not being tracked at the 
individual level during acute care stay: This prevented us from 
observing these events in administrative databases during the period 
a patient was hospitalized.

2.4. Other extraction criteria

Some clinically relevant variables were determined based on data 
recorded in administrative databases. COVID-19 severity (expressed 
on a four-level ordinal scale as low, mild, moderate or severe) was 
algorithmically assigned. The algorithm was based on respiratory 
system diagnoses (i.e., acute respiratory insufficiency, pneumonia, 
acute lower respiratory tract infections, other respiratory diagnoses), 
on ventilation procedures administered (i.e., oxygen therapy, 
non-invasive ventilation, invasive ventilation), and on intensive or 
sub-intensive care unit stay during hospitalizations in the AP. For 
subjects not hospitalized in the AP, the “low” level of severity was 
assigned. The algorithm is reported in Figure 1. Acute extrapulmonary 
complications (i.e., vascular, hemorrhagic, thrombotic, cardiac, 
neurological, septicemia and acute organ failure) were also identified, 
based on diagnoses during hospitalizations in the AP. These variables 
can occur only for hospitalized subjects. Criteria for the identification 
of respiratory diagnoses, ventilation procedures and acute 
extrapulmonary Complications, based on ICD-9-CM codes, are 
reported in Supplementary Table 2.

2.5. Statistical analysis

The statistical analysis was carried out separately in the two 
Regions, and results were pooled using meta-analysis. The frequency 
distributions of the categorical characteristics were described as 
absolute and percentage numbers. The numerical variables were 
described as the mean ± standard deviation and range. To evaluate 
potential risk factors, multivariable regression models were carried 
out. The incidence of outcomes in the PAP was analyzed with a 
competing risk approach: selected drug prescriptions and/or selected 
outpatient care were the outcomes of interest, whereas hospitalization 
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and death were the competing events. Individuals who moved their 
residence outside of the E-R region during the PAP, as well as those 
who did not experience any outcome or competing event by the end 
of the PAP, were treated as having censored follow-up times. The 
incidence of outcomes over time was described using cumulative 
incidence functions curves (25). Uncertainty in curves was expressed 
with 95% confidence interval (CI) calculated with the asymptotic 
Aalen method (26). A multivariable Fine-Gray (FG) proportional 
subdistribution hazard regression model was used to assess the 
relationship between subjects’ characteristics and the hazard of 
outcomes over time, also accounting for the occurrence of competing 
events (27). The explanatory variables were: time period (1st wave: 
February–May 2020, intermediate period: June–September 2020, 2nd 
wave: October–December 2020); age class at diagnosis (18–39, 40–49, 
50–59, 60–69, 70–79, ≥80 years); sex (male, female); Italian citizenship 
(yes, no); only in the E-R cohort, the risk of hospitalization and death 
score (low, moderate); COVID-19 severity during the AP (low, mild, 
moderate, severe); acute extrapulmonary complications occurring in 
hospital during the AP (yes, no). Moreover, the area of residence (8 
Local Health Units in E-R and 9  in Veneto) was also used as an 
independent variable to account for potentially different health 
policies. Associations were measured using the subdistribution hazard 
ratio (HR) and the uncertainty in results was expressed with 95% 
CI. Cis for HRs were calculated with the Wald method based on 
normal approximation. Pooling of hazard ratios obtained in the E-R 
and Veneto Regions’ cohorts was carried out using random effects 
meta-analysis (MA). MA was performed with the inverse variance 

weights method and maximum likelihood estimator for between-
study variance. Between-cohort heterogeneity was measured with the 
tau statistic (28) and its significance was assessed with the Cochran’s 
Q test. All statistical tests were two-sided. Analyses were carried out 
by E-R with SAS/STAT 15.1 (SAS Institute Inc., Cary, NC) and R 4.0.4 
(The R Foundation for Statistical Computing, Wien) and by Veneto 
with SAS/STAT 13.1 statistics software.

3. Results

There were 125,782 individuals positive for SARS-CoV-2 in the 
E-R region in the period from February 2020 to November 2020, and 
261,178 in the Veneto Region from February 2020 to December 2020. 
Of these, 81.8 and 87.1% were adult individuals with complete data. 
Those who fulfilled the inclusion and exclusion criteria for the 
low-risk cohort and who were included in the data analysis numbered 
35,128 in Emilia-Romagna and 88,881 in Veneto (Figure 2).

3.1. Characteristics of individuals

Descriptive characteristics of the cohort are reported in Table 1. 
Most subjects were diagnosed for SARS-CoV-2 in Emilia-Romagna 
in October–November 2020 (80.3%) and in Veneto in October–
December 2020 (91.8%), during the second epidemic wave in Italy. 
The average age at diagnosis was 41.1 ± 14.1 years (range: 18–91) in 

FIGURE 1

Algorithm for the assignment of COVID-19 severity. Notes: The decision tree shows the algorithm for the assignment of COVID-19 severity during the 
acute phase. The rhombuses indicate binary decision rules based on hospitalizations, respiratory diagnoses, Diagnosis-related groups (continuous 
border line) and ventilation procedures (dotted border line). The gray boxes indicate the assigned COVID-19 severity level (low, mild, moderate, severe). 
The data extraction criteria for each element in the decision tree are reported in Supplementary Table 2. LRT  =  lower respiratory tract; 
DRG  =  Diagnosis-related group.
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Emilia-Romagna and 41.8 ± 14.1 years (range: 18–97). Those aged 
more than 60 years were a small part (9.1 and 10.0%, respectively). 
About half of the included individuals were female (50.3 and 49.9%) 

and the most part had Italian citizenship (88.7 and 89.6%). At baseline, 
the risk of hospitalization and death score estimated in E-R was low 
for 98.7% and moderate for 1.3% of subjects. During the AP, 96.1% of 

FIGURE 2

Flow charts describing selection of subjects in the two cohorts. Notes: (A)  =  Emilia-Romagna Region; (B)  =  Veneto Region. The total number of 
excluded individuals is the number of subjects who had at least one of the specific exclusion criteria listed in the flow-chart.
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low-risk individuals in Emilia-Romagna and 98.7% in Veneto 
experienced low severity COVID-19. Conversely, 0.2% and less than 
0.1% of subjects had mild severity, 1.4 and 0.6% had moderate severity, 
and 2.2 and 0.7% experienced severe COVID-19 disease. Those who 
were hospitalized during the AP (in acute care hospitals or community 
hospitals) were 4.3 and 1.6%. Acute extrapulmonary complications 
have occurred in 0.3 and 0.2% of individuals (Table 1). The higher 
frequency of individuals who were not hospitalized and who were 
assigned the lowest severity level in the Veneto cohort likely reflects 

the wider use that was made of diagnostic testing in 2020  in that 
Region to detect positive cases even among asymptomatic people (29).

3.2. Incidence of drug prescriptions and 
outpatient care

The total follow-up time in the PAP was equal to 26,826.7 person-
years in E-R and 68,333.1 in Veneto. During this time, 9,208 (26.2%) 

TABLE 1 Characteristics of subjects at low risk of severe COVID-19 disease.

Emilia-Romagna (N  =  35,128) Veneto (N  =  88,881)

n % n %

Baseline characteristics

SARS-CoV-2 diagnosis period 1st wave 4,527 12.9% 4,010 4.0%

Intermediate 2,384 6.8% 3,305 3.7%

2nd wave 28,217 80.3% 81,566 91.8%

Sex Female 17,662 50.3% 44,356 49.9%

Age at diagnosis 18–39 15,943 45.4% 38,795 43.7%

40–49 8,797 25.0% 21,808 24.5%

50–59 7,197 20.5% 19,396 21.8%

60–69 2,370 6.7% 6,678 7.5%

70–79 674 1.9% 1,742 2.0%

80–91 147 0.4% 462 0.5%

Italian citizenship Yes 31,154 88.7% 79,601 89.6%

Risk of hospitalization and death score Low 34,670 98.7% - -

Moderate 458 1.3% - -

Acute phase characteristicsa

COVID-19 severity Low 33,765 96.1% 87,703 98.7%

Mild 84 0.2% 38 0.0%

Moderate 498 1.4% 526 0.6%

Severe 781 2.2% 614 0.7%

Oxygen therapy Yes 711 2.0% 701 0.8%

Non-invasive ventilation Yes 139 0.4% 180 0.2%

Invasive ventilation Yes 103 0.3% 88 0.1%

Intensive care unit stay Yes 161 0.5% 137 0.2%

Sub-intensive care unit stay Yes 52 0.1% 0 0.0%

Pneumonia or acute LRT infections Yes 1,267 3.6% 1,134 1.3%

Acute respiratory insufficiency Yes 756 2.2% 603 0.7%

Other respiratory infections Yes 40 0.1% 12 0.0%

Hospitalization Yes 1,507 4.3% 1,412 1.6%

Acute extrapulmonary complicationsb Yes 112 0.3% 149 0.2%

 Vascular complication Yes 11 0.0% 92 0.1%

 Cardiac complication Yes 18 0.1% 9 0.0%

 Neurological complication Yes 1 0.0% 4 0.0%

 Septicemia Yes 37 0.1% 36 0.0%

 Acute organ failure complication Yes 55 0.2% 19 0.0%

Notes: LRT = lower respiratory tract; a = the following variables can only occur for hospitalized patients; b = acute extrapulmonary complications include the five types of complications which are listed.
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of low-risk individuals in E-R and 19,769 (22.2%) in Veneto 
experienced at least one outcome of interest during the PAP. 4,633 
(13.2%) and 9,409 (10.6%) subjects, respectively, had at least one 
selected drug prescription. On the other hand, 6,523 (18.6%) and 
14,108 (15.9%) individuals had at least one selected outpatient care 
visit or diagnostic procedure, respectively. In the competing risks 
analysis, as reported in Figure  3, the cumulative incidence of the 
combined outcome at 11 months in the PAP was equal to 24.9% (95% 
CI = 24.5–25.4%) in E-R and to 21.2% (95% CI = 20.9–21.5%) in 
Veneto. Drug prescriptions were less frequent than outpatient care: at 
11 months in the PAP, the incidence of the former was 11.9% (95% 
CI = 11.5–12.2%) in E-R and 9.5% (95% CI = 9.3–9.7%) in Veneto, 
whereas the incidence of the latter was 17.9% (95% CI = 17.5–18.3%) 
and 15.4% (95% CI = 15.1–15.6%), respectively. Monthly outcomes 
incidence data are reported in Supplementary Table 3. Competing 
events such as hospitalization and mortality occurred during the PAP 
in 1,292 (3.7%) and 26 (0.1%) individuals in E-R, and in 2,837 (3.2%) 
and 80 (0.1%) individuals in Veneto. The frequency of individuals who 
accessed healthcare services during the PAP is reported in detail in 
Table 2. Among selected drug prescriptions, cardiovascular system 
drugs (6.0% in E-R and 4.7% in Veneto), followed by corticosteroids 
for systemic use (4.8 and 3.9%) and respiratory system drugs (2.3 and 
1.8%) were administered more frequently during the PAP. Among 
selected outpatient ambulatory services, the most frequent during the 
PAP were cardio-respiratory visits and procedures (11.6% in E-R and 
9.1% in Veneto), followed by diabetic ambulatory visits or procedures 
(3.9 and 4.3%), and rehabilitation-motor visits (2.0 and 2.3%).

3.3. Assessment of risk factors for drug 
prescriptions and outpatient care

According to the confounder-adjusted pooled analysis reported in 
Figure 4, the major risk factor was the level of COVID-19 severity during 
the AP. Those with mild severity had +174% hazard of combined 
outcome compared to those with low severity (HR = 2.74, 95% CI = 1.49–
5.02), whereas those with intermediate severity had +260% hazard 
(HR = 3.60, 95%CI = 2.41–5.36). Finally, those with severe COVID-19 
had +321% hazard (HR = 4.21, 95%CI = 3.22–5.48). Such differences 
among severity groups were not homogeneous in the two regional 
cohorts, being HRs for Veneto higher than those for E-R. The reason for 
such a heterogeneity is shown in Figure 3, which describes cumulative 
incidence curves by severity groups in the two regional cohorts. In the 
E-R cohort, the risk of the combined outcome at the end of the PAP was 
23.5% (95% CI = 23.0–23.9%) for low severity patients, 37.2% (95% 
CI = 26.6–47.4%) for mild-severity ones, 56.9% (95% CI = 52.2–61.1%) 
for moderate-severity ones and 66.5% (95% CI = 63.0–69.7%) for severe 
patients. In the Veneto cohort, the same figures were equal to 20.5% (95% 
CI = 20.2–20.7%), 59.5% (95% CI = 41.6–73.5%), 67.8% (95% CI = 63.6–
71.7%) and 74.3% (95% CI = 70.6–77.6%), respectively. The occurrence 
of an acute extrapulmonary complication during the AP was associated 
with a higher risk (HR = 1.84, 95% CI = 1.44–2.35). Age at diagnosis was 
also a risk factor for the combined outcome, as the risk in higher age 
groups was always greater than or equal to the risk in the group of 
individuals aged 18–39. In particular, those aged 60–69 or 70–79 had 
more than a two-fold hazard (HR = 2.10, 95%CI = 2.01–2.19 and 
HR = 2.31, 95%CI = 1.96–2.73, respectively) and those aged ≥80 had less 
than a two-fold hazard (HR = 1.73, 95%CI = 1.15–2.60). Male individuals 

had −18% hazard of outcome compared to females (HR = 0.82, 
95%CI = 0.80–0.84). Italians had a slightly higher level of risk compared 
to non-Italian citizens (HR = 1.09, 95%CI = 1.05–1.14). Finally, there were 
only minor differences between individuals diagnosed in the second 
epidemic wave (HR = 0.92, 95%CI = 0.88–0.97) or between individuals 
diagnosed in the intermediate period (HR = 0.81, 95%CI = 0.73–0.90) 
and those diagnosed in the first epidemic wave. The analysis of risk 
factors for each separate outcome (drug prescriptions or outpatient care), 
is reported in Figures 5, 6. Overall, the risk factors were similar to those 
already described for the combined outcome, with the following three 
exceptions. Firstly, COVID-19 severity in the AP was associated with a 
higher increase in the risk of outpatient care, compared to the increase 
in the risk of drug prescriptions. Secondly, individuals with Italian 
citizenship had a lower hazard of drug prescriptions (HR = 0.90, 
95%CI = 0.85–0.96), whereas the opposite was observed in relation to 
outpatient care (HR = 1.14, 95%CI = 1.09–1.20). Thirdly, the presence of 
acute extrapulmonary complications during the AP was strongly 
associated with drug prescriptions (HR = 3.83, 95%CI = 2.96–4.95), 
whereas its relationship with outpatient care was of minor relevance 
(HR = 1.36, 95%CI = 1.10–1.66). Other minor differences in risk factor 
intensity were present, although they did not alter the overall 
interpretation of the results (Figures 5, 6).

4. Discussion

4.1. Major findings

The present study focused on the incidence and determinants 
of access to selected healthcare services in a largely healthy 
population of subjects who had a diagnosis of SARS-CoV-2 in the 
Emilia-Romagna and Veneto regions, Italy. The analysis covers 
people diagnosed in the period from February to December 2020, 
when vaccination against COVID-19 was not yet available. The 
outcome (combination of outpatient care and drug prescriptions) 
occurred in a high percentage of subjects (25% cumulative 
incidence in E-R and 21% in Veneto) during the PAP, i.e., from day 
31 to day 365 after diagnosis of SARS-CoV-2. It should be however 
noted that the incidence in a health population in the absence of 
COVID-19 was not measured, leaving uncertainty about the 
proportion of outcomes directly attributable to the disease. 
Considering the two outcomes separately, outpatient care was 
observed more frequently than drug prescriptions (18% vs. 12% in 
E-R and 15% vs. 10% in Veneto). The most frequently administered 
drugs were cardiovascular system drugs and corticosteroids, 
whereas the most common category of outpatient care was the 
cardio-respiratory one. Hospitalization occurred more rarely (about 
3%). The cumulative incidence curve grows steadily for the 
combined outcome and for the outpatient care outcome. For drug 
prescriptions, growth appears steeper in the first month of follow-up 
in the PAP. The curves show significant differences if the analysis is 
stratified by severity of acute COVID-19. In particular, subjects 
with severe forms showed a much steeper increase in cumulative 
incidence in the first part of the follow-up, especially for drug 
prescriptions. Risk factors associated with the combined outcome 
were female sex, age over 40 years, moderate to severe acute 
COVID-19, and acute extrapulmonary complications occurring 
during the AP. Although there are differences, the risk factors 
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FIGURE 3

Cumulative incidence curves of drug prescriptions and outpatient care in subjects at low risk of severe COVID-19 disease, by COVID-19 severity. 
Notes: (A)  =  incidence of outcomes in Emilia-Romagna; (B)  =  incidence of outcomes in Veneto; (C)  =  incidence of the combined outcome in Emilia-
Romagna, by COVID-19 severity; (D)  =  incidence of the combined outcome in Veneto, by COVID-19 severity; (E)  =  incidence of selected drug 
prescriptions in Emilia-Romagna, by COVID-19 severity; (F)  =  incidence of selected drug prescriptions in Veneto, by COVID-19 severity; (G)  =  incidence 
of selected outpatient care in Emilia-Romagna, by COVID-19 severity; (H)  =  incidence of selected outpatient care in Veneto, by COVID-19 severity. In 

(Continued)
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associated with outpatient care and drug prescriptions (considered 
separately) are the same as those associated with the combined 
outcome. Having Italian citizenship is an exception, as it was a risk 
factor for the prescription of drugs and a protection factor for 
outpatient visits in the follow-up. This finding may be related to a 
different use of private outpatient care. Acute COVID-19 
extrapulmonary complications is another exception, as it was 
strongly associated with drug prescriptions, but not with 
outpatient care.

4.2. Consistency between cohorts

The results of the two cohorts, although providing quite consistent 
results, show a greater frequency of outcomes in E-R than in Veneto 
Region. The meta-analysis of the factors associated with the outcome 
shows heterogeneity which is high for some variables such as the 
severity of the acute COVID-19. In particular, the negative effect of 
increasing COVID-19 severity on the need for outpatient care was 
more intense in Veneto than in E-R. These findings can be explained 

sub-figures (A) and (B), red lines indicate the composite outcome, blue lines indicate the drug prescription outcome, and purple lines indicate the 
outpatient care outcome. In sub-figures from (C–H), green lines indicate low severity subjects, yellow lines indicate mild severity subjects, red lines 
indicate moderate severity subjects and black lines indicate severe subjects. In all sub-figures, lines indicate punctual estimates of the cumulative 
incidence function and areas represent 95% confidence intervals. Confidence intervals were calculated with the asymptotic Aalen method. 
CI  =  confidence interval.

FIGURE 3 (Continued)

TABLE 2 Access to healthcare services of subjects at low risk of severe COVID-19 disease during the post-acute phase.

Type of care Emilia-Romagna (N  =  35,128) Veneto (N  =  88,881)

n % n %

Combined outcome 9,208 26.2% 19,769 22.2%

 Selected drug prescriptions 4,633 13.2% 9,409 10.6%

 Selected outpatient care 6,523 18.6% 14.108 15.9%

Drug prescriptions 15,513 44.2% 33,622 37.8%

 Cardiovascular system / antithrombotica 2,114 6.0% 4,202 4.7%

 Antidiabetica 165 0.5% 256 0.3%

 Nervous systema 563 1.6% 1,036 1.2%

 Respiratory systema 798 2.3% 1,580 1.8%

 Oxygena 6 0.0% 32 0.0%

 Corticosteroidsa 1,671 4.8% 3,433 3.9%

 Antibacterial 5,936 16.9% 13,219 14.9%

 Hydroxychloroquine 48 0.1% 131 0.2%

 Other drugs 11,208 31.9% 22,699 25.5%

Outpatient care 23,248 66.2% 36,965 41.6%

 Cardio-respiratoryb 4,059 11.6% 8,103 9.1%

 Vascularb 949 2.7% 1,515 1.7%

 Neuro-psychiatricb 668 1.9% 1,271 1.4%

 Rehabilitation-motorb 685 2.0% 2,005 2.3%

 Nephrologyb 33 0.1% 58 0.1%

 Diabetesb 1,362 3.9% 3,805 4.3%

 Other visits / procedures 22,590 64.3% 32,214 36.2%

Acute care hospitalization 1,292 3.7% 2,837 3.2%

Community hospital 3 0.0% 4 0.0%

Long-term care facility 10 0.0% 49 0.1%

Emergency room 5,099 14.5% 12,738 14.3%

Integrated home care 54 0.2% 350 0.4%

Notes: a = included in selected drug prescriptions outcome; b = included in selected outpatient care outcome. The sum of individual items may differ from the totals, as subjects may have more 
than one outpatient care episode or drug prescription during the post-acute phase.
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by the differences in diagnostic testing policies in place in the two 
Regions in early 2020, when Veneto Region was the first to implement 
intensive diagnostic testing and contact tracing procedures, leading to 
a higher share of asymptomatic individuals as opposed to 
paucisymptomatic or weakly symptomatic ones (29). The lower 
incidence of outcomes observed in the Veneto cohort for subjects 
classified at low severity is consistent with this hypothesis. Furthermore, 
the cumulative incidence for mild, moderate, and severe patients was 
higher in Veneto than in E-R. This may depend on different long-term 
case management policies for hospitalized subjects in the two Regions.

4.3. Implications for clinical practice

The study results showed a remarkable frequency of outpatient 
care and drug prescriptions in the post-acute follow-up period. These 
data suggest that long-term effects of COVID-19 needing clinical 
attention occur in a substantial percentage of cases, even among a 
previously healthy population with low or mild severity of acute 
COVID-19. The latter finding may be very important for clinicians 
and for healthcare policy makers as, thus far, an active follow-up has 
often been restricted to COVID-19 patients with moderate or severe 
infection (3). Our data may indeed suggest the need for a greater 
clinical attention in the follow-up after SARS-CoV-2 infection, also in 
a non-hospitalized low-risk population, as other recent reports have 
suggested (4, 18, 23). Furthermore, in subjects with severe acute 
COVID-19, a high frequency of outpatient visits and prescriptions is 
observed in the first part of the follow-up, suggesting that there may 
be a continuation of the AP (defined by NICE as ongoing COVID). 
Our results also contribute to the evidence on risk factors for the post-
COVID syndrome and are in line with previous studies carried out in 
other populations of COVID-19 patients (3–6, 18, 23).

4.4. Implications for research

Based on the results of our study, the access to outpatient care and 
drug prescriptions was very frequent even in a low-risk population. 
The significant healthcare resource consumption related to such 
outpatient care and administration of drugs should therefore 
be considered by researchers when evaluating the healthcare burden 
after a SARS-CoV-2 diagnosis. Moreover, our data can be useful for 
setting benchmarks in the levels of access to selected healthcare 
services, as they are referred to a large unvaccinated population at low 
risk of severe acute COVID-19.

4.5. Limitations

This study used healthcare administrative databases as data sources; 
therefore, only drug prescriptions and outpatient care provided by the 
regional healthcare systems were included in the analysis. In addition, 
there are no data on diagnoses of outpatient care and indications for drug 
prescriptions. The occurrence of selected drug prescriptions and selected 
outpatient care was indeed used as the outcome variable and considered 
as a proxy for long COVID. Therefore, the present analysis was only able 
to assess a variation in prescriptions and outpatient services in general 
terms, whereas no information on the incidence and risk factors of single 

FIGURE 4

Assessment of risk factors for the combined outcome. Notes: Results 
for each cohort were estimated using multivariable Fine-Gray 
subdistribution hazard models. Confidence intervals for hazard ratios 
in the two cohorts were calculated with the Wald method based on 
normal approximation and were two-sided. Pooled results were 
estimated using random effects meta-analysis with inverse variance 
weights and maximum likelihood estimator for between-study 
variance. The models also included the following independent 
variables: risk of hospitalization and death score (only in the E-R 
cohort), and Local Health Units (8 in E-R and 9 in Veneto). Additional 
results for these variables are reported in Supplementary Table 4. The 
combined outcome includes selected drug prescriptions and 
selected outpatient care, whichever came first. Heterogeneity was 
measured with the tau (τ) statistic and its significance was assessed 
with the Cochran’s Q test. HR  =  subdistribution hazard ratio. 
CI  =  confidence interval. p  =  p-value.
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FIGURE 5

Assessment of risk factors for drug prescriptions. Notes: Results for 
each cohort were estimated using multivariable Fine-Gray 
subdistribution hazard models. Confidence intervals for hazard ratios 
in the two cohorts were calculated with the Wald method based on 
normal approximation and were two-sided. Pooled results were 
estimated using random effects meta-analysis with inverse variance 
weights and maximum likelihood estimator for between-study 
variance. The models also included the following independent 
variables: risk of hospitalization and death score (only in the E-R 
cohort), and Local Health Units (8 in E-R and 9 in Veneto). Additional 
results for these variables are reported in Supplementary Table 4. 
Heterogeneity was measured with the tau (τ) statistic and its 
significance was assessed with the Cochran’s Q test. 
HR  =  subdistribution hazard ratio. CI  =  confidence interval. 
p  =  p-value.

FIGURE 6

Assessment of risk factors for outpatient care. Results for each 
cohort were estimated using multivariable Fine-Gray subdistribution 
hazard models. Confidence intervals for hazard ratios in the two 
cohorts were calculated with the Wald method based on normal 
approximation and were two-sided. Pooled results were estimated 
using random effects meta-analysis with inverse variance weights 
and maximum likelihood estimator for between-study variance. The 
models also included the following independent variables: risk of 
hospitalization and death score (only in the E-R cohort), and Local 
Health Units (8 in E-R and 9 in Veneto). Additional results for these 
variables are reported in Supplementary Table 4. Heterogeneity was 
measured with the tau (τ) statistic and its significance was assessed 
with the Cochran’s Q test. HR  =  subdistribution hazard ratio. 
CI  =  confidence interval. p  =  p-value.
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drugs and outpatient services can be derived. Secondly, our results refer 
to unvaccinated subjects, but the epidemiological features of long COVID 
have changed significantly since the introduction of vaccines. Thirdly, 
unmeasured characteristics (e.g., environmental, lifestyle and genetic 
characteristics, SARS-CoV-2 variants) may have affected our results. 
Furthermore, outpatient care could result to some extent from the 
implementation of algorithms for the patient’s follow-up, regardless of 
persistence or recurrence of symptoms or the emergence of new ones. 
This limitation could have caused an overestimation of the incidence of 
study outcomes, particularly those related to outpatient diagnostics. 
Another potential limitation is in the criteria for the selection of a healthy 
population at low risk of severe acute COVID-19 from administrative 
databases. It is indeed possible that some non-healthy subjects, especially 
those with chronic diseases of minor clinical relevance (e.g., asthma), were 
included in the cohort due to the absence of relevant access to healthcare 
services in the one-year period before SARS-CoV-2 diagnosis. Similarly, 
the criteria for acute COVID-19 severity, being based on information 
available only for hospitalized subjects, may have been influenced by 
different health policies and hospital capacity during different pandemic 
periods. Finally, no control group of subjects who were not diagnosed 
with SARS-CoV-2 infection was considered, leaving uncertainty on the 
incidence and risk factors of outcomes directly attributable to COVID-19.

4.6. Strengths

The study data sources allowed for a multicenter population-based 
design (all cases of COVID-19 that met the inclusion criteria in two 
Italian Regions) and for a long follow-up period (one year from the 
diagnosis of SARS-CoV-2 infection). These are strengths compared to 
most published studies which present one or more limitations reducing 
the validity and generalizability of the results (3.17). The most frequent 
flaws of published studies refer to small or selected samples (e.g., focus 
on hospitalized or more symptomatic patients) and short follow-up 
periods (e.g., less than 12–24 weeks). Other limitations of the available 
studies relate to design (e.g., in surveys, people who are still unwell or 
who have had a long-lasting illness are more likely to participate and 
recall symptoms) and case definition (e.g., the use of serology as an 
inclusion test makes the dating of the infection inaccurate) (3.17). 
Moreover, the selection of low-risk subjects (i.e., no hospitalization, 
visit to the emergency room, prescription of specific drugs or specific 
outpatient visits in the year preceding the diagnosis of SARS-CoV-2 
infection) makes the observed outcomes in the follow-up period 
largely attributable to the post-COVID syndrome.

5. Conclusion

Management of patients with a previous SARS-CoV-2 infection 
should be  targeted to ongoing symptoms and new ones that have 
occurred. It must therefore take into account the severity of acute 
COVID-19 but also adapt to the clinical needs that may have emerged 
later on.
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