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Abstract

Recently the coronavirus disease (COVID-19) outbreak has been declared a pandemic. Despite its aggressive extension
and significant morbidity and mortality, risk factors are poorly characterized outside China. We designed a registry, HOPE
COVID-19 (NCT04334291), assessing data of 1021 patients discharged (dead or alive) after COVID-19, from 23 hospitals
in 4 countries, between 8 February and 1 April. The primary end-point was all-cause mortality aiming to produce a mortality
risk score calculator. The median age was 68 years (IQR 52-79), and 59.5% were male. Most frequent comorbidities were
hypertension (46.8%) and dyslipidemia (35.8%). A relevant heart or lung disease were depicted in 20%. And renal, neuro-
logical, or oncological disease, respectively, were detected in nearly 10%. Most common symptoms were fever, cough, and
dyspnea at admission. 311 patients died and 710 were discharged alive. In the death-multivariate analysis, raised as most
relevant: age, hypertension, obesity, renal insufficiency, any immunosuppressive disease, 02 saturation < 92% and an elevated
C reactive protein (AUC =0.87; Hosmer-Lemeshow test, p > 0.999; bootstrap-optimist: 0.0018). We provide a simple clini-
cal score to estimate probability of death, dividing patients in four grades (I-IV) of increasing probability. Hydroxychloro-
quine (79.2%) and antivirals (67.6%) were the specific drugs most commonly used. After a propensity score adjustment, the
results suggested a slight improvement in mortality rates (adjusted-ORp;oxychioroquine 0-88; 95% CI 0.81-0.91, p=0.005;
adjusted-OR,;;yira 0-94; 95% CI 0.87-1.01; p=0.115). COVID-19 produces important mortality, mostly in patients with
comorbidities with respiratory symptoms. Hydroxychloroquine could be associated with survival benefit, but this data need
to be confirmed with further trials. Trial Registration: NCT04334291/EUPAS34399.
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Introduction

Recently, a severe outbreak of a newly discovered coro-
navirus (SARS-CoV-2, previously 2019-nCoV) causing a
zoonotic disease named coronavirus disease 2019 (COVID-
19) [1] has been declared a pandemic by WHO [2]. With a
broad spectrum of symptoms, most of the available data has
been provided based on Chinese patients since it was first
reported in December 2019 [1, 3]. In these reports, although
most patients were deemed to be asymptomatic or have mild
upper respiratory tract involvement, others developed a
severe respiratory condition, including bilateral pneumonias,
sepsis, distress and other potentially fatal complications, but
usually with relatively low in-hospital death rate (<5%) [4].

Consequently, after demonstrating an efficient person-to-
person transmission, several questions remain unanswered
about COVID-19, including if the behavior of the disease
is different outside the Asian breed and an adequate precise
treatment. Furthermore, the very aggressive extension of the
infection in several countries, more so than in China, with
an increasing number of confirmed cases in most countries
worldwide, is responsible for a significant morbi-mortality
and has motivated the implementation of measures at an
international level with a great impact on people’s way of
life on a worldwide level.

In fact, according to figures updated on 27 April 2020, the
WHO has recognized a relevant mortality of over 2,858,635
confirmed cases with 196,295 confirmed deaths in 213 coun-
tries or territories with cases [5].

Moreover, this condition currently threatens many coun-
tries with the collapse of their health systems, producing
serious logistical problems due to extensive affectation of
the population which can worsen the prognosis of those
primarily affected by COVID-19 as well as other patients
with different pathologies and who may experience difficulty
accessing healthcare.

Here we analyze the clinical profile, presentation and
the influence of previous treatments in patients hospitalized
due to COVID-19, primarily focusing on mortality and pro-
ducing a risk score designed to facilitate the allocation of
resources.

Methods

The study is investigator-initiated and approved by the ethics
committee of the promoting center, National Drug Agency
(AEMPs classification EPA-0D) and by institutional board
or local committees. Written informed consent was waived
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due to the nature of the anonymized registry and the sever-
ity of the situation. Data were analyzed with the support
of an independent specialized foundation (Institute for
the Improvement of Health Care, Madrid, Spain, IMAS),
serving as statistical core. All local principal investigators
reviewed the draft and vouch for the accuracy and veracity of
data. A list of participating hospitals, investigators, collabo-
rators, protocol and definitions are available in the appendix.

Study design and participation criteria

HOPE-COVID-19 (Health Outcome Predictive Evaluation
for COVID-19, NCT04334291) is an international initiative
with no conflicts of interest. It is designed as a retrospective
cohort registry, a real life, all-comers type, with no financial
remuneration.

All patients receiving attention in any health center with
in-hospital beds, who have been discharged or have died at
the time of the evaluation who had a positive COVID-19 test
(throat swab samples were obtained from patients at admis-
sion and tested using real-time reverse transcriptase—poly-
merase chain reaction assays according to the WHO recom-
mendation) or if their attending physicians considered them
highly likely to have presented the infection, are eligible.

An online database is presented in electronic format to
be filled in by each participating center (https://www.HopeP
rojectMD.com). The data presented here corresponds to the
HOPE COVID-19 Registry predefined interim analysis with
a cutoff performed on April 2™,

Study outcomes

We considered as primary end-point all-cause mortality.
Invasive mechanical ventilation, and other clinically rel-
evant events were recorded as secondary end-points (non-
invasive mechanical ventilation, prone, respiratory insuffi-
ciency, heart failure, renal failure, upper respiratory tract
involvement, pneumonia, sepsis, systemic inflammatory
response syndrome, clinically relevant bleeding, hemoptysis
and embolic events). Events were allocated following local
researchers’ criteria.

Statistical analysis

Qualitative variables are presented as their frequencies
and quantitative data as the mean and standard deviation
or median and interquartile range, as appropriate, for all
cohorts (descriptive and analytical). Due to heterogeneity
among countries regarding clinical features, for death-risk
assessment purposes, only patients from Italy and Spain
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were considered. Since the clinical profile was reasonably
similar, a country effect was discarded at this level, therefore
these countries made up the analytical cohort.

In the analytical cohort, univariate analysis was per-
formed for qualitative variables by a mixed-model of country
and reported as odds ratios (OR) with 95% confidence inter-
val (CI). Mixed-logistic regression models were adjusted by
backward-stepwise regression based on the maximum likeli-
hood estimators and median OR was estimated for the coun-
tries effect. The likelihood-ratio and its significance were
calculated for each variable according to criteria for entry
(» <0.05) and removal (p > 0.10). We selected risk factors
either showing a p <0.10 in the univariate analysis or that
were clinically relevant. Possible collinearity and interac-
tions were evaluated with the introduction of multiplicative
terms.

Discriminative capacity was assessed by the area under
the ROC curve (AUC) and its 95% CI. The model was cali-
brated by comparing predicted versus observed probabilities
after their calculation from the adjusted model coefficients.
The Hosmer-Lemeshow test was used for model goodness-
of-fit. The model with the greatest discriminative power,
good calibration, viable capacity, and meeting the principle
of parsimony, explaining the maximum variability outcome
variable with the smallest number of parameters included,
was selected. Internal validity was assessed with bootstrap
of 1000 samples and optimistic value was reported.

A mortality risk-score was obtained from the point esti-
mate for each variable using the OR of the final model. Pre-
dicted and observed probabilities were compared. AUCs
of the scores were compared with the nonparametric ROC
Mann-Whitney U test.

Fig.1 Study patient flow
diagram Patiens included in HOPE

(27 April 2020, interim analysis)

HOPE descriptive report
Germany (n=102)*
Ecuador (n=11)

Italy (n=88)

Spain (n=820)

HOPE analytic report
Italy (n=88)
Spain (n=820)

We performed a propensity-score matching (PSM), esti-
mated by t effects psmatch, to determine how near subjects
were to each other by using estimated treatment probabili-
ties. Variables included in the PSM were those identified
by the multivariate analysis. In all cases, the distribution
of the variable was checked against theoretical models and
the assumption of homogeneity of variance tested. In all
hypothesis tests the null hypothesis with a type I error or
a error < 0.05 was rejected. The statistical packages used
were SPSS 24.0 (SPSS Inc, Chicago, IL) and STATA 15.0
(StataCorp LLC, College Station, TX). The manuscript was
drafted following the TRIPOD statement [6].

Results

Characteristics of the patients and in-hospital
outcomes: descriptive cohort.

1021 patients were finally included in HOPE registry on
2 April 2020, from 23 centers in 19 cities and 4 countries
(Ecuador, Germany, Italy and Spain), Fig. 1. Between 8 Feb-
ruary and 1 April, of those, 311 died during hospitalization
and 710 were discharged alive.

The median age was 68 years (IQR 52.0-79.0), and most
were male (59.5%). The most frequent comorbidities were
hypertension (46.8%) and dyslipidemia (35.8%). Concern-
ing other conditions, a relevant heart or lung disease were
depicted in 20%, and any renal, cerebrovascular or onco-
logical disease were reported in 8.2, 9.7 and 13.3%. Further
details are displayed, stratified by vital status, and the need
of invasive mechanical ventilation, in appendix table S1.
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The most common presentation symptoms on admission
were fever (78.2%), cough and dyspnea in more than 50%,
with low transcutaneous oxygen saturation by pulse oxime-
try (<92%) in 38%. Other symptoms, less frequent but strik-
ing, were diarrhea (17.5%), vomiting (7.6%), hypo/anosmia
and dysgeusia (10%), confusion (Glasgow coma score < 15:
8%) and syncope (< 1%).

In the exploratory field, tachypnea was reported in 26%
and 8% showed abnormally low blood pressure. At the time
of hospital admission, blood tests highlighted an elevated
C-reactive protein (92%), lactate dehydrogenase (75.5%),

p-dimer (67%), and ferritin (60%) levels. Chest X-ray
revealed acute lung abnormalities in more than 70%, mostly
bilateral.

Overall management is depicted in Table 1. The specific
drug most frequently used was hydroxychloroquine (72%),
followed by antibiotics and an antiviral drug (mostly lopina-
vir/ritonavir, excepting in three cases: oseltamivir), in more
than 60%.

In the respiratory sphere, prone was used in 10%, and
non-invasive mechanical ventilation in 16%. An invasive
ventilation approach was reached in 5.3% (49/916). Of those,

Table 1 Medical management and in-hospital stay of the registry participants overall (descriptive cohort), based on attending physician team

criteria

All patients® (n=1021)

Vital Status® Invasive mechanical ventilation
Death=311/1021 (30) All, n=916° yes=49 (5.3)°

Management
Non-invasive mechanical ventilation

Yes 157/955 (16.4) 80/301 (51) 138/906 (15.2) 15/46 (10.9)
No 798/955 (83.6) 221/301 (27.7) 768/906 (84.8) 31/46 (4)
Prone during admission
Yes 92/933 (9.9) 61/297 (66.3) 82/884 (9.3) 21/44 (25.6)
No 841/933 (90.1) 236/297 (28.1) 802/884 (90.7) 23/44 (2.9)
Use of corticoids
Yes 183/939 (19.5) 99/304 (54.1) 171/890 (19.2) 17/43 (9.9)
No 756/939 (80.5) 205/304 (27.1) 719/890 (80.8) 26/43 (3.6)
Hydroxicloroquine
Yes 686/954 (71.9) 200/300 (29.2) 644/899 (71.6) 41/48 (6.4)
No 268/954 (28.1) 100/300 (37.3) 255/899 (28.4) 7/41 (2.7)
Antiviral drugs
Yes 585/957 (61.1) 172/299 (29.4) 545/897 (60.8) 38/48 (7)
No 372/957 (38.9) 127/299 (34.1) 352/897 (39.2) 10/48 (2.8)
Interferon or similar
Yes 120/932 (12.9) 59/296 (49.2) 113/887 (12.7) 14/46 (12.4)
No 812/932 (87.1) 237/296 (29.2) 774/887 (87.3) 32/46 (4.1)
Tocilizumab or similar
Yes 48/929 (5.2) 24 (50) 46/884 (5.2) 14/49 (30.4)
No 881/929 (94.8) 267 (30.3) 838/884 (94.8) 35/49 (4.2)
Antibiotics
Yes 635/962 (66) 237/306 (37.3) 591/906 (65.2) 46/49 (7.8)
No 327/962 (34) 69/306 (21.1) 315/906 (34.8) 3/49 (1)
Use of ACEis/ARBs during instay
Yes 120/880 (13.6) 31/277 (25.8) 115/852 (13.5) 7/43 (6.1)
No 760/880 (86.4) 246/277 (32.4) 737/852 (86.5) 36/43 (4.9)
All patientsb (n=1021) Vital Status® Mechanical ventilation® (N=916)
(n=1021) Yes=49 (5.3) No=867 (94.7)
Death=311 (30%)
Alive=710 (70%)
Median symptoms to admission, (IQR)- 5(3-8) 3 (2-6) 5(3-8) 4 (3-7)
days
Median in-hospital stay, (IQR)-days 5(2-8) 5(2-8) 5(2-8) 7 (2-11.5)

2Some data are missing at the time of interim analysis. Calculations and percentages are expressed upon the recorded data as are displayed in the
table (recorded/total)

®In vital status and invasive mechanical ventilation, percentages are related to the presence or not of the event in that characteristic
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73.5% died (36/49). Regarding other events, the most com-
mon was a bilateral pneumonia, in more than 75% of the
cases, with respiratory insufficiency in 45%. Renal failure,
sepsis or systemic inflammatory response syndrome (SIRS)
were common, in more than 15%, Fig. 2. Over 311 patients
demised during their admission, the most frequent cause,
according to the attending physician criteria, was respiratory
followed by sepsis/SIRS or combined in more than 92%.

Mortality risk assessment: analytic cohort

All countries specific features are stratified in appendix. The
analytical cohort median age was 70 years (IQR 56-81),
59.6% were male and 92% Caucasian. The most frequent
comorbidities were hypertension (51.3%), dyslipidemia
(40%), obesity (23.5%) and diabetes (19.5%). A complete
univariate analysis of this cohort, with corresponding ORs,
is provided in the appendix, tables S2—-S10.

Age, hypertension, obesity, renal insufficiency, any
immunosuppressive disease, 02 saturation <92% and an
elevated C-reactive protein were the most relevant risk-fac-
tors for death in the logistic regression model, Table 2. The
model displayed good discrimination (AUC =0.87), internal
validation (bootstrap, optimist 0.0018) and calibration (Hos-

100

mer—Lemeshow test, p >0.999).
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The weight of every variable changed depending on the
age stratum we were considering. Thus, for the younger
cohort (<70 years), obesity and immunosuppression seemed
to be more important, while hypertension was more relevant
in the senior cohort. Renal insufficiency and desaturation
remained important in both. With all, we produced a risk
score to estimate probability of death, dividing patients in
four groups of growing mortality (I-IV), Table 2.

Drugs findings

Addressing the effect of the different drugs, see appendix, we
consider our results only exploratory, taking into account the
design of this study. The drugs included hydroxychloroquine
(79.2%) and antivirals (67.6%), which were frequently used
in the analytic cohort. The univariate assessment pointed to
a raw favorable effect for these treatments (ORp,ygroxychioroquine
0.43,95% CI 0.24-0.48, p <0.001; OR, 10.53,95% CI
0.40-0.72, p <0.001).

Therefore, we performed a PSM-adjustment using the
relative variables for mortality already mentioned. The
results suggested a slight improvement in mortality rates
(PSM-adjusted ORy,ygroxychioroquine 0-88; 95% C10.81-0.91,
p=0.005; PSM-adjusted OR,;ira1 0-94; 95% CI1 0.87-1.01;
p=0.115).
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Fig.2 Percentages (y axis) of death (blue bar) and invasive mechanical ventilation (orange bar) stratified by in-hospital events. In brackets, the
raw numbers of patients with that complication, in the descriptive cohort (color figure online)
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Discussion

To the best of our knowledge, this is one of the larger mul-
tinational cohort studies among patients with COVID-19
after discharge.

A relevant finding of our study is the decisive influence
of age on SARS-CoV2 mortality. This is not novel, as it
has been associated with COVID-19 mortality in series
from China [7, 8] and Italy [9].

In addition, we must highlight the importance of comor-
bidities in the prognosis in our series [10, 11]. Specifi-
cally, we identified hypertension, obesity, kidney failure
or immunosuppression status as significant factors. Inter-
estingly, these risk factors seemed modulated by age. For
example, hypertension is associated with an increased
risk of death in older people but not so in those under
70 years of age. In the same way, suffering from an immu-
nosuppressive condition was associated with mortality in
patients under 70.

Aging is associated with increased disease susceptibil-
ity, reduced capacity to overcome acute stress and neg-
atively influences innate and adaptive immunity. These
changes might justify a worse prognosis after SARS-CoV2
infection. In animal models of SARS-CoV [12] no differ-
ences were found in viral replication levels when compar-
ing aged and young adult macaques; however, the host
response to infection is stronger in aged animals, suggest-
ing that aging is associated with an increased severity in
pro-inflammatory responses. A cross-talk between antivi-
ral responses and pro-inflammatory pathways modulated
by age has been proposed [12]. This balance between tran-
scription factors could affect the infection outcome in such
a way that an exuberant host response is responsible for the
severe inflammation of the lung and development of acute
respiratory distress syndrome.

Hypertension has been identified in other studies as risk
factor for hospitalization and ICU admission in COVID-19
[13, 14]. It may be associated to structural heart disease
and added to the hypothetical viral direct effect on the car-
diomyocyte or myositis. Both could justify the observed
high rate of mortality associated with hypertension. The
existence of myocardial infection has been documented
in animal models with SARS-CoV infection. Likewise,
SARS-CoV viral RNA was detected in 35% of autopsied
human heart samples during the Toronto SARS outbreak
[15]. In a case-series of 416 hospitalized patients with
COVID-19, patients with cardiac injury had higher mor-
tality than those without it [16]. In our series, an elevated
troponin level pointed to an increased, non-adjusted mor-
tality (OR 2.95; 95% CI 1.74-5.01; p <0.001).

Another recognized risk factor, for hospitalization
and mechanical ventilation in 2009 influenza A (HIN1)

infection was obesity [17]. In addition, the Centers for
Disease Control and Prevention consider those with
BMI > 40 kg/m? at risk for flu complications [18]. Obese
individuals may be at higher risk for pneumonia [19]. So
far, the effect of obesity on the risk of complications from
COVID-19 has not been described. In a Chinese series,
this absence of relationship could be related to a lower
prevalence of obesity compared to Western-Europe [20].
In our series, we found a significant association of obesity
with mortality only in patients under the age of 70. Obe-
sity is a risk factor for many chronic diseases and could
produce an effect through due to its influence on lung ven-
tilatory mechanics.

Kidney disease has been described as a risk factor for
mortality in COVID-19 [21]. SARS-Cov2 may have direct
cytopathic effects on kidney tissue [22], entering kidney
cells through an angiotensin converting enzyme (ACE)-2
dependent pathway. Also, an immune-mediated dam-
age related to virus-induced immune complexes has been
reported [23]; the systemic inflammatory response observed
in COVID-19 can exert indirect effects on kidney tissue,
such hypoxia, shock, and rhabdomyolysis. Autopsy studies
of patients with COVID-19 did not find firm evidence of
SARS-CoV2 infection in the kidney [23]. The observed kid-
ney damage consisted of changes in glomerular endothelial
and tubular-epithelial cells which could be related to the
severity of inflammatory response.

We have identified the condition of previous immuno-
suppression as a risk factor of increased mortality, mostly
in the group <70 years. Its role in susceptibility to SARS-
CoV2 infection is unknown, but it is worrying that it could
facilitate the development of severe infection. An exagger-
ated inflammatory response could worsen the prognosis of
the disease [24]. Therefore, immunosuppression could be a
double-edged sword [25]; on the one hand, it might reduce
the inflammatory response but at the same time it could
facilitate the persistence of viral replication. Thus, the use
of anti-inflammatory or immunomodulatory drugs should be
considered together with specific antiviral drugs.

In this study, we proposed various prognostic factors
associated with mortality which are easy to obtain in rou-
tine practice everywhere, such as low oxygen saturation or
elevated CRP. Along with the aforementioned clinical data,
we provided a score that may have clinical applicability to
identify patients with a graded prognosis, useful in most
all environments. Thus, for those patients who present high
scores (above 14 points) the risk of death is close to 75%.
With this tool, we provide an online mortality risk calculator
(https://www.hopeprojectmd.com/en/tool).

In a preliminary evaluation of the association of treat-
ment effects on mortality through a PSM, we found that
hydroxychloroquine was associated with a reduction in the
risk of death. Together with the biological plausibility of
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the effect of hydroxychloroquine through its antiviral [26],
immunomodulatory effect [27] and preliminary results of
its clinical benefit [28], our data support its use until the
existence of definitive data is available in severe cases. In
contrast, we have not identified with this same analysis a sig-
nificant benefit of antivirals, in most cases lopinavit/ritona-
vir, according to published clinical trials with this drug [29].

Limitations

We need to consider the constraints of a study of this design.
Some incident events in the participating centers may not
have been diagnosed and/or not been reported. The events
incidence calculation is not precise since the recruitment
was performed in participating centers without any other
sampling procedure than the broad inclusion criteria (hos-
pital discharge) and would vary depending on the patient”s,
hospital, country or local pandemic curve. Finally, the data
analysis and modeling focused on only two countries (Italy
and Spain) of the four initially considered, since as previ-
ously mentioned heterogeneity among countries with regard
to clinical features and death-risk assessment could limit the
representative nature of the sampling.

Regarding the clinical management applied, it was
decided at all times by the attending medical team. While
these observations give us with an overall idea of the treat-
ment of the disease in a precise time and in specific coun-
tries, they do not provide information that is as robust as a
clinical trial would do.

On the basis of the disease assessed in this paper, we can
only generate hypotheses regarding therapeutics; neverthe-
less, HOPE present interim analysis probably reveals a real-
istic depiction of the results and the contemporary real-life
prognosis of patients who are admitted with COVID-19 in
Italy and Spain.

Conclusions

COVID-19 produces important mortality, mostly in patients
with comorbidities and respiratory symptoms. Some simple
clinical and analytically broadly available features were able
to predict most of the observed deaths in the present cohort.
Hydroxychloroquine could be associated with survival bene-
fit, but this data need to be confirmed with prospective trials.
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