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ABSTRACT
Background:  Hospitalized patients with coronavirus disease 2019 (COVID-19) can be classified 
into different clinical phenotypes based on their demographic, clinical, radiology, and laboratory 
features. We aimed to validate in an external cohort of hospitalized COVID-19 patients the 
prognostic value of a previously described phenotyping system (FEN-COVID-19) and to assess 
the reproducibility of phenotypes development as a secondary analysis.
Methods: Patients were classified in phenotypes A, B or C according to the severity of oxygenation 
impairment, inflammatory response, hemodynamic and laboratory tests according to the 
FEN-COVID-19 method.
Results:  Overall, 992 patients were included in the study, and 181 (18%), 757 (76%) and 54 
(6%) of them were assigned to the FEN-COVID-19 phenotypes A, B, and C, respectively. An 
association with mortality was observed for phenotype C vs. A (hazard ratio [HR] 3.10, 95% 
confidence interval [CI] 1.81–5.30, p < 0.001) and for phenotype C vs. B (HR 2.20, 95% CI 1.50–3.23, 
p < 0.001). A non-statistically significant trend towards higher mortality was also observed for 
phenotype B vs. A (HR 1.41; 95% CI 0.92–2.15, p = 0.115). By means of cluster analysis, three 
different phenotypes were also identified in our cohort, with an overall similar gradient in terms 
of prognostic impact to that observed when patients were assigned to FEN-COVID-19 phenotypes.
Conclusions: The prognostic impact of FEN-COVID-19 phenotypes was confirmed in our external 
cohort, although with less difference in mortality between phenotypes A and B than in the 
original study.

KEY MESSAGES

• Hospitalized patients with COVID-19 can be classified into different clinical phenotypes based 
on their demographic, clinical, radiology, and laboratory features

• In this study, we externally confirmed the prognostic impact of clinical phenotypes previously 
identified by Gutierrez-Gutierrez and colleagues in a Spanish cohort of hospitalized patients 
with COVID-19, and the usefulness of their simplified probabilistic model for phenotypes 
assignment

• This could indirectly support the validity of both phenotype’s development and their 
extrapolation to other hospitals and countries for management decisions during other possible 
future viral pandemics

© 2023 The Author(s). Published by informa UK limited, trading as Taylor & francis Group.
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Background

Hospitalized patients with coronavirus disease 2019 
(COVID-19) can be classified into different clinical phe-
notypes based on their demographic, clinical, radiol-
ogy, and laboratory features [1–7]. Based on data from 
the first phase of the COVID-19 pandemic, 
Gutierrez-Gutierrez and colleagues identified three dis-
tinct clinical phenotypes through unsupervised clus-
tering in a derivation cohort, and then assessed and 
validated their prognostic impact both in an internal 
validation cohort and in an external validation cohort 
from the same country (Spain) [4].

While the clinical picture and prognosis of COVID-19 
in hospitalized patients have changed dramatically and 
favourably after 2020, especially with the availability 
of efficacious vaccines in preventing progression to 
severe disease [8,9], additional external validation from 
other countries of the prognostic impact of pheno-
types remains crucial to confirm the reproducibility of 
both results and methodology. Indeed, this could 
prove useful during other possible future viral pan-
demics for guaranteeing rapid and solid extrapolation 
to different parts of the world of reliable research 
findings with relevant clinical implications.

In the present study, we aimed to validate the prog-
nostic impact of clinical phenotypes developed by 
Gutierrez–Gutierrez and colleagues in an external 
cohort of COVID-19 patients hospitalized during the 
first phase of the pandemic in a large teaching hos-
pital in Italy. In addition, we aimed to assess the repro-
ducibility of phenotypes development in our cohort 
as a secondary analysis.

Methods

Setting and objectives

The present retrospective study was conducted at 
IRCCS Ospedale Policlinico San Martino, a 1200-bed 
teaching hospital in Genoa, Northern Italy. The study 
population was patients with COVID-19 hospitalized 
from January 2020 to April 2021. Exclusion criteria 
were: (i) age <18 years old; (ii) number of missing vari-
ables per patient <50%. The primary study objective 
was to validate the prognostic impact of the pheno-
types developed by Gutierrez-Gutierrez and colleagues 
in our Italian cohort. Secondary objectives were: (i) to 
assess whether the unsupervised clustering of demo-
graphic and clinical variables from a subset of two 
third of patients from our study population (derivation 
cohort) resulted in clinical phenotypes similar to those 
obtained by Gutierrez-Gutierrez and colleagues; (ii) to 

assess whether also the phenotypes identified in our 
derivation cohort exerted a prognostic impact in the 
derivation cohort and in the remaining one-third of 
patients (internal validation cohort).

The collection of anonymized data from hospitalized 
COVID-19 patients for research purposes was approved 
by the local ethics committee (Liguria Region Ethics 
Committee, protocol registry number 163/2020). A 
subsequent protocol amendment, reviewed by the 
same local ethics committee before the conduction of 
the present retrospective study, was approved in May 
2021. Specific informed consent for this validation 
study was waived due to the retrospective nature of 
the analyses.

De�nitions and data collected for the study

COVID-19 was defined as at least one positive real-time 
polymerase chain reaction test for SARS-CoV-2 on a 
respiratory specimen. Collected variables were defined 
as in the study by Gutierrez–Gutierrez and colleagues. 
In particular, we collected the following variables nec-
essary for patients’ assignment to the different phe-
notypes derived from the Spanish cohort: age; gender; 
body mass index; chronic lung disease; white blood 
cells count at admission; neutrophils count at admis-
sion; C-reactive protein at admission; diastolic blood 
pressure at admission; oxygen saturation without oxy-
gen therapy at admission; serum creatinine at admis-
sion; serum potassium at admission; serum sodium at 
admission; hematocrit at admission; international nor-
malized ratio at admission; blood glucose at admission. 
In addition, in order to assess the reproducibility of 
the development of phenotypes in our internal vali-
dation cohort, and to subsequently assess their prog-
nostic impact, we were able to collect also the 
following variables employed by Gutierrez-Gutierrez 
for phenotypes development: chronic heart disease; 
hypertension; diabetes mellitus; chronic kidney disease; 
chronic liver disease; chronic neurologic disease; 
dementia; active solid malignancy; active hematolog-
ical malignancy; human immunodeficiency virus/
acquired immunodeficiency syndrome; treatment with 
angiotensin converting enzyme inhibitors; treatment 
with angiotensin receptor blockers; reported fever at 
admission; temperature at admission; myalgia/arthral-
gia at admission; headache at admission; anosmia at 
admission; altered mental status at admission; lym-
phocyte count at admission; D-dimer at admission; 
procalcitonin at admission; interleukin-6 at admission; 
ferritin at admission; heart rate at admission; systolic 
blood pressure at admission; dyspnea at admission; 
cough at admission; expectoration at admission; 



ANNALS OF MEDICINE 3

respiratory rate at admission; arterial PaCO2; lung infil-
trates on chest radiography at admission; serum albu-
min at admission; lactate dehydrogenase at admission; 
serum bilirubin at admission; hemoglobin at admission; 
platelet cells count at admission; creatine phosphoki-
nase at admission.

Statistical analysis

The primary study analysis was the evaluation of the 
prognostic impact in our cohort of phenotypes devel-
oped by Gutierrez-Gutierrez and colleagues. We first 
performed multiple imputations by chained equations 
(MICE), employing the nearest neighbours-based pre-
dictive mean matching method (the proportion of 
missing data per variable in our cohort, compared with 
the Spanish cohort, is shown in supplementary Table 
S1) [10]. Then, we assigned each patient in our pop-
ulation to one of the three phenotypes (A, B, or C) 
previously identified by Gutierrez-Gutierrez and col-
leagues. This was done by using the FEN-COVID-19 
website (https://www.fen-covid.com) for assigning each 
patient to the phenotype with the highest resulting 
probability of assignment. Subsequently, the cumula-
tive incidence of 30-day mortality in patients assigned 
to the three different phenotypes was presented 
graphically with the Kaplan-Meier method, whereas 
the impact of the different phenotypes on 30-day mor-
tality as a time-to-event endpoint was assessed by 
means of Cox regression after having verified fulfilment 
of the proportional hazard assumption through the 
log(-log(survival)) versus the log of survival time graph. 
Results were reported as hazard ratios (HRs) together 
with the corresponding 95% confidence intervals (CIs).

With regard to the study’s secondary objectives, to 
reproduce the development of phenotypes in our 
cohort, we first randomly divided our population into 
a derivation cohort (composed of two third of patients) 
and an internal validation cohort (composed of 
one-third of patients). Subsequently, we assessed the 
distribution of variables in the derivation cohort. By 
means of the χ2 test and Pearson’s correlation coeffi-
cient for categorical and continuous variables, respec-
tively, we excluded variables that were highly 
correlated, as reasonable proxies, to other variables 
(α < 0.01), in order to avoid collinearity. Then, we per-
formed a two-step cluster analysis using both cate-
gorical and continuous variables to obtain the optimal 
number of clusters based on the silhouette index. We 
did not perform a sensitivity analysis excluding vari-
ables with more than 50% missing data as in the study 
by Gutierrez–Gutierrez and colleagues, since all vari-
ables in our cohort had less than 50% missing data. 

After the variables were grouped into different cate-
gories (comorbidities, system-related, or organ-related, 
as in the study by Gutierrez–Gutierrez and colleagues), 
we used chord diagrams and heatmaps to visualize 
the pattern of distribution of variables in the different 
phenotypes.

To verify the impact on mortality of phenotypes 
developed in our derivation cohort, we first developed 
a probabilistic model as done in the study by 
Gutierrez–Gutierrez and colleagues, in order to assign 
phenotypes and then verify their prognostic impact 
also in our internal validation cohort. To this aim, we 
performed a multinomial logistic regression analysis 
in the derivation cohort. We first compared variables 
between phenotypes using the χ2 test and the Kruskal–
Wallis test for categorical variables and continuous 
variables, respectively. Then, variables showing a 
potential association with phenotypes (p < 0.20) were 
included in a multinomial logistic regression model, 
excluding collinear variables based on the variance 
inflation factor, and selecting variables for the final 
model through a manual backward procedure. 
Convergence of the model was obtained by using 
Jeffreys-prior penalty of the likelihood [11]. The area 
under the receiver operating characteristic curve 
(AUROC) was employed to measure the predictive abil-
ity of the model for phenotype assignment. Finally, 
the impact of phenotypes on 30-day mortality was 
assessed as in the primary study analysis (see above), 
both in the derivation cohort and in the internal val-
idation cohort.

The analyses were performed using R Statistical 
Software (version 4.2.1, R Foundation for Statistical 
Computing, Vienna, Austria), and SPSS Statistics for the 
two-step cluster analysis (Version 29.0. IBM Corp, 
Armonk, NY, US).

Results

Overall, 992 patients were included in the study. Their 
median age was 72 years (interquartile range [IQR] 
50–82) and 62% were male (616/992). Their demo-
graphic and clinical characteristics are reported in 
Table 1, which also shows the distribution of patients 
and variables in the three phenotypes previously 
developed by Gutierrez–Gutierrez and colleagues. 
Overall, 181 (18%), 757 (76%) and 54 (6%) patients 
were assigned to phenotypes A, B, and C, respectively. 
As shown in Figure 1, the cumulative 30-day mortality 
was 60.9% in patients assigned to phenotype C, while 
it was 25.5% and 38.2% in patients assigned to phe-
notype A and phenotype B, respectively. An association 
with mortality in Cox regression models was observed 

https://doi.org/10.1080/07853890.2023.2195204
https://doi.org/10.1080/07853890.2023.2195204
https://www.fen-covid.com
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Figure 1. cumulative mortality up to day 30 according to phenotypes developed by Gutierrez-Gutierrez and colleagues. Patients 
were assigned to the three phenotypes previously identified by Gutierrez-Gutierrez and colleagues following their probabilistic 
model (see study methods for more details) [4]. The time of origin is the day of hospital admission for coVid-19. death is the 
event of interest and right-censoring was applied at the end of follow-up (hospital discharge or day 30, whichever came first).

for phenotype C vs. A (HR 3.10, 95% CI 1.81–5.30, 
p < 0.001) and for phenotype C vs. B (HR 2.20, 95% CI 
1.50–3.23, p < 0.001). Although not statistically signifi-
cant, an HR directed towards higher mortality was also 
observed for phenotype B vs. A (HR 1.41; 95% CI 
0.92–2.15, p = 0.115).

With regard to secondary analyses, the demographic 
and clinical characteristics of patients were similar after 
the random assignment of patients to the derivation 
cohort or the internal validation cohort (supplementary 
Table S2). By means of cluster analysis, three pheno-
types were identified in the derivation cohort (silhou-
ette index 0.1). The identified phenotypes were named 
A1, B1, and C1. The letter of the phenotypes (A1, B1, 
and C1) was assigned based on the clinical similarity 
with the three phenotypes previously identified in the 
Spanish cohort. More in detail, we first noticed that 
the smallest phenotype in our cohort was similar to 
the smallest one in the Spanish cohort. Indeed, patients 
belonging to the smallest phenotype in our cohort, 
like patients belonging to phenotype C in the Spanish 
cohort, showed both an increased burden of baseline 
comorbidities and a more severe clinical presentation 
of COVID-19 (e.g. higher frequency of dyspnea, lower 
peripheral oxygen saturation) when compared with the 
entire derivation cohort. Therefore, we named the 
smallest phenotype in our cohort phenotype C1. 
Subsequently, we noticed that, unlike in the Spanish 
cohort, there was not a far larger phenotype in terms 

of the number of patients among the remaining two 
phenotypes identified in our derivation cohort, and 
that the two phenotypes also presented a similar dis-
tribution of COVID-19-related signs and symptoms and 
of laboratory parameters. Nonetheless, as in the Spanish 
cohort, we noticed that patients belonging to one of 
the two remaining phenotypes had a very reduced 
burden of comorbidities compared with the entire der-
ivation cohort. This phenotype was thus named phe-
notype A1 after the Spanish phenotype which also 
showed a considerably reduced burden of comorbidi-
ties (phenotype A). The last remaining phenotype was 
named phenotype B1. Of note, as many as 66% of 
patients assigned to the FEN-COVID-19 phenotype A 
in our cohort had a probability <70% to be assigned 
to phenotype A. Thus, there was not a large difference 
between their probability to be assigned to phenotype 
A vs. phenotype B. In line with this similarity, while 
most of the patients in our cohort who were assigned 
to phenotype A by the FEN-COVID-19 model were also 
assigned to phenotype A1 in our derivation cohort 
(77/124, 62%), the majority of patients belonging to 
phenotype A1 in our derivation cohort were assigned 
to phenotype B by the FEN-COVID-19 model (225/314, 
72%). The distribution of demographic and clinical vari-
ables in the three phenotypes A1, B1, and C1 is shown 
in Table 2 and presented graphically by means of a 
chord diagram and heatmap in Figure 2 and 
supplementary figure S1, respectively.

https://doi.org/10.1080/07853890.2023.2195204
https://doi.org/10.1080/07853890.2023.2195204
https://doi.org/10.1080/07853890.2023.2195204
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The subsequent step was the development of a 
parsimonious probabilistic model for the assignment 
of patients to the three phenotypes identified in our 
derivation cohort, following the methods used by 
Gutierrez-Gutierrez and colleagues. The crude associ-
ations we found between variables and the different 
phenotypes are reported in Supplementary table S3. 
Overall, 34 variables were included in the final mul-
tinomial regression model (age, lymphocyte cell count, 
procalcitonin, heart rate, systolic blood pressure, respi-
ratory rate, oxygen saturation, arterial PaCO2, albumin, 

lactic acid dehydrogenase, creatinine, potassium, 
hematocrit, platelet count, blood glucose, chronic 
heart disease, hypertension, chronic lung disease, 
chronic kidney disease, chronic neurologic disease, 
active solid malignancy, active hematological malig-
nancy, HIV/AIDS, obesity, diabetes mellitus, dementia, 
treatment with angiotensin-converting enzyme inhib-
itors, reported fever, myalgia/arthralgia, headache, 
altered mental status, cough, expectoration, lung infil-
trates on chest radiography), as detailed in 
Supplementary Table S4. Based on the actual 

Figure 2. chord diagram of the distribution of variable groups in the different phenotypes in the derivation cohort. The vari-
ables are grouped into categories (demo stands for demographics, Treat stands for Treatments, cardio stands for cardiovascular, 
Resp stands for Respiratory, Haemato stands for Haematological), with the different colors representing the different phenotypes: 
green for phenotype A, blue for phenotype B, and red for phenotype c. A ribbon is connecting phenotypes to the different 
variable groups if the proportion (in the case of categorical variables) or the mean (in the case of continuous variables) is 
significantly different when compared to the entire derivation cohort. The width of the ribbon depends on the number of 
significantly correlated variables.

https://doi.org/10.1080/07853890.2023.2195204
https://doi.org/10.1080/07853890.2023.2195204
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belonging of patients to the different phenotypes in 
the derivation cohort, the AUROC of the model for 
phenotype assignment was 0.96 (95% CI 0.94–0.97), 
0.95 (95% CI 0.94–0.97), and 0.77 (95% CI 0.71–0.84) 
for phenotype A1, phenotype B1, and phenotype C1, 
respectively. The cumulative 30-day mortality in the 
derivation cohort was 48.8% in patients belonging to 
phenotype C1, while it was 36.8% and 41.7% in 
patients belonging to phenotype A1 and phenotype 
B1, respectively (supplementary Figure S2). An asso-
ciation with mortality in Cox regression models was 
observed for phenotype C1 vs. A1 (HR 1.72, 95% CI 
1.07–2.76, p = 0.025). Although not statistically signif-
icant, an HR directed towards higher mortality was 
observed for phenotype C1 vs. B1 (HR 1.31, 95% CI 
0.83–2.07, p = 0.252), and for phenotype B1 vs. A1 (HR 
1.32; 95% CI 0.96–1.81, p = 0.089).

After having assigned, using the multinomial regres-
sion model, the patients of the internal validation 
cohort to the three phenotypes that were identified 
in the derivation cohort (Supplementary Table S5), the 
final step was to assess mortality according to the 
different phenotypes also in the internal validation 
cohort. The cumulative 30-day mortality in the internal 
validation cohort is shown in supplementary Figure 
S3. Although not statistically significant, an HR directed 
towards higher mortality was observed for phenotype 
C1 vs. A1 (HR 2.79, 95% CI 0.85–9.19, p = 0.09) and for 
phenotype C1 vs. B1 (HR 1.22, 95% CI 0.38–3.92, 
p = 0.74), whereas a statistically significant association 
with mortality was observed for phenotype B1 vs. A1 
(HR 2.28; 95% CI 1.43-3.65, p < 0.001). A summary of 
cumulative 30-day mortality in the different study 
cohorts according to the different phenotypes is avail-
able in supplementary Table S6.

Discussion

In this study, we externally confirmed the prognostic 
impact of phenotypes previously identified by 
Gutierrez-Gutierrez and colleagues in a Spanish cohort, 
and the usefulness of their simplified probabilistic 
model for phenotypes assignment, although we 
observed less difference in mortality between pheno-
type A and B than in the Spanish cohort [4].

As in the Spanish cohort, the highest mortality was 
observed in patients assigned to phenotype C, 
whereas the lowest was observed in patients assigned 
to phenotype A. As in the Spanish cohort, patients 
assigned to phenotype C by the probabilistic model 
showed laboratory results suggestive of a hyper 
inflammatory state, the highest frequency of dyspnea, 
and the lowest peripheral oxygen saturation at 

hospital admission, whereas patients assigned to phe-
notype A were the youngest and showed the lowest 
burden of baseline comorbidities. Finally, as in the 
Spanish cohort, most patients were assigned to phe-
notype B, composed of patients with a heavier burden 
of comorbidities than patients assigned to phenotype 
A, but with a less severe COVID-19 clinical presenta-
tion than patients assigned to phenotype C [4]. As 
anticipated above, a worth noting difference is that, 
while mortality rates were overall similar to those 
observed in the Spanish cohort for both phenotype 
B and phenotype C, 30-day mortality for phenotype 
A was far higher in our cohort than in the Spanish 
cohort (25.5% vs. 2.5%). While part of this difference 
may be related to the fact that, due to the unavail-
ability of subsequent follow-up, patients were 
right-censored at hospital discharge (this may have 
biased results towards higher mortality considering 
that, in reality, risk of death in discharged patients 
was likely reduced in most cases due to improved 
clinical conditions), it should also be noted that, dif-
ferently from the Spanish cohort, patients assigned 
to phenotype A in our cohort had more marked alter-
ations of laboratory parameters and of peripheral 
oxygen saturation at admission than those belonging 
to phenotype A in the Spanish cohort, despite a sim-
ilar low burden of baseline comorbidities. Overall, this 
may reflect different hospitalization criteria, consider-
ing that, among patients with no significant baseline 
comorbidities, only those with impaired respiratory 
function and alterations of laboratory results consis-
tent with moderate to severe disease were admitted 
to our hospital during the first waves of the pandemic 
[12]. Nonetheless, this also highlights an important 
limitation to be considered when using phenotypes 
in clinical practice, that is, mortality is not inherently 
very low if a patient is assigned to phenotype A by 
the model, since, based on the patient’s characteris-
tics, the probability to be assigned to phenotype B 
may be only slightly lower than that to be assigned 
to phenotype A, in turn influencing mortality.

Notably, the differences mentioned above between 
our cohort and the Spanish cohort regarding patients 
with phenotype A could also explain why we were 
only partly able to reproduce phenotype develop-
ment in our cohort. Indeed, while the prognostic 
effect of the phenotypes developed in our cohort 
was eventually similar to those developed in the 
Spanish cohort (the direction of the effect in Cox 
regression models was constantly towards higher 
mortality for phenotype C1 vs. A1, C1 vs. B1, and B1 
vs. A1 both in our derivation cohort and in our inter-
nal validation cohort), cluster analysis in the 

https://doi.org/10.1080/07853890.2023.2195204
https://doi.org/10.1080/07853890.2023.2195204
https://doi.org/10.1080/07853890.2023.2195204
https://doi.org/10.1080/07853890.2023.2195204
https://doi.org/10.1080/07853890.2023.2195204
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derivation cohort did not identify a far larger phe-
notype B1 than A1 (in terms of a number of patients) 
as for B vs. A in the Spanish cohort. In our opinion, 
this could reflect an increased difficulty in distinguish-
ing phenotypes B1 and A1 based on laboratory 
results and respiratory function parameters in com-
parison with the Spanish cohort. Eventually, we think 
all of this further strengthen our primary validation 
analysis of the prognostic impact of the phenotypes 
identified by Gutierrez–Gutierrez and colleagues, since 
we were able to reproduce their results despite some 
notable differences between the Italian cohort and 
the Spanish cohort. Of note, three different pheno-
types were also identified by Lusczek and colleagues 
among 1000 hospitalized patients with COVID-19 in 
a retrospective study conducted in 14 US hospitals, 
using ensemble clustering [3]. The authors observed 
a distribution of variables and prognostic impact 
across the three different phenotypes that were over-
all similar to those observed in our cohort and in the 
Spanish cohort, but with a less striking difference in 
terms of baseline comorbidities between the two 
phenotypes associated with the lowest mortality 
rates. In our opinion, this third variation further sup-
ports the underlying existence of three universal 
phenotypes that conferred a different risk of death 
in hospitalized COVID-19 patients during the first 
waves of the pandemic, and that could be general-
ized despite the presence of some differences across 
cohorts [3].

Certainly, the small sample of patients belonging 
to phenotype C1 in our secondary analyses, especially 
in the internal validation cohort, is an important lim-
itation that must be acknowledged. Indeed, this could 
have precluded a solid validation of phenotypes 
development as a secondary analysis. In addition, the 
small dimension of our internal validation cohort did 
not allow us to attempt phenotype development also 
in this cohort. With regard to our primary study anal-
ysis (validation of the prognostic impact of the phe-
notypes identified by Gutierrez–Gutierrez and 
colleagues), which was conducted in the entire study 
population, a limitation worth reporting is that the 
available data allowed us to retrospectively collect 
75.4% (52/69) of the total features employed by 
Gutierrez–Gutierrez and colleagues for phenotypes 
development [12]. However, it is also worth noting 
that the 17 features not included in our analyses 
were not associated with phenotypes in the study 
by Gutierrez–Gutierrez and colleagues and eventually 
not included in their probabilistic phenotype assign-
ment model; thus, they had no effect on our primary 
validation analysis.

In conclusion, the prognostic impact of phenotypes 
previously identified by Gutierrez–Gutierrez and col-
leagues was confirmed in our external Italian cohort, 
although with less difference in mortality between 
phenotypes A and B than in the original study. Keeping 
in mind this limitation, our results could indirectly 
support the validity of both phenotypes development 
and their extrapolation to other hospitals and coun-
tries for management decisions during other possible 
future viral pandemics.
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