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Abstract 

Background  Little is known about postdischarge healthcare resource use (HCU) among patients hospitalized 
for coronavirus disease 2019 (COVID-19). The objective was to identify distinct profiles of patients based on postdis-
charge cares.

Methods  This was a retrospective cohort study using the French National Health System claims database. We fol-
lowed up all patients hospitalized for COVID-19 between 2020/02/01 and 2020/06/30 for 6 months; the discharge 
date was the index date. We excluded patients who died during the index stay or within 30 days after discharge. 
We described patients’ HCU over 5 months from day 31 after the index date to the end of follow-up, i.e., the post-
COVID-19 period. We described the sociodemographic and clinical characteristics of the participants and 44 selected 
types of HCU, including medical and emergency room visits, medications, medical and biological tests, oxygen 
therapy, rehabilitation, rehospitalization, nurse visits, and sick leave. We performed Ward’s ascendant hierarchical clus-
tering (AHC) analysis to identify groups of patients with similar post-COVID-19 HCU and described HCU and clinical 
characteristics by cluster.

Results  The study population included 68,822 patients (median age: 64.8 years, 47% women). Eight clusters 
of patients were identified, each comprising between 1,163 and 35,501 patients. Four clusters were characterized 
by older patients and high proportions of comorbidities, i.e. cancer (cluster 3), mental disorders (cluster 4), cardiac 
insufficiency (cluster 5) and respiratory failure (cluster 6). Cluster 8 was characterized by younger patients, often obese 
and with low mortality. Another cluster was characterized by complex index stays (cluster 7) and a last cluster (cluster 
2) by specific medical contacts and therapy. The main cluster (cluster 1, n = 35,501) was similar to the overall study 
population. The duration and complexity of the index stay also varied across clusters.

Conclusions  Based on HCU data, AHC identified 8 clinically relevant profiles of patients surviving the acute epi-
sode of COVID-19 hospitalization. The clusters illustrate the many impacts of COVID on the health status of infected 
patients and may help anticipate future needs of care in a similar context.
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Background
The coronavirus disease 2019 (COVID-19) pandemic 
caused by severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) spread to Europe in early 2020, 
leading to a rapid increase in hospital admissions and 
major disruptions in the healthcare system. In France, 
more than 200,000 patients were hospitalized due 
to COVID-19 in 2020 [1]. Age, male sex, and specific 
comorbidities (overweight, hypertension, cardiovas-
cular disease, respiratory disease) were early associ-
ated with an increased risk of hospitalization [2, 3]. 
However, until recently, little has been known about 
the progression of patients following discharge, i.e. 
which types of cares they will need, at which frequency, 
and how much time. In particular, knowledge is miss-
ing about types of cares needed according to patients’ 
profile.

A range of studies have distinguished several phe-
notypes of patients following SARS-CoV-2 infection 
based on self-reported or observed symptoms in the 
months following acute infection [4–6]. However, large-
scale studies investigating post-COVID-19 conditions 
may be complex, costly, and time-consuming due to the 
broad range of outcomes to be considered following 
SARS-CoV-2 infection [7–14]. Exploring the healthcare 
resource use (HCU) of patients through electronic claims 
databases may help address these issues. While short-
term HCU after acute COVID-19 [15, 16] has been inves-
tigated, post-COVID-19 HCU over several months has 
not yet been comprehensively described, e.g., whether 
severe COVID-19 impacts postdischarge HCU and 
whether profiles of HCU can be distinguished.

In this context, it is of major interest to analyze the 
long-term postdischarge HCU of COVID-19 inpatients to 
detect and understand specific patient profiles. This will 
provide key material to frontline healthcare workers and 
policymakers for the care of patients after massive and 
unexpected numbers of acute hospitalizations due to a new 
viral pulmonary disease for which no vaccine is available.

The French Healthcare System Claims Database 
(SNDS) contains HCU claims of nearly all the French 
population, including information on hospital discharge 
diagnoses. This dataset is thus strongly relevant to study 
HCU of patients hospitalized for COVID-19. Using 
SNDS, we recently showed that a range of new care was 
commonly initiated after discharge in patients hospital-
ized for COVID-19 in France between February and June 
2020 [17]. Using claims of the full population of patients 
hospitalized for COVID-19 in France at the beginning of 
the pandemic, the aim of the present study was to further 
analyze these results to identify groups of patients with 

similar HCU after discharge, including visits, medica-
tions, medical procedures, biological tests, oxygen sup-
port therapy and rehabilitation.

Methods
Study design and data sources
This retrospective, population-based cohort study was 
based on SNDS claims database. It contains anonymous 
individual information on sociodemographic character-
istics, all nonhospital reimbursed healthcare expendi-
tures (without corresponding medical diagnoses), and all 
hospital discharge summaries with related International 
Classification of Diseases diagnoses (for more than 98% 
of the French population. The SNDS does not provide 
information on behavioral or clinical characteristics 
(tobacco smoking, body mass index, etc.) or laboratory 
results [18].

Study population and periods
The study population consisted of all patients hospital-
ized for COVID-19. We selected all stays with the ICD-
10 codes U07.10 (respiratory form of COVID-19, virus 
identified), U07.11 (respiratory form of COVID-19, virus 
not identified), U07.14 (other form of COVID-19, virus 
identified), U07.15 (other form of COVID-19, virus not 
identified), as the main diagnosis, starting between 01 
February 2020 and 30 June 2020. The discharge date was 
defined as the index date. As we would like to focus on 
long-term HCU following hospitalization for COVID-
19, patients who died during hospitalization or within 
30 days following discharge were excluded. We also 
excluded those with a pregnancy identified between 01 
February 2019 and and 31 December 2020, and those 
with no HCU in the 12 months before the index date 
were excluded, as one of the initial goal of the study was 
to compare HCU in both the pre- and post-COVID peri-
ods. Patients were followed up until death or for a maxi-
mum of 6 months. The 5-month period starting on day 
31 after the index date and ending with follow-up was 
defined as the post-COVID-19 period, and the same 
5-month period 12 months before the post-COVID-19 
period was defined as the pre-COVID-19 period [17].

Study variables
Variables related to patients’ sociodemographic and 
clinical characteristics, i.e., age at index date, sex, 
free-access-to-care status (as a proxy of social depri-
vation), death during follow-up, and characteristics of 
the index stay were described as proxies of the severity 
of COVID-19: length of stay, requirement for oxygen 
support (high-flow oxygen devices, noninvasive and 
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invasive mechanical ventilation) during the hospital 
stay, admission to the intensive care unit (ICU), Sim-
plified Acute Physiology Score (SAPS II) score (sever-
ity score mostly based on clinical characteristics [19]), 
and Charlson Comorbidity Index [20]. Complex index 
stays were defined by stays of long duration, the need 
for oxygen support (especially intubation), admission to 
ICU and high SAPS II score.

As detailed in the previous article, seven categories of 
HCU were identified and described over the pre- and 
post-COVID-19 periods [17]: medical visits, medica-
tions, medical procedures, biological tests, oxygen sup-
port therapy, rehabilitation, and others (rehospitalization, 
nurse visits, sick leave and emergency room visits).

Statistical analyses
Descriptive statistics of patients’ sociodemographics, 
clinical characteristics and HCU were provided for the 
pre- and post-COVID-19 periods in the entire popula-
tion, i.e. in all patients included; for the number and 
proportion of patients with at least one care session (i.e. 
patients for whom at least one visit/care/medication/pro-
cedure/hospitalization was identified) over the two peri-
ods. The mean, standard deviation, median and quartile 
of the monthly number of cares were provided [17].

Principal Component Analysis (PCA) was performed 
to minimize the initially identified 60 variables to be 
used for the clustering analysis, using the monthly HCU 
over the post-COVID-19 period. Using the K-means 
classification method, patients with outlying values of 
HCU were excluded [21, 22]. Finally, a clustering analy-
sis was performed using Ward’s ascendant hierarchical 
clustering (AHC) method [23] to obtain similar groups 
of patients based on their HCU. The optimal number of 
clusters was determined using the CCC criteria, pseudo-
F test and pseudo-R-squared values [24].

For each identified cluster, sociodemographic and clini-
cal characteristics were described, as was the proportion 
of patients with at least one care episode in each HCU 
category during the post-COVID-19 period. Sociodemo-
graphic and clinical characteristics were compared across 
clusters using chi-square tests and ANOVA.

All analyses were performed using SAS (SAS Institute, 
North Carolina, USA), version 9.4.

Ethics and consent to participate
This study was approved by the ethics committee of the 
French Health Data Hub (no. 4653731, 2021/07/08). It 
was conducted using anonymized data and approved by 
the ethics committee of the National Informatics and 
Liberty Committee (CNIL, no. 921290, 2021/07/19). This 

study was registered on clinicaltrials.gov under the num-
ber NCT05073328.

Results
Flowchart and cluster identification
In total, 90,025 patients were hospitalized with a main 
diagnosis of COVID-19 between February and June 
2020 in France; 15,272 (17.0%) died during the hospital 
stay, and 2,346 (2.6%) within the first 30 days following 
discharge [17]. After excluding relevant patients, the 
final study population included 68,822 patients (Fig. 1): 
the median age was 64.8 years, 47% were women, and 
the median follow-up duration was 179.3 days (Table 1) 
[17].

The PCA identified 14 dimensions of HCU variables 
(Supplemental material S1). Following the K-means clas-
sification, 1,770 patients with outlying values of HCU 
were excluded (clustering criteria presented in Figure S2), 
resulting in a population of 67,052 patients available for 
the AHC method. This resulted in eight groups of homo-
geneous patients identified during the post-COVID-19 
period, comprising between 1,163 and 35,501 patients 
(Table  1). Figure  2 shows the sociodemographic, clini-
cal and index stay characteristics of patients by cluster 
(Fig.  2a) and for each category of HCU (visits: Fig.  2b; 
medications: Fig. 2c; and other HCU: Fig. 2d).

Patient age, sex distribution and percentage of deaths 
during the follow-up period were significantly different 
across the clusters; as were the duration of index stay, 
the proportion of patients who received oxygen therapy 
during the index stay, admitted to the ICU, SAPS-II and 
Charlson Comorbidity index scores (Table 1).

The two main clusters: cluster 1 and cluster 4
The main cluster (cluster 1) represented half of the study 
population (n = 35,501, 52.9%). It included younger 
patients (median age: 62.0, Q1-Q3: 48,0–76,0), with few 
comorbidities and lower HCU than the other clusters. 
They mostly had short and noncomplex index stays (few 
oxygen support therapy requirements or ICU admis-
sions). As illustrated in Fig. 2, for most HCU categories, 
few patients in cluster 1 consumed cares in post-COVID 
period compared to other clusters.

In terms of the number of patients, cluster 1 was fol-
lowed by cluster 4, which included close to a quarter of 
the population (n = 15,4766, 23.1%). Cluster 4 was older 
(median age: 75.0 years, Q1-Q3: 61,0–86), had a high 
comorbidity rate (mean Charlson Comorbidity Index: 
5.0), and a mortality rate of 6.7% during the follow-up. 
A large proportion of cluster 4 patients used antidepres-
sants (37.1%), anxiolytics (40.0%), and hypnotics (19.2%), 



Page 4 of 10Marant Micallef et al. BMC Health Services Research          (2025) 25:148 

in addition to analgesics (73.3%), betablockers (38.1%) 
and anticoagulants (35.1%) (Table  2 and Fig.  2). A high 
percentage visited hospital practitioners (HPs) (42.1%) 
and mental health physicians (4.2%). Finally, 6.1% of 
the patients received oxygen therapy after discharge 
(Table 2).

Other clusters
Cluster 2 (n = 3,431) included 55% females with a very 
low mortality rate (0.6%). The median age was 63.0 years 
(Q1-Q3: 51,0–74,0). A high percentage of them used 
analgesiccs (71.6%) and nonsteroidal anti-inflammatory 
drugs (NSAIDs) during the post-COVID-19 period 
(40.5%) (Table 2 and Fig. 2) but in similar proportions to 
those observed during the pre-COVID-19 period (data 
not shown); 30.1% visited dermatologists, 20.2% visited 
rheumatologists, and 34.6% underwent radiology (lung, 
hips, shoulders or knees).

In Cluster 5 (n = 3,221), one-third of the patients 
had cardiac insufficiency/failure/chronic heart condi-
tions (36.1%); accordingly, a high proportion of patients 
required visits to cardiologists (60.2%) and HPs (40.6%). 
The index stay was complex: 29% of the patients were 
admitted to the ICU, 13% of whom required invasive 
mechanical ventilation.

Cluster 6 (n = 3,214) included 48.3% of patients with 
chronic respiratory diseases, and 22% visited pneumolo-
gist at least once (versus 4% over the pre-COVID-19 
period). More than three-quarters (76.6%) used inhaled 
corticosteroids, 62.6% used short-acting bronchodila-
tors, 42.4% had respiratory function exploration, 28.7% 
required an imaging evaluation, and 13% had oxygen 
therapy during the follow-up period.

Cluster 8 (n = 2,805) included 28.5% of patients with 
obesity (median age: 60 years, Q1-Q3: 52,0–70,0); how-
ever, the prevalence of other comorbidities was low, as 
were HCU rates in the pre-COVID-19 period (data not 
shown). The index hospital stay was complex (median 
length: 17 days; 55.1% were admitted to the ICU, among 
whom 43.4% required invasive mechanical ventilation, 
mean SAPS-II score: 39.7), and 31.5% were transferred 
to rehabilitation care following the index hospitalization. 
Almost half of them (49.1%) underwent physiotherapist 
interventions during the post-COVID-19 period, and 
6.5% were reimbursed for occupational therapy (Table 2 
and Fig.  2). Finally, two-thirds (67.2%) were reimbursed 
for analgesics during the post-COVID-19 period.

Cluster 7 (n = 2,241) was characterized by the severity 
of the index stay: 26.3% of patients were admitted to the 
ICU, among whom 15.4% required invasive mechanical 
ventilation; their median SAPS-II score was 35. Over the 

Fig. 1  Study population selection
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follow-up, one-quarter visited otolaryngologists (25,6%), 
were reimbursed for nasal endoscopy (24.8%), and more 
than half were reimbursed for audiograms (57.6%). How-
ever, they also had care related to their ears/noses/throats 
during the pre-COVID-19 period (e.g., 4.5% had nasal 
endoscopy, and 6.1% had audiogram; data not shown).

Cluster 3 (n = 1,163) included elderly (median: 75.0 
years, Q1-Q3: 64,0–83,0) patients, mostly men (59.7%). 
They had the highest death rate over the follow-up 
(17.6%) and the highest comorbidity rate (mean Charlson 
Comorbidity Index: 6.1), including 29.9% of patients with 
neoplasms. Consistently, 8.5% used strong opioids. The 
rate of rehospitalization after discharge was 77.7%, and 
55.2% of the patients required regular nurse visits. After 
their index hospitalization, 18.2% of the patients had 
been hospitalized in rehabilitation care units, and 18.8% 
at home.

Discussion
This is the first study to identify distinct clusters of 
patients after hospital discharge for COVID-19 in the 
first months of the pandemic based on posthospitaliza-
tion HCU. Eight clusters were identified with specific 
patient characteristics.

Cluster 1 included half of the patients, with no specific 
pattern of comorbidities or HCU after discharge; this 
may be interpreted as a type of HCU similar to that of the 
general population. Clusters 3, 4 and 5 were composed of 
older patients with major comorbidities: 29.9% had can-
cer, 28.0% mental disorders, and 33.6% cardiac insuffi-
ciency respectively. In cluster 6, nearly half of the patients 
had major respiratory insufficiency, and respiratory-
related HCU was high during the post-COVID-19 period 
(higher than that in the pre-COVID-19 period), suggest-
ing worsening previous respiratory diseases. Patients in 
cluster 7 had a very complex index stay with a particularly 

Fig. 2  Description of clusters 1 to 8 according to sociodemographic and clinical characteristics, visits, drug consumption, and other types 
of healthcare consumption
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high post-COVID-19 HCU for ear-nose-throat-related 
care: that may be due to the need for voice or degluti-
tion reeducation following intubation. Finally, patients in 
cluster 8 were younger than the overall study population 
and had long and complex index stays, a high propor-
tion of patients who underwent rehabilitation care, and 
a marked increase in post-COVID HCU compared to 
pre-COVID-19 HCU. It was more complex to character-
ize patients in cluster 2: they had high pain-related and 
NSAID consumption both pre- and post-COVID-19 but 
no particular comorbidity profile.

As a rule, the impact of previous comorbidities should 
not be ignored in the interpretation of these results, as 
it explains a large part of the HCU observed over the 
post-COVID-19 period. Unfortunately, we could not dif-
ferentiate nor measure the magnitude of COVID itself, 
comorbidities, and COVID-related decompensation of 
comorbidities. Overall, we observed that patients who 
were already highly comorbid before COVID-19 hospi-
talization (i.e., cluster  3 with a high rate of cancer) had 
a high mortality rate over the post-COVID-19 period, 
most likely due to their underlying comorbidities. We 
may assume that this high mortality is not fully attribut-
able to COVID-19 and was not avoidable. Consequently, 
posthospitalization care for these patients should focus 
more on supportive care than on long-term or reha-
bilitation hospitalization. In clusters with high rates 
of chronic diseases other than neoplasms (e.g., clus-
ter 5 or cluster 6), we observed an expected high HCU 
in the post-COVID-19 period. Reinforced monitoring 
should be planned for these patients during pandemic 
periods, as worsening of their underlying disease is pre-
dictable in the context of hospitalization for a viral infec-
tion. Finally, cluster 8, with a high percentage of obese 
patients (28.5%), presented a low mortality rate despite 
the severity of their index stay, but a marked increase in 
post-COVID HCU compared to pre-COVID-19 HCU, 
likely reflecting a severe infection. These results are 
in line with the findings of a recent US study showing 
that obesity is associated with higher levels of HCU in 
patients hospitalized for COVID-19 [25]. Based on data 
on influenza, the association between obesity and viral 
respiratory infection severity is indeed well established 
[26]. Consequently, clinicians tend to monitor early and 
closely obese patients in the context of hospitalization 
for viral infection to avoid death, which is mostly avoid-
able in this population (young, with few comorbidities). 
Finally, while our study did not specifically analyze HCU 
related to post-ICU care, it is important to note that the 
increased healthcare burden is well-recognized among 
ICU survivors, particularly following complex and pro-
longed stays [27].

Other studies have investigated HCU following 
COVID-19: a US study based on the Veterans Health 
Administration showed that not hospitalized patients 
surviving the first 30 days after COVID-19 diagno-
sis were more likely to use medication, have laboratory 
abnormalities and incident diagnoses than no COVID-
19 patients [28]. Other studies based on claims data 
explored COVID-19 inpatients’ outpatient or emergency 
room visits and readmissions at 30 days after discharge 
[15], or medications use and hospitalizations in unvac-
cinated patients diagnosed with COVID-19, depending 
on whether they were hospitalized [16]. These results 
are not directly comparable to ours because of the dif-
ferent study populations, follow-up times and outcomes. 
Another UK study estimated HCU of more than 1,5 mil-
lions of patients in the four weeks following COVID-19 
diagnosis between 2020 and 2022: they found that HCU 
were greater in those at higher risk of severe COVID-19, 
particularly in older patients [29], supporting our results.

Other studies have used clustering analyses to explore 
the clinical consequences of COVID-19: Fisher et  al. 
identified clinically relevant subgroups of patients using 
hierarchical clustering based on symptoms and quality of 
life indices [6, 30]. Similarly, Zhang et al. identified four 
subphenotypes of postacute symptoms of SARS-CoV-2 
infection over a follow-up period similar to ours: i) car-
diac/renal; ii) respiratory/sleep/anxiety; iii) musculo-
skeletal/nervous system; iv) digestive/respiratory system 
sequelae [11]. However, our study differs from those that 
investigated postacute syndrome conditions [30, 31], as 
no patient-reported symptom defining this is available in 
claims database[32, 33].

Our study was based on an exhaustive cohort of 
patients hospitalized for COVID-19 from the start of 
the pandemic in France to the end of the first wave. This 
very large study population provided high power for 
identifying patient profiles based on robust data on all 
relevant HCU following SARS-CoV-2. This is the first 
study using such a wide range of HCU, thus providing a 
large picture of postdischarge HCU among COVID-19 
inpatients. The WARD clustering analysis performed on 
HCU over the 2 to 6 months following discharge was able 
to identify patient profiles consistent with clinical situ-
ations, as demonstrated by their comorbidity and HCU 
patterns. This is of significant interest, as there was no a 
priori assumption about the number of clusters. Finally, 
because the study was performed over a period over 
which no SARS-CoV-2 vaccine was available, the results 
are of particular interest for predicting what might occur 
in the overall population in the case of a future pandemic 
involving an unknown respiratory virus. Indeed, the 
study provide key elements to clinicians to adapt their 
management to the patients’ profile and predict their 
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needs in terms of healthcare resources in the presence of 
an unknown respiratory pathogen.

However, our study included only patients who were 
hospitalized for SARS-CoV-2. Consequently, the results 
are representative only of patients with severe forms of 
the disease. In addition, we included in the clustering 
analysis only patients who survived until discharge and at 
least 30 days after. We can thus assume that we included 
the less fragile patients, which may explain the low death 
rates observed in some clusters. Moreover, this would be 
of interest to study HCU of the deceased patients, whose 
HCU should also be non-negligible. Here, the mean 
duration of the stay in the 15,272 patients who deceased 
during their index stay was 11.5 days (SD = 11.1) and 
31.4% of them needed ICU. However, in the SNDS, 
detailed cares consumed during a hospitalization are 
not available: only the cost of the hospitalization itself 
is available. In addition, as a claims database, little clini-
cal information is available in the SNDS: only diagnoses 
related to hospitalizations were available, but no medi-
cation-related diagnoses, symptoms or PCR test results. 
However, in early 200, PCR tests were rarely performed 
in the general population in France. The data cover the 
first wave of COVID-19 and the following months; thus, 
the profiles of hospitalized patients during subsequent 
waves may be very different from those hospitalized dur-
ing the first wave [34], and the use of vaccines and vari-
ants that occurred later in the pandemic course impacted 
COVID-19 patient outcomes. A replication of the same 
analysis over a later period of the pandemic would thus 
be of interest. However, these early data remain highly 
useful for understanding the consequences of a new pan-
demic on HCU in its early phase and identifying patient 
that may have similar postdischarge profiles.

Conclusion

This study presents robust and little explored data on the 
healthcare consumption of patients who were hospital-
ized for COVID-19 and who survived at least 30 days 
following discharge. We distinguished eight clinically 
relevant profiles of patients based on their postdischarge 
HCU. These results provide valuable insight for outpa-
tient monitoring during new viral respiratory pandemics. 
The results could be replicated over subsequent periods 
of the pandemic to account for different variants and vac-
cination. Our study contributes to a better understanding 
of the impact of a new contagious respiratory condition 
on HCU following the discharge of hospitalized patients, 
which is crucial for allocating needed resources in such 
an urgent situation.
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