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Post COVID-19 Condition (PCC) is a clinical syndrome following COVID-19 disease. PCC symptoms in
adults entail significant productivity loss and reduced quality of life. This study aimed at estimating
the epidemiological and economic burden of PCC among the working-age population of Italy and

the US. This ecological analysis was conducted on data from January 2020 to April 2023, regarding
population aged 18-64. PCC incidence for the US was retrieved from publicly reported estimates,
while for Italy it was estimated from COVID-19 cases. Prevalence of factors associated with PCC and
parameters to calculate temporary productivity losses (TPL) were retrieved. An estimated incidence
rate ratio (eIRR) of PCC incidence in Italy and the US was calculated. TPL for reduced earnings and
total quality-adjusted life years (QALYs) lost were also estimated. The ecological eIRR Italy/US was
0.842 [95%CI 0.672-1.015], suggesting that, holding COVID-19 cases constant, 15.8% fewer PCC cases
have occurred in Italy compared to the US. Overall PCC cases were found to be 12.0 [95%Cl 9.9-14.1]
million in the US, with 1.9 [95%Cl 1.6-2.3] million QALYs lost, and 2.4 [95%Cl 1.8-3.0] million in Italy,
with 0.4 [95%CI 0.3-0.5] million QALYs lost. Up to April 2023, the TPL was estimated to be Int$7.5
[95%CI 5.8-10.1] billion in Italy and $41.5 [95%Cl 34.3-48.7] billion in the US. PCC has had a significant
epidemiological and economic impact on the working-age population. The findings from this study
may be of use for health planning and policy regarding PCC in working-age adults.

Keywords Post COVID-19 condition, Quality-adjusted life years loss, Productivity loss, Health policy,
Epidemiological burden

Post COVID-19 condition (PCC), also known as long COVID or post-acute sequelae of SARS-CoV-2 infection,
refers to the persistent signs, symptoms, and conditions experienced by individuals even after the acute phase of
COVID-19 has resolved!. PCC is now defined by the World Health Organization (WHO) as “the continuation
or development of new symptoms 3 months after the initial SARS-CoV-2 infection, with these symptoms lasting
for at least 2 months with no other explanation™.

A significant proportion of individuals recovering from COVID-19 may experience prolonged symptoms.
Woodrow et al. found a prevalence estimate of 42.1% in their systematic review, with values ranging from 0
to 93% in the various studies selected®. This result agrees with another meta-analysis estimating a global PCC
prevalence of 43%*, while another paper showed that 80% of individuals with a confirmed COVID-19 diagnosis
presented at least one long-term symptom?®.

PCC encompasses a wide range of symptoms that could significantly impact the physical, mental, and func-
tional well-being of affected individuals. While the acute phase of COVID-19 primarily affects the respiratory
system®, PCC affects various organ systems, such as the respiratory, cardiovascular, nervous, renal, endocrine
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and gastrointestinal systems’. The most common symptoms reported include fatigue, cognitive impairment,
and dyspnea; other frequent symptoms include sleep disturbances, headache, joint pain, myalgia and mental
health symptoms*>#°. The severity and duration of PCC symptoms can vary considerably with some individuals
experiencing mild symptoms that gradually improve over time, while others endure persistent and debilitating
symptoms that significantly impact their daily lives'.

The consequences of PCC might be challenging even for its socio-economic implications, that include: (i)
reduced quality of life (QoL), due to the prolonged nature of the symptoms; (ii) reduced productivity, due to
limitations in performing daily tasks and fulfilling work responsibilities, or directly attributable to increased
absenteeism and reduced working hours; and (iii) substantial healthcare costs, as affected individuals may require
ongoing medical consultations, diagnostic tests, therapeutic interventions and supportive services to manage
their symptoms and address potential complications®.

Despite the growing recognition of PCC and its multifaceted implications, there are still significant research
gaps that need to be addressed, including the need for more comprehensive evidence on the epidemiological
and economic burden of PCC and the identification of effective health policy interventions. The recognition of
PCC varies between countries; in the US, the International Classification of Diseases 11th Revision (ICD-11) is
utilized, which includes a specific diagnosis code for PCC. Conversely, Italy currently still lags behind without
providing a specific diagnosis code for PCC and data on its incidence. The aim of this study is to estimate the
magnitude of the epidemiological and economic burden, among working age individuals, posed by PCC in Italy
and the US.

Results

Epidemiological considerations from the existing evidence

By combining proportions of risk factors in Italian and US population with corresponding effect sizes, on aver-
age, the ecologically estimated PCC incidence rate ratio (eIRR) between Italy and the US (see “Statistical analysis
of epidemiological parameters” in the “Methods” section for the details about the computation of this metric)
can be estimated at 0.842 [95% CI 0.672-1.015; 90% CI 0.705-0.992]. Therefore, according to this model, in
the working age group, an equal number of COVID-19 cases has resulted in 15.8% fewer cases of PCC in Italy
compared to the US. Table 1 reports all details about the impact of each single variable after considering both
prevalence and effect size data.

Particularly, it could be estimated that the higher vaccination status in Italy may have brought to a reduction
in PCC incidence by almost 10% for an equal number of COVID-19 cases, compared to the US (eIRR=0.902
[95% CI 0.888-0.915]). Considering the period with available vaccines only (i.e., from December 2020 to April
2023), the reduction in PCC incidence would rise to roughly 16% (eIRR =0.841 [95% CI 0.823-0.859]).

Starting from the available number of COVID-19 cases in the US and from the expected incidence of PCC,
we could suppose the total number of PCC cases in the US to be 12.0 [95% CI 9.9-14.1] million, corresponding
to 1.9 [95% CI 1.6-2.3] million QALYs lost. By applying the obtained eIRR, and considering both US figures and

Adjusting factor ‘ Value ‘ 95% CI
Comorbidities
Obesity 0.953 | 0.887-1.019
Type 2 diabetes 0.995 | 0.992-0.997
Hypertension 0.955 |0.769-1.141
Asthma 0.989 | 0.979-0.998
COPD 0.995 | 0.986-1.003
IHD 1.001 1.000-1.001
CKD 0.997 |0.991-1.003
Depressive disorders 0.997 | 0.989-1.004
Anxiety disorders 0.994 | 0.981-1.006
Risk factors
Smoking 1.010 | 1.007-1.013
Sex 1.052 | 1.052-1.052
Vaccination status®
Vaccines (I, II, IIT doses):
‘Whole period (Jan 2020-Apr 2023) 0.902 | 0.888-0.915
Period with vaccines available (Dec 2020-Apr 2023) 0.841 | 0.823-0.859
Overall eIRR 0.842 |0.672-1.015

Table 1. Adjusting factors for estimating PCC cases, obtained after combining epidemiological data with
boundary conditions derived from the literature. COPD chronic obstructive pulmonary disease, CKD chronic
kidney disease, eIRR estimated incidence rate ratio, IHD ischemic heart disease. *In order to consider the time
in which vaccines were actually administered, this value was computed as the ratio between integral sums (per
day) of the risk yielded by the proportions of people with 0, 1, 2 or 3 doses in Italy and in the US, weighted by
the respective coeflicients shown in Table 5.

(2024) 14:19407 | https://doi.org/10.1038/s41598-024-70437z nature portfolio

Scientific Reports |



www.nature.com/scientificreports/

the number of COVID-19 cases in Italy, we could estimate an occurrence of 2.4 [95% CI 1.8-3.0] million PCC
cases in Italy, with 0.4 [95% CI 0.3-0.5] million QALY lost.

The economic cost of PCC in Italy and US

Up to April 2023, the TPL was estimated to be Int$7.5 [95% CI: Int$5.8-Int$10.1] billion and $41.5 [95% CI
$34.3-$48.7] billion in Italy and in the US, respectively. Table 2 lists the economic costs for each working age
class. An age-wise distribution showed that in Italy people aged 50-64 years contributed to the highest loss in
income, accounting for 44% of the total loss. In the US, those aged 30-39 years experienced the highest income
loss, contributing to 29.7% of the total.

In the same period, the cost of reduced QoL was computed to be Int$14.7 [95% CI Int$10.9-Int$19] billion
in Italy, corresponding to 0.47% of the national GDP. For the US, the same cost was estimated to attain $196.3
[95% CI $162.2-$230.3] billion, i.e. 0.94% of the country’s GDP. Table 3 highlights the economic loss due to
reduced health for each working age group.

Discussion

Our data suggest that PCC imposes a substantial epidemiological and economic burden both in Italy and in
the US. These findings contribute to previous studies that examined the economic impact of long-term health
complications of COVID-19 within the US population. In late 2020, Cutler forecast a loss of $2.6 trillion while
in 2022 his estimate projected a net income loss of $1 trillion. When adding lost QALYs and increased medical
spending, the total loss was $3.7 trillion'?. Other studies have also estimated the populations unable to work or
working reduced hours due to PCC'*-1°. Particularly, a recent report reckoned that up to 4 million Americans
were out of work in 20226,

The joint reading of study findings suggests some main implications for decision-making in the healthcare
sector. Firstly, almost two thirds of the positive effect estimated by the eIRR is attributable to the protective role
of COVID-19 vaccination. As of January 2024, nearly 48 million people in Italy are fully vaccinated (81.2% of
the total population)'’, whereas the same proportion attains just 69.5% in the USA. A recent study compared
vaccinated (at least one dose) and unvaccinated people who contracted COVID-19 only after allocation: findings

TPL [95% CI]
Country | Agegroup | PCC cases, thousands [95% CI] | Overall, Int$ billions | Per capita, Int$
Italy
18-29 245 [183-317] 0.71 [0.53-0.91] 120 [90-154]
30-39 526 [393-680] 1.74 [1.31-2.25] 264 [198-341]
40-49 642 [479-830] 2.12 [1.59-2.75] 258 [194-335]
50-64 938 [700-1212] 3.25 [2.42-4.19] 234 [174-301]
Total 2351 [1755-3039] 7.81 [5.83-10.10] 226 [168-292]
United States of America
18-29 3,418 [2825-4012] 7.13 [5.89-8.37] 159 [131-186]
30-39 3082 [2546-3616) 12.32 [10.18-14.45] 264 [218-310]
40-49 2626 [2170-3082] 10.50 [8.67-12.32] 246 [203-289]
50-64 2890 [2388-3392] 11.55 [9.55-13.56] 182 [150-213]
Total 12,016 [9929-14,102] 41.50 [34.29-48.70] 210 [173-246]

Table 2. Temporary productivity loss due to PCC in Italy and USA. Temporary productivity loss values are
expressed in international dollars (Int$). For the United States, US dollars reflect the same purchasing power
parity of the international dollars. CI confidence intervals, PCC post COVID condition, TPL temporary

productivity loss.
Economic loss [95% CI]
Country QALYs lost, thousands [95% CI] Overall, Int$ billions Per capita, Int$
Italy
14.7
384 [287-496] [11.0-19.0] 425 [316-550]
United States of America
1960 [1620-2300] [119662'31_230 - 1033 [853-1212]

Table 3. Reduced quality of life and relative economic impact due to PCC. Economic loss values are expressed
in international dollars (Int$) in billions. For the United States, US dollars reflect the same purchasing power
parity of the international dollars. CI confidence intervals, QALYs quality-adjusted life years.
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showed that vaccination significantly lessens the risk of developing PCC in adults and pointed at the protective
effectiveness of vaccines against infection with SARS-CoV-2 as a key factor in population-level prevention of
PCC'". Tsampasian et al. also suggested that two doses determined 40% lower risk of developing PCC'; Notarte
et al. systematically gathered primary evidence regarding a protective role of vaccination against PCC*.

The wide vaccine coverage achieved in Italy was obtained through mass vaccination and governmental policies
to optimize adherence and compliance (e.g., Green Pass introduction, personal restrictions, gradually compulsory
vaccination)*-?%, In the US, vaccine hesitancy during the pandemic has proven to be a noteworthy, multifactorial
phenomenon?®%, since, despite substantial supplies and resources, the vaccination rate was low compared to
other high-income countries”, especially due to inequalities?®. Therefore, in light of these findings, vaccination
campaigns should be planned and strengthened by building confidence in public perceptions, empowering
transparent and effective communication, and curbing vaccine hesitancy through tailored vaccine-promoting
health policies that address and dismantle disparities®.

Secondly, one third of the positive effect is due to a lower prevalence, in Italy, of underlying conditions
likely associated with a higher risk of developing PCC, as widely supported in literature**-**. Interestingly, non-
modifiable risk factors are unlikely to determine differences between the two nations, as both older age and
female-male ratio are similar in both countries*. Of note, while severity of COVID-19 course puts at higher risk
for more severe PCC, even mild cases are at risk for PCC***¢, supporting the necessity for mitigation practices
(e.g., mask wearing, physical distancing), since vaccines showed heterogeneous effects on lowering transmission
rates of different strains®.

As the demographic aging phenomenon has arisen in the last decades, along with a consistently heavier
burden from chronic diseases, the Italian National Health Service (NHS) has focused on implementing and
strengthening policies at a national (i.e., National Chronicity Plan and National Prevention Plan’®), regional
and local level, to meet the emerging, complex and multidisciplinary health needs that chronic diseases carry™®.
In the US, PCC was recognized as a disability under the Americans with Disabilities Act (ADA)* in July 2021.
The Social Security Administration also acknowledges PCC as a disability that may qualify for Social Security
Disability Insurance (SSDI) benefits. For workers experiencing significant mental or physical impairment, the
US Department of Labor requests both work accommodations (e.g., working remotely, providing training to
change the employee’s job position, allowing flexible scheduling, etc.) and SSDI benefits to be offered by compa-
nies. Conversely, no workplace policies directly address adjustments for PCC patients in Italy. However, a recent
multidisciplinary panel established good care practices targeted to patients with PCC, healthcare professionals
and the healthcare system, mentioning performance reduction at work as an evaluation area to be addressed
with a multidisciplinary team*!.

These findings lead to further implications related also to the prevention of similar phenomena concern-
ing future epidemics, burdening economic productivity, and systemic actions required to manage the current
population with PCC. For this first issue, epidemic plans fostering national preparedness policies in community
settings and workplaces, supported by operational plans at subnational levels, should be issued, reviewed and
revised according to evidence-based literature; lessons learnt from regional or global outbreaks; or evolution of
national or international legislation about communicable disease prevention and control. In relation to a better
management of PCC, access and continuity of care programs should be implemented to address the diverse needs
of these patients, such as symptoms management and workplace adjustments, through integrated care pathways
involving multi-disciplinary teams, facilitating the return to productive employment according to the perspective
of workplace disability management*?. In this view, healthcare professionals’ training needs to be prioritized to
ensure patients receive proper diagnosis and access care pathways.

The study’s findings should be read considering its strengths and limitations. The PCC is topical and still
underrepresented in scientific literature. Notwithstanding, the most updated evidence was used in the analyses. In
the comparison between Italy and the US, heterogeneity of age class structure was noted among some parameters
of interest (see, for instance, age group classifications for epidemiological data, employment and comorbidities
in Table 4), as well as slight mismatches among time points when respective data were available, and possible
collinearity between variables (e.g. different comorbidities could be related to one another). Nonetheless, these
parameters were only used as adjusting factors, hence a slight mismatch between age groups or possible collin-
earity between variables are unlikely to bear any significant effect on final predictions. Moreover, technically, the
impact of each variable might have been slightly overestimated, as the ORs were used as effect sizes instead of the
RRs: however, all the adjustment variables had modest effect sizes (i.e., all ORs are close to 1) and the expected
prevalence of the event (i.e. PCC) is around 20%, so we can assume that ORs can be considered as a good proxy
without substantially biassing the analysis*.

Although vaccine waning could impair the protective effect against PCC in the long term, the impact of
booster doses is yet to be studied. Of note, differences between pre-Delta, Delta and Omicron variants in deter-
mining prolonged symptoms were no longer significant, after accounting for vaccination status*.

Moreover, a sharp difference in the available estimates of economic loss per QALY was found between the
US and Italy, which led to huge differences in the overall estimate for QoL-related losses that may affect this
comparison. The main reasons for such differences in the monetary value of QALY are to be sought by several
factors, characterizing each country, related to the economic differences, cost of living and income levels, health-
care system structure, and cultural and societal values. Economically, compared to Italy, the United States has a
higher GDP per capita* and spends more on healthcare per capita®, which translates to a higher willingness and
ability to pay for healthcare interventions. Additionally, the cost of living and income levels in the United States
are generally higher, leading to a higher valuation of health benefits. The structure of the healthcare system also
plays a significant role: the US system, with its reliance on private insurance and higher out-of-pocket payments,
values health outcomes more monetarily to justify expensive treatments. In contrast, Italy’s publicly funded
healthcare system prioritizes cost-effectiveness and equitable resource distribution, resulting in a lower monetary
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Italy United States
Parameter Age group | Estimate Age group Estimate | Source
Demographic data
20-24 14 20-24 11.0
25-29 14 25-29 11.1
30-34 1.6 30-34 11.8
35-39 1.7 35-39 11.3
Female population (millions) 40-44 1.9 40-44 11.0 0
45-49 2.2 45-49 10.2
50-54 2.4 50-54 10.6
55-59 2.5 55-59 10.7
60-64 22 60-64 11.0
20-24 1.5 20-24 11.4
25-29 1.6 25-29 11.4
30-34 1.6 30-34 12.0
35-39 1.7 35-39 11.5
Male population (millions) 40-44 1.9 40-44 11.2 50
45-49 2.2 45-49 10.2
50-54 24 50-54 10.6
55-59 2.4 55-59 10.3
60-64 2.0 60-64 10.4
Epidemiological data
19.8
20-29 2.8 (47.5%) 18-29 (44.1%)
16.2
— 0 —
30-39 3.4 (51.5%) 30-39 (34.8%)
COVID-19 cases (millions, % out of the age group population) 138 5455
40-49 4.1 (50.0%) 40-49 (32.4%)
50-59 4.3 (44.3%)
50-64 182
60-69 2.9(37.1%) (28.6%)
No: 5.4
70
(17.7%)
No: 0.5 (8.4%) >1d:25.1
>1d: 5.4 (91.6%) (82.3%)
20-29 >2d: 5.1 (86.5%) 18-24 >2d: 20.4
>3d: 4.1 (69.5%) (66.9%)
>3d: 7.4
(24.3%)
No: 11.3
(16.5%)
No: 0.8 (12.1%) >1d: 57.1
>1d: 5.8 (87.9%) (83.5%)
30-39 >2d: 5.5 (83.4%) 25-39 >2d: 47.6
>3d: 4.4 (66.7%) (69.6%)
>3d: 19.1
COVID-19 vaccinations by number of doses up to April 30th, 2023 (millions, % out of the age group (27.9%) 5556
population) Noi45
(11.1%)
No: 0.8 (9.9%) >1d:36.2
>1d:7.3 (90.1%) (88.9%)
40-49 >2d: 7.0 (86.4%) 40-49 >2d:31.2
>3d: 6.0 (74.1%) (76.6%)
>3d: 15.0
(36.8%)
No: 2.8
(4.4%)
No: 1.2 (12.5%) >1d: 60.9
>1d: 8.4 (87.5%) (95.6%)
50-59 >2d: 7.9 (82.3%) 50-64 >2d: 53.3
>3d: 7.6 (79.2%) (83.7%)
>3d: 31.0
(48.7%)
Employment
Continued
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Ttaly United States
Parameter Age group | Estimate Age group Estimate | Source
20-29 é&?;l 68) 18-24 120$
30-39 (I 189)
Hourly salary (a) 40-49 éIlrf;l 8.9) 57.58
25-64 23.0$
50-59 2125?$€19.9)
60-69 éIzr;(t)$€l9.9)
20-29 42.6% 18-24 071.0%
Labor force (B) 30-49 75.7% 59,60
50-69 oa1% 25-64 78.2%
Working hours/week (8) 18-64 40 18-64 40
Prevalence of comorbidities and other risk factors
18-34 5.2% 20-39 39.8%
Obesity (w;) 35-49 9.5% 40-59 44.3% 6162
50-69 14.2% 60+ 41.5%
18-34 1.0% 20-39 4.4%
Type 2 diabetes (w,) 35-49 2.4% 40-59 16.4% 6163
50-69 8.5% 60 + 30.0%
18-34 2.3% 20-39 23.4%
Hypertension (w5) 35-49 9.5% 40-59 52.4% 61,64
50-69 34.8% 60+ 74.1%
20-54 4.2% 20-54 8.0%
Asthma (wy) 55-59 4.5% 55-59 10.1% 65
60-64 4.8% 60-64 11.4%
20-54 1.2% 20-54 1.5%
COPD (ws) 55-59 3.4% 55-59 7.0% 05
60-64 4.8% 60-64 10.0%
18-24 0.3%
18-44 1.0%
THD (w,) 25-44 1.2% o
45-54 4.4% 45-54 3.6%
55-64 7.0% 55-64 9.0%
20-54 5.3% 20-54 6.7%
CKD (w,) 55-59 9.1% 55-59 13.8% 65
60-64 11.4% 60-64 17.6%
20-54 5.0% 20-54 6.4%
Depressive disorders (wg) 55-59 5.4% 55-59 4.8% 05
60-64 5.5% 60-64 4.4%
20-54 6.6% 20-54 8.4%
Anxiety disorders (wy) 55-59 6.3% 55-59 7.2% 5
60-64 6.3% 60-64 6.5%
20-24 22.9% 18-24 5.3%
2534 25.7% 25-44 12.6%
Smoking () 35-44 24.8% 6667
45-54 23.0%
55-59 20.1% 45-64 14.9%
60-64 20.5%
PCC incidence (available for the US only)
Estimated incidence of PCC among people who ever had COVID-19 - - All ages 24.1% 1
Quality of life
$100,000
Value for QALY (p) All ages fﬁi’g;;zoz) All ages (llong) o) 68,69

Table 4. List of retrieved parameters specific to Italy and the United States. For the United States, US dollars
reflect the same purchasing power parity of the international dollars. COPD chronic obstructive pulmonary
disease, CKD chronic kidney disease, IHD ischemic heart disease, PCC post-COVID condition, QALY quality-
adjusted life year, Int$ international dollar, € euro, $ US dollar.
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value for QALYs". Cultural and societal values further influence these valuations, as the USA tends to emphasize
extending life at higher costs, while Italy focuses on broader access to healthcare. In fact, the comparison between
Italy and the US is subject to limitations arising from the aforementioned differences between these countries.
However, the availability of incidence estimates for the US allowed applying a more robust methodology than
would have been feasible by benchmarking countries more similar to Italy, such as the United Kingdom, where
point or period prevalence data only were available*®. Eventually, the potential limitation arising from the fact
that the US incidence of PCC among COVID cases is estimated from a survey conducted as early as in 2021, i.e.
without the knowledge from the most recent years, is unlikely to bear a significant impact on the calculation,
as symptoms characterizing PCC were sufficiently clear from the beginning: indeed, the relative stability of the
period prevalence estimates is suggestive of a sort of steady state of this phenomenon also in 2022-2023, at least
from a diagnostic point of view*.

Further studies should replicate the analyses in more countries, by employing more robust and updated data
on epidemiology and disutility of PCC. Effects of PCC on society are not limited to loss of productivity in the
employed population. Children and adolescents experiencing PCC symptoms that hinder learning in the school
setting and force them to fall behind represent the future working class. Future research should focus on exploring
potential consequences (i.e., psychophysical, social, cultural, economic) and preventing them.

In conclusion, PCC has been a consequence of an unexpected illness due to a novel virus, representing a
significant public health issue. Our results are an example of how a healthier population, with fewer comorbidi-
ties, allows for a better preparedness for public health emergencies. These factors also come along with positive
externalities in the socio-economic sphere consisting of lower losses of productivity and detriments in QoL.

Our research serves as a call to action for decision-makers to address PCC, steering the implementation of
robust health policies and programs and the pursuit of adequate primary prevention strategies to pave the way
towards a healthy and productive society.

Methods

The study used aggregated and anonymous data only, which ensured full conformity with the Helsinki Decla-
ration of Ethical Principles and with Italian (Law 2003/196) and international (EC/2016/679) data protection
regulations. No informed consent provisions were applicable for the same reason.

Study design and target population

This study was an ecological analysis based on data publicly available on scientific databases and institutional
repositories. Data were searched for Italy and the US until March 26, 2024, in relation to the period from the
beginning of the pandemic onwards. Owing to the lack of point data reported since May 2023, we restricted the
analysis to the period between January 1, 2020 to April 30, 2023 (40 months overall). The entire analysis included
working-age individuals, where working age was defined as between 18 and 64 years.

Data sources and model inputs

An overview of secondary scientific studies (i.e., systematic reviews with/without meta-analysis) was performed
to assess possible factors associated with the development of PCC and collect effect sizes. Moreover, institutional
websites were looked up for the respective demographic, epidemiological and socio-economic data for each
country.

Data sources for all the parameters included in the analyses are summarized in Tables 4 and 5. Table 4 includes
information specifically retrieved from institutional websites for Italy and the US, while Table 5 shows parameters
that were derived from the literature and used as weights for country-level data, with the assumption of no differ-
ence in variables’ impact between the two countries. According to the literature, individual conditions associated
with developing PCC were smoking status and female sex. Diseases shown to be associated with a higher occur-
rence of PCC by the literature were obesity, type 2 diabetes mellitus (T2DM), hypertension, asthma, chronic
obstructive pulmonary disease (COPD), ischemic heart disease (IHD), chronic kidney disease (CKD), depres-
sion and anxiety disorders (Table 5). Data published in journal studies or institutional repositories showed that
the USA recorded higher prevalence of the major comorbidities such as obesity, T2DM, hypertension, asthma,
COPD and CKD compared to Italy; on the contrary, Italy had a higher share of smokers, while prevalence rates
for anxiety, depressive disorders and IHD were similar for the two countries. COVID-19 vaccination rates were
also higher in Italy for all age groups, with more than 60-80% of the population fully covered with the booster
dose, compared to corresponding rates below 30-50% in the US (Table 4).

Statistical analysis of epidemiological parameters

The statistical software R (version 4.2.2) was used for all statistical analyses. Given the absence of any institutional
estimate for the occurrence of PCC cases in Italy, this number was estimated starting from US data'? with a two-
step approach: the first step involved considering factors associated with developing PCC after COVID-19 and
analyzing them ecologically in order to provide an estimated Italy/US incidence rate ratio (eIRR) that could be
applied to the sum of at-risk population-time yielded by cases that tested positive for COVID-19 at least once in
each country. For each variable, analyses were stratified according to the age groups in turn provided by respec-
tive data sources, by keeping Italian and US demographic data®® as population weight for each group. Specifi-
cally, for each parameter i assessed (i.e., 12 parameters), a ratio (w;) was computed between the Italian and US
population, each pooled weighting by the respective prevalence of the condition i and effect size of i in terms of
odds ratios (ORs): the ORs were used as a proxy of risk ratios (RRs) given the presence of pooled estimates (i.e.,
meta-analyses), where the absence of prevalence data for relevant conditions prevented from converting ORs
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Parameter Value [95% CI if available] | Symbol Source
Employment

Disability due to PCC (%) 0.25 € 15
Duration of PCC (weeks) 17.38 N 70
Comorbidities (effect size on PCC incidence: OR)

Obesity 1.15 [0.94-1.42] A ©
Type 2 diabetes 1.06 [1.03-1.10] w, 19
Hypertension 1.30 [0.52-2.66] w3 71
Asthma 1.24 [1.05-1.48] W, 1
COPD 1.38 [0.70-2.74] W 1
IHD 1.28 [1.13-1.45] Wg 19
CKD 1.12 [0.85-1.48] w; 19
Depressive disorders 1.19 [0.60-2.37] Wy 19
Anxiety disorders 1.19 [0.60-2.37] Wy i
Other risk factors (effect size on PCC incidence: OR)

Smoking 1.10 [1.07-1.13] Wi 19
Female sex 1.57 [0.94-2.62] Wy, 19
Vaccination status (effect size on PCC incidence: OR)

One dose (all papers) 0.68 [0.55-0.83] 72
One dose (removing outliers) 0.99 [0.94-1.06] 72
Two doses (all papers) 0.57 [0.43-0.76) W, (combined) 9
Two doses (removing outliers) | 0.72 [0.59-0.87] 7
Three or more doses 0.16 [0.03-0.85] 72
Quality of life

Disutility due to PCC 0.49 Y 7

Table 5. Boundary conditions assumed and/or retrieved from the literature. COPD chronic obstructive
pulmonary disease, CKD chronic kidney disease, IHD ischemic heart disease, OR odds ratio, PCC post-
COVID condition, DOL U.S. Department of Labor, INPS National Institute for Social Security, BLS U.S.
Bureau of Labor Statistics, ISTAT Italian National Institute of Statistics.

into RRs. This weighting was performed stratifying by each age group j provided by the respective data sources,
according to the following formula:

32 Prragx (A jnot it @i XTTA i)
Prra
32 Pusjx (TUsjmot_i+@iXTUs,ii)
Pys

wi =

where g; is the effect size (i.e., risk or odds ratio) connected to the factor i on PCC development, Pjr4 is the overall
working-age population in Italy, P4 ; is the population in Italy for the age group j, 7174 jnor_i is the prevalence
of individuals without the condition i in the age group j in Italy, 77/74 ;i is the prevalence of individuals with the
condition i in the age group j in Italy. The same parameters are similarly defined for the US.

For each of these ratios, the uncertainty was computed considering the 95% confidence interval (CI) of the
effect sizes. Hence, the final eIRR between Italy and the US was computed as:

12
elRR =[] Wi
i=

by performing 10,000 simulations on the available uncertainty intervals; the median of the obtained distribution
was chosen as eIRR, and the 90% and 95% ClIs were computed.

The second step involved estimating the number of PCC cases in Italy by multiplying the obtained eIRR by
the incidence rate of PCC cases in the US, and rescaling it to the number of COVID-19 cases in Italy. The evalu-
ation of the 95% confidence interval followed the same approach described for the eIRR.

The number of PCC cases in the US was deduced from incidence estimates available on institutional websites
and updated using analogous input parameters and methods as mentioned for Italy (Tables 4, 5).

Analysis of economic parameters

The human capital approach (HCA) was adopted to estimate the productivity loss of temporary work absenteeism
(TPL) due to PCC*"*% The methodology suggested by Pearce et al.>* was used to implement the HCA framework.
Both for Italy and for the US, estimates of individual TPL (A) were calculated for each working age group j as
the weekly median wage (1) by the duration of the condition (i.e., length of absenteeism from work) (A). T was
obtained by multiplying the wage per hour (a) by the weekly working hours (8), adjusted for the effective reduc-
tion in labor supply due to significant impairment (¢) (Table 5).
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T=axdXe¢

A=1x 1

A was then multiplied by PCC cases (v), in each working age group j, and summed over them to obtain the

total cost of PCC-related reduced earnings (Q).

Q ZZ;:IA X Uj

Total lost QoL (IT) was calculated by multiplying the individual QALY loss () by the value of a year of good

health (1) and then by the PCC cases (v) in Italy and in the US. n was estimated by multiplying the QALY disutil-
ity of PCC (y) by the duration of PCC () (Table 5).

n=y xA2

M=nxupuxv

Data availability
Datasets gathering the data collected from the different sources, and used for the analyses produced in this study,
are available upon request to the corresponding author.

Received: 29 April 2024; Accepted: 16 August 2024
Published online: 21 August 2024

References

1.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

Center for Disease Control and Prevention. Long COVID or Post-COVID Conditions. Centers for Disease Control and Preven-
tion. Accessed 13 Feb 2024. https://www.cdc.gov/coronavirus/2019-ncov/long-term-effects/index.html (2023).

. World Health Organization, Europe. Post COVID-19 condition (Long COVID). Accessed 13 Feb 2024.https://www.who.int/

europe/news-room/fact-sheets/item/post-covid-19-condition (2024).

. Woodrow, M. et al. Systematic review of the prevalence of long COVID. Open Forum Infect. Dis. 10, 233 (2023).
. Chen, C. et al. Global prevalence of post-coronavirus disease 2019 (COVID-19) condition or long COVID: A meta-analysis and

systematic review. J. Infect. Dis. 226, 1593-1607 (2022).

. Lopez-Leon, S. et al. More than 50 long-term effects of COVID-19: A systematic review and meta-analysis. Sci. Rep. 11, 16144

(2021).

. National Institutes of Health. Clinical Spectrum of SARS-CoV-2 Infection [Internet]. National Institutes of Health—COVID-19

Treatment Guidelines. Accessed 13 Feb 2024. https://www.covid19treatmentguidelines.nih.gov/overview/clinical-spectrum/ (2023).

. Nalbandian, A. et al. Post-acute COVID-19 syndrome. Nat. Med. 27, 601-615 (2021).
. Soriano, J. B., Murthy, S., Marshall, J. C., Relan, P. & Diaz, . V. WHO clinical case definition working group on post-COVID-19

condition. A clinical case definition of post-COVID-19 condition by a Delphi consensus. Lancet Infect. Dis. 22, e102-e107 (2022).

. Natarajan, A. et al. A systematic review and meta-analysis of long COVID symptoms. Syst. Rev. 12, 88 (2023).

. Cutler, D. M. The costs of long COVID. JAMA Health Forum 3, 221809 (2022).

. Cutler, D. M. & Summers, L. H. The COVID-19 pandemic and the $16 trillion virus. JAMA 324, 1495 (2020).

. Cutler DM. The Economic Cost of Long COVID: An Update. Harvard Kennedy School—Mossavar-Rahmani Center for Business

& Government. Accessed 13 Feb 2024.https://www.hks.harvard.edu/centers/mrcbg/programs/growthpolicy/economic-cost-long-
covid-update-david-cutler (2022).

Davis, H. E. et al. Characterizing long COVID in an international cohort: 7 months of symptoms and their impact. eClinicalMedi-
cine 38, 101019 (2021).

Kwon, J. et al. Impact of long COVID on productivity and informal caregiving. Eur. J. Health Econ. https://doi.org/10.1007/s10198-
023-01653-z (2023).

Ham DI. Long-Haulers and Labor Market Outcomes. Federal Reserve Bank of Minneapolis—Opportunity & Inclusive Growth
Institute; 2022 Jul. Report No.: Institute working paper No. 60. Accessed 13 February 2024. https://researchdatabase.minneapoli
sfed.org/concern/publications/td96k268d.

Bach K. New data shows long Covid is keeping as many as 4 million people out of work. Brookings Institution. Accessed 13 Feb
2024. https://www.brookings.edu/articles/new-data-shows-long-covid-is-keeping-as-many-as-4-million-people-out-of-work/
(2024).

Mathieu E, Ritchie H, Rodés-Guirao L, Appel C, Giattino C, Hasell J, et al. Coronavirus Pandemic (COVID-19). Our World in
Data. Accessed 13 Feb 2024. https://ourworldindata.org/covid-vaccinations (2024).

. Catala, M. et al. The effectiveness of COVID-19 vaccines to prevent long COVID symptoms: Staggered cohort study of data from

the UK, Spain, and Estonia. Lancet Respir. Med. 12, 225-236 (2023).

Tsampasian, V. et al. Risk factors associated with post-COVID-19 condition: A systematic review and meta-analysis. JAMA Intern.
Med. 183, 566 (2023).

Notarte, K. I. et al. Impact of COVID-19 vaccination on the risk of developing long-COVID and on existing long-COVID symp-
toms: A systematic review. eClinicalMedicine. 53, 101624 (2022).

Profeti, S. & Toth, E. Climbing the “ladder of intrusiveness”: The Italian government strategy to push the Covid-19 vaccination
coverage further. Policy Sci. 56, 709-731 (2023).

Charrier, L. et al. An overview of strategies to improve vaccination compliance before and during the COVID-19 pandemic. IJERPH
19, 11044 (2022).

Reno, C. et al. The impact of health policies and vaccine rollout on the COVID-19 pandemic waves in Italy. Health Policy Technol.
11, 100604 (2022).

Cadeddu, C., Daugbjerg, S., Ricciardi, W. & Rosano, A. Beliefs towards vaccination and trust in the scientific community in Italy.
Vaccine 38, 6609-6617 (2020).

Daly, M., Jones, A. & Robinson, E. Public trust and willingness to vaccinate against COVID-19 in the US from October 14, 2020,
to March 29, 2021. JAMA 325, 2397 (2021).

Malik, A. A., McFadden, S. M., Elharake, J. & Omer, S. B. Determinants of COVID-19 vaccine acceptance in the US. eClinical-
Medicine. 26, 100495 (2020).

Scientific Reports |

(2024) 14:19407 | https://doi.org/10.1038/s41598-024-70437z nature portfolio


https://www.cdc.gov/coronavirus/2019-ncov/long-term-effects/index.html
https://www.who.int/europe/news-room/fact-sheets/item/post-covid-19-condition
https://www.who.int/europe/news-room/fact-sheets/item/post-covid-19-condition
https://www.covid19treatmentguidelines.nih.gov/overview/clinical-spectrum/
https://www.hks.harvard.edu/centers/mrcbg/programs/growthpolicy/economic-cost-long-covid-update-david-cutler
https://www.hks.harvard.edu/centers/mrcbg/programs/growthpolicy/economic-cost-long-covid-update-david-cutler
https://doi.org/10.1007/s10198-023-01653-z
https://doi.org/10.1007/s10198-023-01653-z
https://researchdatabase.minneapolisfed.org/concern/publications/td96k268d
https://researchdatabase.minneapolisfed.org/concern/publications/td96k268d
https://www.brookings.edu/articles/new-data-shows-long-covid-is-keeping-as-many-as-4-million-people-out-of-work/
https://ourworldindata.org/covid-vaccinations

www.nature.com/scientificreports/

27.

28.

29.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.
52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Reece, S. et al. Hesitant adopters: COVID-19 vaccine hesitancy among diverse vaccinated adults in the United States. Infect. Med.
2, 89-95 (2023).

McCabe, S. D. et al. Unraveling attributes of COVID-19 vaccine acceptance and uptake in the US: A large nationwide study. Sci.
Rep. 13, 8360 (2023).

Yin, E et al. Exploring the determinants of global vaccination campaigns to combat COVID-19. Humanit. Soc. Sci. Commun. 9,
95 (2022).

. Arjun, M. C. et al. Characteristics and predictors of long COVID among diagnosed cases of COVID-19. PLoS One 17, 0278825

(2022).

. Antony, B. et al. Predictive models of long COVID. eBioMedicine 96, 104777 (2023).
. Subramanian, A. et al. Symptoms and risk factors for long COVID in non-hospitalized adults. Nat. Med. 28, 1706-1714 (2022).
. Asadi-Pooya, A. A. et al. Risk factors associated with long COVID syndrome: A retrospective study. Iran. J. Med. Sci. https://doi.

0rg/10.30476/ijms.2021.92080.2326 (2021).

. Chao, E, Gerland, P, Cook, A. R. & Alkema, L. Systematic assessment of the sex ratio at birth for all countries and estimation of

national imbalances and regional reference levels. Proc. Natl. Acad. Sci. U. S. A. 116, 9303-9311 (2019).

Marjenberg, Z. et al. Risk of long COVID main symptoms after SARS-CoV-2 infection: A systematic review and meta-analysis.
Sci. Rep. 13, 15332 (2023).

Cazé, A. B. et al. Prevalence and risk factors for long COVID after mild disease: A cohort study with a symptomatic control group.
J. Glob. Health. 13, 06015 (2023).

Puhach, O. et al. Infectious viral load in unvaccinated and vaccinated individuals infected with ancestral, Delta or Omicron SARS-
CoV-2. Nat. Med. 28, 1491-1500 (2022).

Direzione Generale della Programmazione Sanitaria. Piano Nazionale della Cronicita. Ministero della Salute; 2016 Sep p. 149.
Accessed 21 February 2024. https://www.salute.gov.it/imgs/C_17_pubblicazioni_2584_allegato.pdf (2016).

Ferrara, L., Zazzera, A. & Tozzi, V. D. Managing chronic conditions: Lessons learnt from a comparative analysis of seven years’
policies for chronic care patients in Italy. Int. J. Integr. Care 22, 4 (2022).

U.S. Department of Health and Human Services. Guidance on “Long COVID” as a Disability Under the ADA, Section 504, and
Section 1557. U.S. Department of Health and Human Services. Accessed 13 Feb 2024. https://www.hhs.gov/civil-rights/for-provi
ders/civil-rights-covid19/guidance-long-covid-disability/index.html#footnote9_fi12fds (2021).

Giuliano, M. et al. Italian good practice recommendations on management of persons with long-COVID. Front Public Health 11,
1122141 (2023).

La Torre, G. et al. Disability management: The application of preventive measures, health promotion and case management in
Italy. J. Prev. Med. Hyg. 50, 37-45 (2009).

Grimes, D. A. & Schulz, K. F. Making sense of odds and odds ratios. Obstet. Gynecol. 111, 423-426 (2008).

Gottlieb, M. et al. Severe fatigue and persistent symptoms at 3 months following severe acute respiratory syndrome coronavirus
2 infections during the pre-delta, delta, and omicron time periods: A multicenter prospective cohort study. Clin. Infect. Dis. 76,
1930-1941 (2023).

World Bank. GDP (current US$)—TItaly, United States. Accessed 11 Jul 2024. https://data.worldbank.org/indicator/NY.GDP.MKTP.
CD?locations=IT-US&skipRedirection=true (2024).

Lorenzoni, L. & Dougherty, S. Understanding differences in health care spending: A comparative study of prices and volumes
across OECD countries. Health Serv. Insights 15, 11786329221109756 (2022).

Ricciardi, W. & Tarricone, R. The evolution of the Italian National Health Service. Lancet 398, 2193-2206 (2021).

Office for National Statistics. Prevalence of ongoing symptoms following coronavirus (COVID-19) infection in the UK. Accessed
11 Jul 2024. https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/datasets/allda
tarelatingtoprevalenceofongoingsymptomsfollowingcoronaviruscovid19infectionintheuk (2023).

National Center for Health Statistics. Post-COVID Conditions. Accessed 11 Jul 2024. https://data.cdc.gov/NCHS/Post-COVID-
Conditions/gsea-w83j/about_data (2022).

United Nations. World Population Prospects 2022. Accessed 12 Dec 2023. https://population.un.org/wpp/Download/Standard/
MostUsed/ (2022).

Weisbrod, B. A. The valuation of human capital. J. Pol. Econ. 69, 425-436 (1961).

Zhang, W., Bansback, N. & Anis, A. H. Measuring and valuing productivity loss due to poor health: A critical review. Soc. Sci. Med.
72, 185-192 (2011).

Pearce, A. M. et al. Productivity losses associated with head and neck cancer using the human capital and friction cost approaches.
Appl. Health Econ. Health Policy 13, 359-367 (2015).

Our World In Data. covid-19-data/public/data/cases_deaths/new_cases.csv. GitHub. Accessed 21 Feb 2024. https://github.com/
owid/covid-19-data/blob/master/public/data/cases_deaths/new_cases.csv (2024).

Ministero della Salute. covid19-opendata-vaccini/dati. GitHub. Accessed 21 Feb 2024. https://github.com/italia/covid19-opend
ata-vaccini/tree/master/dati (2024).

Centers for Disease Control and Prevention. COVID-19 Vaccination Age and Sex Trends in the United States, National and Juris-
dictional. Centers for Disease Control and Prevention. Accessed 21 Feb 2024. https://data.cdc.gov/Vaccinations/ COVID-19-Vacci
nation-Age-and-Sex-Trends-in-the-Uni/5i5k-6cmh/about_data (2024).

Wage and Hour Division of U.S. Department of Labor. History of Federal Minimum Wage Rates Under the Fair Labor Standards
Act, 1938-2009. U.S. Department of Labor. Accessed 21 Feb 2024. http://www.dol.gov/agencies/whd/minimum-wage/history/
chart (2024).

Istituto Nazionale Previdenza Sociale. Circolare numero 11 del 01-02-2023—Determinazione per l'anno 2023 del limite minimo di
retribuzione giornaliera e aggiornamento degli altri valori per il calcolo di tutte le contribuzioni dovute in materia di previdenza
e assistenza sociale per la generalita dei lavoratori dipendenti [Internet]. Istituto Nazionale Previdenza Sociale. Accessed 21 Feb
2024. https://www.inps.it/it/it/inps-comunica/atti/circolari-messaggi-e-normativa/dettaglio.html (2024).

U.S. Bureau of Labor Statistics. Civilian labor force participation rate by age, sex, race, and ethnicity. U.S. Bureau of Labor Statistics.
Accessed 21 Feb 2024. https://www.bls.gov/emp/tables/civilian-labor-force-participation-rate.htm (2023).

Istituto Nazionale di Statistica. Tasso di occupazione. Istituto Nazionale di Statistica. Accessed 21 Feb 2024. http://dati.istat.it/
Index.aspx?DataSetCode=DCCV_TAXOCCU1 (2024).

Bryan S, Afful ], Carroll M, Te-Ching C, Orlando D, Fink S, et al. National Health and Nutrition Examination Survey 2017-March
2020 Pre-pandemic Data Files [Internet]. National Center for Health Statistics (U.S.); 2021 Jun. Report No.: NHSR No. 158.
Accessed 22 Feb 2024. https://stacks.cdc.gov/view/cdc/106273. (2021).

EpiCentro. Sovrappeso e obesita - Sorveglianza Passi. Istituto Superiore di Sanita—Epicentro. Accessed 22 February 2024. https://
www.epicentro.iss.it/PASSI/dati/sovrappeso (2022).

EpiCentro. Diabete—Sorveglianza Passi. Istituto Superiore di Sanitai—Epicentro. Accessed 22 Feb 2024. https://www.epicentro.
iss.it/PASSI/dati/diabete (2022).

EpiCentro. Rischio cardiovascolare - Sorveglianza Passi. Istituto Superiore di Sanita—Epicentro. Accessed 22 Feb 2024. https://
www.epicentro.iss.it/PASSI/dati/cardiovascolare (2022).

Institute for Health Metrics and Evaluation. Global Burden of Disease Results. VizHub—GBD Results. Accessed 21 Feb 2024.
https://vizhub.healthdata.org/gbd-results (2019).

Scientific Reports |

(2024) 14:19407 | https://doi.org/10.1038/s41598-024-70437z nature portfolio


https://doi.org/10.30476/ijms.2021.92080.2326
https://doi.org/10.30476/ijms.2021.92080.2326
https://www.salute.gov.it/imgs/C_17_pubblicazioni_2584_allegato.pdf
https://www.hhs.gov/civil-rights/for-providers/civil-rights-covid19/guidance-long-covid-disability/index.html#footnote9_fi12fds
https://www.hhs.gov/civil-rights/for-providers/civil-rights-covid19/guidance-long-covid-disability/index.html#footnote9_fi12fds
https://data.worldbank.org/indicator/NY.GDP.MKTP.CD?locations=IT-US&skipRedirection=true
https://data.worldbank.org/indicator/NY.GDP.MKTP.CD?locations=IT-US&skipRedirection=true
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/datasets/alldatarelatingtoprevalenceofongoingsymptomsfollowingcoronaviruscovid19infectionintheuk
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/datasets/alldatarelatingtoprevalenceofongoingsymptomsfollowingcoronaviruscovid19infectionintheuk
https://data.cdc.gov/NCHS/Post-COVID-Conditions/gsea-w83j/about_data
https://data.cdc.gov/NCHS/Post-COVID-Conditions/gsea-w83j/about_data
https://population.un.org/wpp/Download/Standard/MostUsed/
https://population.un.org/wpp/Download/Standard/MostUsed/
https://github.com/owid/covid-19-data/blob/master/public/data/cases_deaths/new_cases.csv
https://github.com/owid/covid-19-data/blob/master/public/data/cases_deaths/new_cases.csv
https://github.com/italia/covid19-opendata-vaccini/tree/master/dati
https://github.com/italia/covid19-opendata-vaccini/tree/master/dati
https://data.cdc.gov/Vaccinations/COVID-19-Vaccination-Age-and-Sex-Trends-in-the-Uni/5i5k-6cmh/about_data
https://data.cdc.gov/Vaccinations/COVID-19-Vaccination-Age-and-Sex-Trends-in-the-Uni/5i5k-6cmh/about_data
http://www.dol.gov/agencies/whd/minimum-wage/history/chart
http://www.dol.gov/agencies/whd/minimum-wage/history/chart
https://www.inps.it/it/it/inps-comunica/atti/circolari-messaggi-e-normativa/dettaglio.html
https://www.bls.gov/emp/tables/civilian-labor-force-participation-rate.htm
http://dati.istat.it/Index.aspx?DataSetCode=DCCV_TAXOCCU1
http://dati.istat.it/Index.aspx?DataSetCode=DCCV_TAXOCCU1
https://stacks.cdc.gov/view/cdc/106273
https://www.epicentro.iss.it/PASSI/dati/sovrappeso
https://www.epicentro.iss.it/PASSI/dati/sovrappeso
https://www.epicentro.iss.it/PASSI/dati/diabete
https://www.epicentro.iss.it/PASSI/dati/diabete
https://www.epicentro.iss.it/PASSI/dati/cardiovascolare
https://www.epicentro.iss.it/PASSI/dati/cardiovascolare
https://vizhub.healthdata.org/gbd-results

www.nature.com/scientificreports/

66. Centers for Disease Control and Prevention. Current Cigarette Smoking Among Adults in the United States. Centers for Disease
Control and Prevention. Accessed 21 Feb 2024. https://www.cdc.gov/tobacco/data_statistics/fact_sheets/adult_data/cig_smoki
ng/index.htm (2023).

67. Istituto Nazionale di Statistica. Fattori di rischio per la salute: fumo, obesita, alcol e sedentarietdi—Anno 2021. Istituto Nazionale
di Statistica. Accessed 21 Feb 2024. https://www.istat.it/it/archivio/270163 (2021).

68. Erasmus School of Health Policy & Management Department of Health Economics. Estimating a monetary value of health: why
and how?. CORDIS | European Commission. Accessed 21 Feb 2024. https://cordis.europa.eu/article/id/411538-estimating-a-monet
ary-value-of-health-why-and-how (2019).

69. Institute for Clinical and Economic Review. Value Assessment Framework. Accessed 21 February 2024. https://icer.org/our-appro
ach/methods-process/value-assessment-framework/ (2023).

70. Hanson, S. W. et al. Estimated global proportions of individuals with persistent fatigue, cognitive, and respiratory symptom clusters
following symptomatic COVID-19 in 2020 and 2021. JAMA 328, 1604 (2022).

71. Michelen, M. et al. Characterising long COVID: A living systematic review. BM] Glob. Health 6, 005427 (2021).

72. Byambasuren, O., Stehlik, P, Clark, J., Alcorn, K. & Glasziou, P. Effect of covid-19 vaccination on long covid: systematic review.
BMJ Med. 2, e000385 (2023).

73. Tak, C. R. The health impact of long COVID: A cross-sectional examination of health-related quality of life, disability, and health
status among individuals with self-reported post-acute sequelae of SARS CoV-2 infection at various points of recovery. J. Patient
Rep. Outcomes 7, 31 (2023).

Author contributions

All the authors participated in the conceptualization of the study; G.M.R., A.-H.A. and H.S.M.A.E. were involved
in data curation; M.C.N., G.M.R. and ].G. performed the formal analysis, and M.C.N. and J.G. developed software
codes. M.C.N.,, GM.R,, A.H.A,, ].G. and H.S.M.A.E. contributed to validation and visualisation of the results
achieved. M.M.G. and G.D. supervised the work and co-ordinated the project. All the authors participated in
the writing, both for the original drafting and for the review and editing. All the authors read and approved the
final manuscript and agreed to the final submission.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to J.G.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have
permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/
licenses/by-nc-nd/4.0/.

© The Author(s) 2024

Scientific Reports |

(2024) 14:19407 | https://doi.org/10.1038/s41598-024-70437z nature portfolio


https://www.cdc.gov/tobacco/data_statistics/fact_sheets/adult_data/cig_smoking/index.htm
https://www.cdc.gov/tobacco/data_statistics/fact_sheets/adult_data/cig_smoking/index.htm
https://www.istat.it/it/archivio/270163
https://cordis.europa.eu/article/id/411538-estimating-a-monetary-value-of-health-why-and-how
https://cordis.europa.eu/article/id/411538-estimating-a-monetary-value-of-health-why-and-how
https://icer.org/our-approach/methods-process/value-assessment-framework/
https://icer.org/our-approach/methods-process/value-assessment-framework/
www.nature.com/reprints
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

	An ecological comparison to inspect the aftermath of post COVID-19 condition in Italy and the United States
	Results
	Epidemiological considerations from the existing evidence
	The economic cost of PCC in Italy and US

	Discussion
	Methods
	Study design and target population
	Data sources and model inputs
	Statistical analysis of epidemiological parameters
	Analysis of economic parameters

	References


