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Abstract

Background: During the COVID-19 pandemic period, healthcare systems substantially reorganized
their management of several diseases, including acute cardiovascular diseases (ACVD) such as heart
failure, stroke, myocardial infarction, and pulmonary embolism. While previous studies have
reported changes in hospitalization rates and clinical outcomes, the economic impact of the
pandemic on healthcare expenditures for patients with ACVD remains poorly documented. This study
aimed to quantify disruptions in healthcare utilization and reimbursement trends among patients
with ACVD in France during the pandemic period (2020-2023).

Methods: Using comprehensive French healthcare reimbursement data from 2015 to 2023, this
nationwide cohort study analyzed 3.9 million ACVD-related patient-years, totaling €86 billion in
reimbursements. A two-step approach was employed: first, a linear regression model based on pre-
pandemic trends (2015—-2019) was used to project expected expenditures for the years 2020-2023,
adjusting for age, sex, calendar year, and comorbidities. Second, expenditures observed during the
years 2020-2023 were compared with these projections to estimate potential disruptions related to
the pandemic period. Analyses were stratified across 21 expenditure categories.

Results: Between 2020 and 2023, ACVD-related healthcare expenditures exceeded expected values
by €2.3 billion (+6.2%), with the largest gap in 2023 (€1.1 billion above projections). Notably, pre-
pandemic annual expenditure growth (€86—212 per patient) sharply accelerated during the pandemic
period (€492-1320 per patient). Excess spending was higher in males (€1.4 billion), patients with
severe comorbidities (23 comorbidities: €1.4 billion), and in the 65,195 patients with ACVD and a
history of a COVID-19-related hospitalization(s) (€0.9 billion, driven primarily by short stay
hospitalizations and rehabilitation care). Among non-COVID-19 ACVD patients, significant increases
were observed in drug expenses, short stay hospitalizations, and hospitalizations in psychiatry.
Conclusion: In France, the COVID-19 pandemic years were marked by substantial and sustained
disruptions in healthcare expenditures among patients with ACVD, extending beyond care directly
related to COVID-19. Excess costs were linked both to pandemic-related complications and broader
systemic shifts, including increased psychiatric and rehabilitation needs. These findings have critical
public health implications: they highlight the need to address ongoing healthcare system disruptions
for this vulnerable population while also reinforcing vigilance in future health crises.
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Introduction

The emergence of COVID-19 in Wuhan, China, in late 2019[1], marked the beginning of an
unprecedented worldwide health crisis. SARS-CoV-2 virus rapidly spread across the world, leading
the World Health Organization (WHO) to declare it a public health emergency of international
concern (PHEIC) on January 30, 2020[2]. Beyond its profound impact on morbidity and mortality,
with 18.2 million deaths worldwide only between Jan 1, 2020, and Dec 31, 2021[3], the pandemic has
also exerted significant pressure on healthcare systems and economies worldwide[4]. Understanding
the economic implications of the pandemic is crucial, as it provides insights into the resilience and
adaptability of healthcare systems during crises.

Cardiovascular diseases (CVD) already represented a substantial economic burden on healthcare
systems before the pandemic[5, 6]. In France, €14 billion was attributed to the care of 4 million
people with CVD in 2017[7]. Acute cardiovascular conditions, in particular, require urgent and
intensive medical interventions, leading to high healthcare costs. The COVID-19 pandemic caused
critical disruptions in the management of acute cardiovascular diseases (ACVD), characterized by a
reduction in hospitalization rates alongside an increase in in-hospital mortality [8, 9]. In France,
changes in healthcare pathways of patients hospitalized for acute heart failure[10], stroke[11],
myocardial infarction[12], and pulmonary embolism[13] have also been highlighted.

Although previous studies have examined the impact of the pandemic on hospitalization and clinical
outcomes, to the best of our knowledge, information on healthcare utilization and related
expenditures is currently lacking. Several international studies have already investigated the the
impact of the COVID-19 pandemic on healthcare costs for cardiovascular conditions. However, these
analyses have primarily focused on co-infections[14] or hospitalizations for COVID-19 in patients with
pre-existing cardiovascular disease[15, 16]. In France, existing research on the economic burden of
the pandemic has only described the costs associated with hospitalizations for COVID-19[17, 18] or
long COVID[19]. To date, no study has provided a detailed assessment of the pandemic’s economic
impact on acute cardiovascular diseases specifically. Quantifying these changes is essential to assess
the full impact of the pandemic on healthcare systems and to inform future preparedness strategies
for this vulnerable population.

Given the observed decline in hospital admissions for these conditions in 2020, one hypothesis is that
the most severe cases may have been overrepresented among those hospitalized, potentially leading
to increased reimbursement. Conversely, it is also possible that the most severe cases died from
COVID-19 before hospitalization for ACVD, resulting in a hospitalized population composed of less
severe cases and, consequently, lower expenditures. In any case, a gradual return to pre-pandemic
levels by 2022 and 2023 was anticipated, supported by the widespread vaccination campaign in 2021
and the progressive decline in the pandemic’s intensity over time, as reflected in the WHQ'’s decision
to declare the end of the PHEIC in May 2023[20].

The objective of this study was to asses changes in healthcare utilization among patients hospitalized
for ACVD during the pandemic period (2020-2023), as measured by global healthcare
reimbursements.

Methods

Study Population

This open cohort study of the French population, conducted between January 1, 2015, and December
31, 2023, was reported following the STROBE guidelines [21]. Healthcare expenditures (in euros)
were assessed from the perspective of the national health insurance system and included only
reimbursed direct medical costs attributable to patient care. Throughout the study, the term "sex"
referred to the sex assigned at birth. In line with the SAGER guidelines[22], sex was consistently
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taken into account in both the study design and reporting. Patients with at least one episode of
ACVD, including heart failure, stroke, myocardial infarction, or pulmonary embolism, were included
in the study cohort. Between 2020 and 2023, the ACVD population was further stratified based on
whether patients had also been hospitalized for COVID-19 during the same year. A comparison with a
control group was conducted to assess whether the observed changes in healthcare reimbursements
were specific to ACVD.

Data sources

All data were obtained from the French National Health Data System (Systéme National des Données
de Santé, SNDS), which encompassed healthcare reimbursement information for nearly the entire
French population, including data from the hospital discharge database [23]. Patients hospitalized for
COVID-19 were defined as those who spent at least one night in the hospital with an ICD-10 code of
U07.1, U07.10, U07.11, U07.14, or U07.15 recorded as the main or a related diagnosis [24]. Patients
with ACVD were defined by using algorithms from the Healthcare Expenditures and Conditions
Mapping (HECM)[25], based on hospital diagnosis codes according to the International Classification
of Diseases, 10th Revision (ICD-10) (see Supplementary Text 1). Additionally, the HECM provided
total annual healthcare expenditures per individual, categorized into 21 expenditure categories (see
Supplementary Text 2). With the increasing interest in real-world data derived from large
administrative healthcare databases, the HECM has already been used to assess the economic
burden of diseases in France from 2015 to 2019[25]. The absence of data for a diagnosis or an event
was considered to be the absence of an actual diagnosis or event, so that there was no missing data
for analysis.

Outcomes of interest

Global annual reimbursements for all healthcare consumption were analyzed among patients with at
least one episode of ACVD during the year, including both ACVD-related and non—ACVD-related
expenditures, along with their distribution across 21 expenditure categories.

Comparative analysis

To assess whether the changes in healthcare expenditure reimbursement were specific to patients
hospitalized for ACVD, a comparative analysis was performed using a control group not hospitalized
for ACVD. This group of patients was matched on age, sex, COVID-19 status, and comorbidity severity
in order to distinguish changes specifically associated with ACVD hospitalizations from those observed
in the general population (see Supplementary Text 3).

Statistical Analysis of Healthcare Expenditures

To quantify the impact of the pandemic period on healthcare expenditures across 21 categories, a two-
step analytical approach was developed to compare expected and observed reimbursed amounts.
First, the pre-pandemic period (2015-2019) was used as a reference to model the evolution of
healthcare expenditures prior to the onset of the COVID-19 pandemic. A linear regression model was
applied to the average reimbursed amount per patient per year, which was obtained by dividing the
total reimbursed amount in each stratum by the number of patients. Expected values for the years
2020 to 2023 were estimated for each expenditure category using the fitted models, under the
assumption that pre-pandemic trends would have continued in the absence of the pandemic.
Second, observed and expected values for the pandemic years were compared to estimate deviations
observed in the pandemic period. Similar modeling approaches had previously been used, for instance,
to estimate excess mortality during the pandemic[26-28].

The regression model was adjusted for age class (in 5-year intervals, with 95-99+ for patients aged 95
and older), sex, calendar year (as a numeric variable), and the Mortality-Related Morbidity Index


https://doi.org/10.64898/2025.12.31.25343267
http://creativecommons.org/licenses/by-nc/4.0/

medRxiv preprint doi: https://doi.org/10.64898/2025.12.31.25343267; this version posted January 2, 2026. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY-NC 4.0 International license .

(MRMI)[29]. To account for potential differences in temporal dynamics across population strata,
interaction terms between these variables were included. Further details on variable selection and
interaction terms are provided in Supplementary Text 3 and Supplementary Figures 6 to 10. The
regression used for modeling healthcare expenditures in each stratum was:

E(CAL-J-,k_l) = By + By - Sex; + B, - Age_class; + f; - MRMI, + B,  Year, + f5 - Sex; - Age_class; + f¢
- Sex; - MRMI, + B; - Sex; - Year; + fg - Age_class; - MRMI,, + f, - Age_class; - Year;
+ B10 - MRMI,, * Year, + B, - Sex; - Age_class; - MRMI + B, - Sex; - Age_class; - Year;,
+ B13 * Sex; - MRMI,, - Year; + B, - Age_class; - MRMI, - Year; + f;5
- Sex; - Age_class; - MRMI, - Year;,

Let E(\:i,j,k,z denote the average reimbursed amount expected to occur according to the model in year
[ (le{2020,2021, 2022, 2023}) for the stratum defined by sex i, age class j, and comorbidity level k.
The total expected reimbursed amount in each stratum, ET"i,j,k‘l ,was obtained by multiplying Efi‘j,k,l
by the corresponding number of patients in that stratum. The observed reimbursed amount in the
SNDS is denoted as 0T} j i ;-

The difference between observed and expected values was then computed as:

dTjx = 0T jk1 — €Tijk

The deviation observed in year [ relative to the expected evolution of the reimbursed amount was
then calculated as follows, with all amounts expressed per patient-year:

4
ETZ=Z Z Z aTi,j,k,l

ieS jeA k=0

With S denoting the sex categories (males, females), A the 5-year age classes (0-4 to 95-99+ years),
and K the comorbidity level (0 to 4+ MRMI).

All analyses were performed with statistical software R 4.0.2 (R Foundation for Statistical Computing,
Vienna, Austria), the package stats was used for the general linear model, and 95% confidence
intervals (Cls) were estimated with 1,000 bootstrap replications.

Results

Study population

Between 2015 and 2023, 3,899,712 ACVD-related patient-years were observed, with associated total
expenditures of €85,791,476,762, corresponding to an average annual expenditure of €21,999 per
patient. Females represented 45.7% of these patients and had an average expenditure of €21,119.
The median age of patients was 78 years [IQR: 66; 87], with a median of 83 years [72; 89] for females
and 74 years [62; 84] for males.

Evolution of healthcare expenditures

As shown in Figure 1, the average annual amount reimbursed per patient steadily increased during
the pre-pandemic period, with yearly increments ranging from €94 to €215. However, a major
increase of €1,007 was observed in 2021, followed by another substantial rise of €492 in 2022, and
an even larger increase of €1,320 in 2023. Considering the 1,725,714 ACVD-related patient-years in
years 2020 to 2023, 65,195 (3.8%) concerned patient-years with at least one COVID-19-related
hospitalization, with an average annual expenditure of €38,300. Detailed annual information is
presented in the flow diagram in Figure 2. A comprehensive interactive tool is provided in the
Supplementary Digital Material to explore the full spectrum of health care reimbursements in France
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from 2015 to 2023 in the study population. This tool presents detailed annual data, including total
reimbursed amounts, number of patients, gender distribution, comorbidity scores, and average
reimbursement per patient. For the pandemic years, it also distinguishes between patients
hospitalized for COVID-19 and those who were not. Reimbursements are further broken down into
three major expenditure categories and 21 detailed categories. Users can dynamically filter the data
by year, population subgroup, or type of expenditure to explore the evolution of health care
reimbursements over time (see Supplementary Digital Material).

As detailed in Table 1, the expenditures observed from 2020 to 2023, following the onset of the
pandemic, consistently remained above the expected expenditures based on the trend from the five
pre-pandemic years (2015-2019) for both males and females. The excess worsened over time,
starting with €51,266,040 (95% Cl: €48,855,492; €53,506,955) more than expected in 2020 and
peaking at €1,109,888,907(€1,106,424,348; €1,113,980,482) in 2023. These estimates correspond to
annual increases ranging from 0.6% to 11.9%. Over the entire pandemic period, there were
€2,298,166,970 (€2,292,788,304; €2,303,326,450) excess expenditure, representing a 6.2% increase
from the expected figures. Males were more concerned each year, with a total excess expenditure of
€1,422,478,782 (€1,418,869,707; €1,426,874,217) compared to €875,688,187 (€871,663,811;
€881,259,859) for females. Patients with an MRMI of 3 or more accumulated an excess expenditure
of €1,368,873,629 (€1,363,771,120; €1,373,307,964) between 2020 and 2023, while they
represented 43.6% of the patients.

Figure 1. Average annual expenditure per ACVD patient, with rise compared to the previous year,
France, 2015-2023
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Each bar represents the annual average amount reimbursed per patient between 2015 and 2023. The number
in brackets represents the difference in amount between year N and year N-1. For instance, in 2023 (yellow
bar) the average annual amount reimbursed per patient hospitalized for ACVD was €24,501; representing an
augmentation of €1320 compared to the average amount of €23,182 reimbursed in 2022.
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Figure 2. Flow diagram, France, 2015-2023

ACVD patients: n=421,981; age=79 [66; 87]; MRMI=2.54; females=46.8%
ACVD expenditures: ¢;=8,802,796,794€, females=45.1%; m=20,861€ /pat
COVID patients: n;=0

COVID expenditures: c,=0

Year 2015

ACVD patients: n=426,866; age=79 [66; 87]; MRMI=2.57; females=46.6%
ACVD expenditures: ¢;=8,975,124,918€; females=45.0%; m=21,026€ /pat
COVID patients: n,=0

COVID expenditures: c.=0

Year 2016

ACVD patients: n=434,513; age=79 [66; 87]; MRMI=2.58; females=46.4%
ACVD expenditures: ¢;=9,229,150,061€; females=44.8%; m=21,240€ /pat
COVID patients: n,=0

COVID expenditures: c,.=0

Year 2017

ACVD patients: n=442,132; age=79 [66; 87]; MRMI=2.59; females=46.1%
ACVD expenditures: ¢;=9,432,426,053€; females=44.4%; m=21,334€
COVID patients: n;=0

COVID expenditures: c,=0

Year 2018

ACVD patients: n=448,506; age=79 [66; 87];, MRMI=2.60; females=45.9%
ACVD expenditures: ¢;=9,635,620,408€; females=44.0%; m=21,484€
COVID patients: n;=0

COVID expenditures: c,=0

Year 2019

ACVD patients: n=425,751; age=77 [66; 87]; MRMI=2.56; females=45.0%
ACVD expenditures: ¢;=9,231,471,052; females=43.3%; m=21,683€
COVID patients: n;=15,746; age=83 [74; 89]; MRMI= 3.30; females=48.5%
COVID expenditures: c,=576,363,025€; females=45.7%; m=36,604€

Year 2020

ACVD patients: n=440,565; age=77 [66; 87]; MRMI=2.54; females=44.8%
ACVD expenditures: ¢;=9,996,259,327€; females=42.8%; m=22,690€
COVID patients: n;=16,094; age=82 [72; 89]; MRMI= 3.17; females=48.0%
COVID expenditures: c,=581,633,063€; females=45.2%; m=36,140€

Year 2021

ACVD patients: ni=430,120; age=77 [65; 87]; MRMI=2.54 females=44.6%
ACVD expenditures: ¢;=9,970,842,315€; females=42.8%; m=23,182€
COVID patients: n;=21,163; age=84 [75; 90]; MRMI= 3.36; females=49.4%
COVID expenditures: ¢,.=828,787,738€; females=46.6%; m=39,162€

Year 2022

ACVD patients: n=429,278; age=77 [66; 87]; MRMI=2.57 females=44.8%
ACVD expenditures: ¢;=10,517,785,833€; females=42.8%; m=24,501€
COVID patients: n,;=12,192; age=84 [75; 90]; MRMI= 3.38; females=51.3%
COVID expenditures: ¢,.=510,161,201€; females=47.8%; m=41,844€

Year 2023

ACVD patients, 2015—2023

Total number of observations N; = 3,899,712

age 78 [66; 87] years, average comorbidity index MRMI = 2.57

45.7% of observations concerned females

Total expenditures C; = 85,791,476,762€; average expenditure per patient M; = 21,999€
43.8% of expenditures concerned females

ACVD patient: Patient hospitalized for at least one ACVD within the year. COVID patient: patient with ACVD
experiencing at least one COVID-19-related hospitalization. MRMI: Mortality-Related Morbidity Index.

In each year-specific cell, n corresponds to the number of patients observed this given year (also equivalent to
the number of patient-years observed this given year) and c to the corresponding annual expenditures,
including all healthcare expenditures. Age is reported as the median value [interquartile range], and the
percentage of data concerning females is also reported.
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Table 1: Estimated excess expenditure, ACVD patients and ACVD + COVID patients, France, 2020-2023.

Excess expenditure*

Year

2020

2021

2022

2023

ACVD patients
Females

Males

51,266,040€ (48,855,492; 53,506,955) (+0.6%)
15,672,245¢€ (14,196,504; 17,621,095) (+0.4%)

35,593,795€ (33,588,270; 37,461,191) (+0.7%)

489,758,159¢€ (486,872,988; 493,919,526) (+5.2%)
170,457,274€ (168,736,712; 172,820,207) (+4.2%)

319,300,885€ (317,385,598; 321,487,700) (+6.0%)

647,253,864¢€ (643,602,322; 650,034,898) (+7.0%)
243,373,717€ (240,830,242; 245,418,881) (+6.1%)

403,880,147€ (401,997,256; 406,006,272) (+7.7%)

1,109,888,907¢€ (1,106,424,348; 1,113,980,482) (+11.9%)
446,184,951€ (443,998,949; 448,553,394) (+11.0%)

663,703,956€ (661,139,416; 666,653,392) (+12.5%)

ACVD COVID+ patients
Females

Males

202,635,263€ (200,428,544; 204,897,545) (+54.7%)
92,343,741€ (91,077,099; 93,962,536) (+54.2%)

110,291,522€ (108,764,107; 112,105,699) (+55.1%)

204,044,829€ (201,968,322; 206,523,876) (+54.4%)
90,533,151€ (89,138,845; 92,027,578) (+52.9%)

113,511,678€ (111,828,471; 115,200,101) (+55.7%)

318,033,960¢€ (314,654,110; 320,801,888) (+62.7%)
149,378,960€ (147,053,652; 151,501,171) (+63.1%)

168,655,000€ (166,854,222; 170,493,031) (+62.2%)

214,217,358¢€ (211,736,267; 217,368,631) (+73%)
102,453,172€ (100,514,690; 104,335,141) (+72.5%)

111,764,186€ (109,672,316; 114,244,582) (+73.5%)

ACVD COVID- patients
Females

Males

-151,369,223€ (-152,876,832; -150,122,381) (-1.7%)
-76,671,496€ (-77,632,364; -75,655,825) (-2.0%)

-74,697,727€ (-75,835,556; -73,634,820) (-1.5%)

285,713,330€ (28,3971,292; 288,126,756) (+3.1%)
79,924,123€ (78,640,464; 81,477,016) (+2.0%)

205,789,207€ (204,580,578; 207,020,501) (+4.0%)

329,219,905¢€ (327,267,583; 330,844,860) (+3.8%)
93,994,757¢€ (92,685,482; 95,272,058) (+2.5%)

235,225,147€ (234,145,710; 236,582,812) (+4.7%)

895,671,549¢€ (892,578,898; 898,309,168) (+9.9%)
343,731,779€ (342,034,544; 345,399,847) (+8.8%)

551,939,770€ (549,943,886; 553,959,882) (+10.7%)

*Excess expenditure is the difference between the expenditures observed in a given pandemic year and the corresponding expected expenditures based on the pre-

pandemic trends (2015-2019). Differences are expressed as the mean difference (95% confidence interval) (proportion relative to expected values).

ACVD COVID+ patients are those who were hospitalized during the year with an acute cardiovascular disease (ACVD) diagnosis and a COVID-19 diagnosis.
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Evolution of healthcare expenditures of patients with ACVD hospitalized for COVID-19

Although the 65,195 patient-years observed for patients with ACVD who also experienced COVID-19-
related hospitalization(s) between 2020 and 2023 represented only 3.8% of the effectives, they
accounted for a substantial excess expenditure of €938,931,410 (€934,539,400 to €944,574,066).
This corresponds to a 60.7% increase (60.5% to 60.9%) compared to the expected value and
represents 40.9% of the total excess expenditure during the pandemic years. This amount rose from
€202,635,263 (€200,428,544; €204,897,545) in 2020 to €318,033,960 (€314,654,110; €320,801,888)
in 2022 before decreasing to €214,217,358 (€211,736,267; €217,368,631) in 2023. These estimates
correspond to annual increases ranging from 54.4% to 73.0%. These increases affected males and
females equally (see Table 1).

Excess expenditure by healthcare expense category

As illustrated in Figure 3, excess healthcare expenditure for patients with ACVD who also experienced
COVID-19-related hospitalization(s) primarily concerned two healthcare expense categories: short-
stay hospitalizations and hospitalizations in rehabilitation care accounted for 89.6% of the
corresponding global economic burden, with an estimated excess expense of €841,505,828
(€836,741,679; €846,865,022) between 2020 and 2023. Though this accounted for a limited amount,
expenditures for hospitalizations in psychiatry substantially increased during pandemic years, from
34% to 86% as compared to expected values (see Supplementary Figures 11 and 12).

For patients not hospitalized for COVID-19, several disturbances occurred during the pandemic
period (see Figure 3). Laboratory tests and drugs expenses exceeded expected values for three
consecutive years, with excesses ranging from 5% to 33%. Hospitalizations in rehabilitation care also
exceeded expectations, as did hospitalizations in psychiatry. Regarding short-stay hospitalizations, a
4% decrease in reimbursements was observed in 2020, followed by a slight increase of 1% in both
2021 and 2022, and a sharp increase of 10% in 2023 (see Supplementary Figures 13 and 14).
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Discussion

Key results

In this cohort study of patients with ACVD in France from 2015 to 2023, accounting for 3.9 million
patient-years, the evolving trends in healthcare expenditures were investigated in detail to quantify
the extent of disruption during the COVID-19 pandemic period (2020-2023). Analyses by age, sex,
COVID-19 status, year, comorbidity score, and expenditure categories were performed to identify the
patients and categories most affected. A major and prolonged disruption has been highlighted since
the onset of the pandemic, persisting through 2023. Specifically, healthcare expenditures rose by
0.6% in 2020 and increased to 11.9% in 2023, resulting in a global economic burden of €2.3 billion.
Importantly, 41% of this burden was driven by ACVD patients with COVID-19-related
hospitalization(s), although they represented only 4% of the corresponding patient-years taken into
account for calculating the excess expenditure during the pandemic years.

Males and patients with high comorbidity levels particularly contributed to this burden. Overall,
ACVD patients experiencing COVID-19-related hospitalization(s) had an average annual excess
expenditure of €14,402, while other ACVD patients had an excess expenditure of €1,384. Regarding
expenditure categories, the majority of the excess cost was driven by short-stay hospitalizations and
hospitalizations in rehabilitation care among ACVD patients with COVID-19-related hospitalization(s),
and a marked relative increase was also observed in hospitalizations in psychiatry. Among other
ACVD patients who were not hospitalized for COVID-19, significant disruptions in healthcare
reimbursements were observed across short-stay hospitalizations, rehabilitation care, and drug
consumption.

Similar to the ACVD population, excess expenditures were also observed in the control group
throughout the entire pandemic period, with the majority driven by patients who experienced
COVID-19-related hospitalization(s), and involving similar expenditure categories. However, between
2020 and 2023, the total increase amounted to 10.9% in the control group, compared to 6.2% in the
ACVD population (see Supplementary Figures 1-5 and Supplementary Table 1).

Interpretation

Expenditures related to the prevention or management of COVID-19 infections could account for a
major part of the economic burden. Indeed, patients with ACVD who also experienced COVID-19
hospitalization(s) represented a relatively small group, yet they accounted for a substantial portion of
the overall burden. Among these patients, short-stay hospitalizations, probably to handle the acute
phase of the disease, recorded the highest global increase. Indeed, COVID-19 patients often require
intensive care with respiratory devices, leading to high related costs[30, 31]. A systematic review on
the economic burden of COVID-19 highlighted that the main drivers for higher costs were ICU
admission and in-hospital resource use, such as mechanical ventilation[4]. After the acute phase,
COVID-19 patients required rehabilitation care, which aligns with the substantially increased cost in
rehabilitation hospitalizations [32, 33]. Furthermore, our study highlighted that males and patients
with a high number of comorbidities highly contributed to excess expenditure, a profile consistent
with known COVID-19 risk factors[34].

Among ACVD patients not hospitalized for COVID-19, the effects of the pandemic period might also
explain rises in some expenditure categories. For instance, some increase in expenses for medication
is likely due to the widespread adoption of preventive measures such as COVID-19 self-tests and
protective masks. Laboratory expenditures were also impacted by the extensive screening policies
implemented during the pandemic. Notably, in France, €1.9 billion, €300 million, and €100 million
were respectively spent on laboratory tests, antigenic tests, and protective masks in 2020 [35].
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However, the direct effects of the pandemic period cannot fully explain all observed disruptions. For
example, increases in expenditures for hospitalizations in psychiatry among patients with ACVD
concerned both those who had and those who had not experienced COVID-19-related
hospitalization(s), strongly suggesting that the corresponding excess expenditures were more likely
indirect consequences. These may include the anxiety-inducing context of a new pandemic, major
changes such as lockdowns and containment measures, uncertainty about employment, and fear of
contamination. These indirect consequences have led to detrimental mental health outcomes[36, 37]
and may have increased hospitalizations in psychiatry and drug consumption[38—41]. With the
widespread vaccination campaigns in 2021[42, 43] and the decreasing intensity of the pandemic,
marked by lower COVID-19 mortality over time[44], health expenditures were expected to
progressively return to pre-pandemic trends by 2023, particularly for patients not hospitalized for
COVID-19. However, our study indicates that excess expenditure in patients with ACVD continued to
rise in 2023. This persistent disruption suggests that the pandemic period has had critical and lasting
impacts on the management of patients with ACVD.

The study focuses on patients with at least one hospitalization for ACVD and accounts for all annual
healthcare expenditures, regardless of their direct association with the ACVD condition. However,
publicly available data from the French National Health Insurance indicate a noticeable increase in
average healthcare expenditures related to these diseases between 2020 and 2023[45-48]. This rise,
which marks a clear rupture from pre-pandemic trends, aligns with our findings and supports the
validity of the expenditure patterns observed in this study.

One contributing factor to the excess cost observed in short-stay hospitalizations may be the
increase in hospitalization tariffs, which was particularly pronounced in 2023[49]. Tariff levels rose
sharply during the pandemic period[50], in contrast to previous years, partly due to the “Ségur de la
santé”[51] reform implemented by the French government in response to the COVID-19 crisis.
Between 2020 and 2023, the cumulative increase in hospitalization tariffs exceeded 10%, which is
consistent with the rise observed in 2023 for this sector.

Although patients with ACVD experienced significant excess expenditures throughout the entire
pandemic period, the increase was nearly twice as high in the control group. This discrepancy may
reflect the positive impact of protective measures or specific care adaptations implemented for
patients with ACVD during the pandemic.

Generalizability of the results

Study results stand for France and cannot be directly extended to other countries. Nevertheless,
disruptions in healthcare utilizations and expenditure have been reported in other countries[52-55],
suggesting that the broader implications of the study may still be relevant.

Strengths and limitations

One of the primary strengths of this study is the exhaustiveness of the data covering almost the
entire French population over nine years. Based on a medico-administrative database originally
designed for healthcare reimbursement purposes, the comprehensive dataset used in this study
ensures its representativeness of the population, enabling a reliable and precise estimation of the
pandemic period's impact on healthcare consumption and associated expenditures. The extensive
temporal scope allows for a robust analysis of trends and variations in healthcare utilization and
costs, documenting in detail the pandemic's effects over time.

Nevertheless, this study also has several limitations. As with any study based on medico-
administrative databases, coding errors cannot be excluded, particularly during crisis periods such as
the COVID-19 pandemic. These errors may affect the identification of relevant pathologies and the
definition of various expense categories. However, given the large sample sizes and the magnitude of
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the estimated disruptions, potential coding errors are unlikely to alter the overall conclusions of the
study. Another limitation pertains to the measurement of economic impact. While the study
considers the full range of healthcare expenditures across 21 categories, indirect economic impacts,
such as productivity losses due to work absences[56], were not investigated.

Conclusion

While acute cardiovascular diseases require rapid management, and corresponding care pathways
were theoretically maintained during the pandemic, our findings highlighted a major and persistent
disruption in healthcare reimbursements starting in early 2020 and further intensifying in 2023. A
substantial portion of these excess costs appears to be directly linked to severe SARS-CoV-2
infections and pandemic-related prevention measures. However, increasing disruptions were also
observed among patients not hospitalized for COVID-19 and in non-specific areas such as psychiatry.
Strikingly, even greater disruptions were estimated in the control group, suggesting that the broader
healthcare system has been impacted. These findings are of critical importance for public health, not
only to prepare for future crises but also to better understand and mitigate ongoing healthcare
system disruptions in the management of this vulnerable population.
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