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a b s t r a c t 

Background: The heterogeneity of patients with COVID-19 may explain the wide variation of mortality rate due 

to the population characteristics, presence of comorbidities and clinical manifestations. 

Methods: In this study, we analyzed 5342 patients’ recordings and selected a cohort of 177 hospitalized patients 

with a poor prognosis at an early stage. We assessed during 6 months their symptomatology, coexisting health 

conditions, clinical measures and health assistance related to mortality. Multiple Cox proportional hazards models 

were built to identify the associated factors with mortality risk. 

Results: We observed that cough and kidney failure triplicate the mortality risk and both bilirubin levels and 

oncologic condition are shown as the most associated with the demise, increasing in four and ten times the 

risk, respectively. Other clinical characteristics such as fever, diabetes mellitus, breathing frequency, neutrophil- 

lymphocyte ratio, oxygen saturation, and troponin levels, were also related to mortality risk of in-hospital death. 

Conclusions: The present study shows that some symptomatology, comorbidities and clinical measures could be 

the target of prevention tools to improve survival rates. 
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. Introduction 

Since the outbreak of coronavirus disease (COVID-19)

egan in December 2019, more than 149 million people

ave developed SARS-CoV-2 infection, and more than 3

illion have died worldwide. In Spain, by mid-2021 up to

.5 million cases were reported causing more than 77,000

eaths [1] . 

There are several studies describing the clinical charac-

eristics and outcomes of hospitalized patients with SARS-

oV-2. The heterogeneity of patients treated in China [2] ,
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taly [3] , UK [4] , USA [5–7] or Spain [8–10] may explain

he wide variation of mortality rate due to the popula-

ion characteristics, presence of comorbidities and clini-

al manifestations. 

The first confirmed case of COVID-19 in Valencia,

pain, was reported on February 19, 2020. The Consor-

io Hospital General Universitario de Valencia (CHGUV),

hat assists approximately 364,000 patients, was des-

gnated as a COVID-19 center and described an in-

ection rate with a heterogeneous distribution during

he following 6 months. In this study, we analyze the
pril 2022 
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i  
ymptomatology, coexisting health conditions, clinical

easures and health assistance, in a selected cohort of

atients with a poor prognosis at an early stage in hos-

italized patients from Valencia during this period and

ssess the clinical characteristics associated with mortal-

ty. 

. Materials and Methods 

.1 Study population 

This observational prospective study was conducted

t the Consorcio Hospital General Universitario of Va-

encia (CHGUV), an academic public hospital that serves

he largest area in the city, consisting of approximately

64,000 patients. The study was approved by the insti-

utional review board, and the requirement for informed

onsent was waived. All consecutive patients who were

ested for COVID-19 were included from February 19 to

ugust 31, 2020. A total of 5342 patients were treated

uring this period and 177 COVID-19 positive adults con-

rmed by PCR, admitted to the hospital due to clinical

omplications, with a World Health Organization ordinal

cale 4 (oxygen by masque or nasal prongs) or 5 (noninva-

ive ventilation or high-flow oxygen) [11] , and followed

p until recovery or death, were selected. We adhered to

he Strengthening the Reporting of Observational Studies

n Epidemiology (STROBE) guidelines [12] . 

.2 Data collection 

Data collected included patient demographics (res-

dence, biological sex, and age, in years); treatment

eason (symptomatology, contact or other, categorized

s yes/no); the recorded symptomatology during the

bservation period (yes, no) such as fever, asthenia,

ltered consciousness, headache, myalgia, arthralgia,

czema, nasal congestion, anosmia, sore throat, dysp-

ea, cough, expectoration, pleuritic pain, hemoptysis,

iarrhea, and nausea; intensive care admission (yes,

o); presence of smoking habit (current, former or no

moker) and pregnancy (yes, no); comorbidities (yes,

o) such as hypertension, cardiovascular disease, dia-

etes mellitus, obesity, chronic obstructive pulmonary

isease, asthma, oncological process, immunosuppres-

ion, stroke, kidney and liver failure, and deep vein or pul-

onary thrombosis; as well as laboratory tests and clin-

cal characteristics, including mean arterial blood pres-

ure (mmHg), cardiac frequency (beats/minute), oxygen

aturation (%), breathing frequency (breaths/minute),

ymphocytes (units/μL), neutrophil lymphocyte ratio,

latelets (units/μL), D-dimer (ng/mL), activated par-

ial thromboplastin time (seconds), international normal-

zed ratio, fibrinogen (mg/dL), bilirubin (mg/dL), lactic
82 
cid dehydrogenase (units/L), ferritin (ng/mL), creati-

ine (mg/dL), and troponin (ng/L). Outcomes observed

ere the length of stay until recovery or death. Clini-

al examinations included chest radiography if necessary

unilobar, multilobar, clean or not performed). 

.3 Statistical analyses 

Basic descriptive statistics were calculated for each col-

ected covariate. Death in the whole sample was catego-

ized (death status: yes, no) to run survival analyses as

ime-dependent response variable. Demographic informa-

ion, symptomatology, intensive care admission, smoking

abit, pregnancy, comorbidities, and radiography results

ere considered as predictive covariates. Kaplan–Meier

urvival curves were estimated to compare the survival

uring the observation period, overall, and stratified for

ex and age range (20–50 years ( n = 25); 51–60 years

 n = 22); 61–70 years ( n = 31); 71–80 years ( n = 47);

nd ≥ 81 years ( n = 52)). Simple Cox proportional haz-

rds models were used to control sex and age as con-

ounders, considering each covariate as predictive vari-

ble, with and without sex and age adjustment (Table S1).

ultiple Cox proportional hazards models were built to

dentify the associated covariates with mortality risk. All

ultiple models were adjusted for sex and age. Each mul-

iple model was built following three steps: 1) Obtaining

 first multiple basal model by using all the symptomatol-

gy covariates previously associated with a p -value < 0.2

n the simple analyses. Following a backward elimination

rocedure, all the symptomatology covariates associated

ith the mortality risk at a p -value level < 0.1 in the like-

ihood ratio test were retained in the model; 2) comor-

idities were added to this clinical symptomatology basal

odel individually and those with a p -value < 0.2 were

andidates to enter in the model. Following a backward

limination procedure, all these comorbidities candidate

ovariates associated with the mortality risk at a p -value

evel < 0.1 were retained in the model; 3) The same pro-

edure was repeated on the clinical symptomatology and

omorbidities basal model using clinical covariates in or-

er to obtain the final multiple model. Statistical analysis

as carried out using R statistical software version 3.5.1

13] . Kaplan–Meier curves were plotted and Cox regres-

ions built by using the survival R package [13] . The final

ultiple model was validated by means of proportional

azards assumption testing based on weighted residuals

14] by using the cox.zph function. Influential outliers

ere assessed observing beta deviations with ggcoxdiag-

ostics function of survminer package [15] . Nonlinearity

as evaluated plotting the Martingale residuals and nat-

ral cubic splines with one or two internal knots were

ompared through Akaike (AIC) scores. Then, the lowest

IC nonlinear model and linear model were compared us-

ng graphical examination and the Likelihood Ratio test.
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ignificance level < 0.05 was considered in all tests, al-

hough marginally significant effects ( p -value < 0.1) were

lso considered. 

. Results 

Descriptive statistics of the study variables are dis-

layed in Table 1 . From all the Hospital COVID-19 pa-

ients ( n = 5342), 177 were selected (3.3%). A total of

2 patients (27.4%) died in a time period (mean ± SD)

f 18 (33.7) days. These non-survivors were 78.5 ± 11.1

ears old, significantly older than survivors (66.3 ± 15.9

ears, Wilcoxon test p -value < 0.001). Differences regard-

ng sex were not observed (Log-Rank test p -value = 0.400)

ut higher mortality risk was observed with increasing

ge ( p = 0.009) (Supplemental Fig. S1). Almost 35% of

atients who died were admitted in the intensive care

nit during the observation period. Main symptomatol-

gy recorded among non-survivors was asthenia (Fisher’s

est p -value = 0.022), altered consciousness ( p < 0.001),

czema ( p = 0.082), and dyspnea ( p = 0.001). Some co-

xisting conditions were associated with mortality, such

s cardiovascular disease ( p = 0.019), diabetes mellitus

 p = 0.011), oncologic process ( p = 0.030), stroke ( p =
.007), and kidney failure ( p = 0.001). Clinical variables

elated to non-survivors were lower mean arterial blood

ressure (Wilcoxon test p -value = 0.084), oxygen satura-

ion ( p < 0.001), and lymphocytes count ( p = 0.011), as

ell as higher breathing frequency ( p = 0.005), d -dimer

 p = 0.011), activated partial thromboplastin time p =
0.056), neutrophil lymphocyte and international normal-

zed ratios, bilirubin, lactic acid dehydrogenase and tro-

onin ( p < 0.001), ferritin ( p = 0.071), and creatinine ( p

 0.003). Performed thoracic X-rays showed multilobar

utcome more frequently among non-survivors. 

Simple Cox proportional hazards models, considering

ach covariate as predictive variable, did not indicate dif-

erences between models with and without sex and age

djustment (Supplemental Table S1). Multiple Cox pro-

ortional hazards model showed higher mortality risk

ith increasing age (hazards ratio HR [95% confidence

n terval] = 1.06 [1.02–1.11]), the intensive care ad-

ission 5.27 [2.35–11.81], the presence of cough (2.61

1.10–6.21], diabetes mellitus (1.73 [0.92–3.25], and on-

ologic condition (10.13 [4.06–25.24], as well as higher

reathing frequency (1.06 [1.02–1.10], neutrophil lym-

hocyte ratio (1.01 [1.00–1.02], and troponin levels (1.00

1.00–1.01]). Inverse relationships were found with fever

0.32 [0.16–0.66]) and marginally with oxygen satura-

ion (0.97 [0.94–1.00]) ( Fig. 1 ). The multiple Cox pro-

ortional hazards model passed the proportional hazards

ssumption (weighted least-squares test for the global

odel p -value = 0.197) (Supplemental Fig. S2). Compar-

ng the magnitudes of the largest beta values to the regres-

ion coefficients suggested that none of the observations
83 
ere influential individually (Supplemental Fig. S3). Lin-

ar model fitted better than nonlinear multiple Cox pro-

ortional hazards model (AIC = 408.31 and 418.79, re-

pectively) and any variable showed associations in non-

inear terms (results not shown). Kaplan–Meier curves

tratifying by each significant covariate are shown in Sup-

lemental Figures S4 to S17 (continuous covariates were

ategorized as binary by median cut-off). 

. Discussion 

The COVID-19 pandemic outbreak is an ongoing cri-

is that is causing global uncertainty. This pandemic has

ecome a health threat to the general population and

ealthcare workers worldwide, with uncertainty about

ew strains and its new unknown epidemiological fac-

ors. Given the high rate of transmission of the infection

mong humans, it is important to recognize the basis of its

athogenicity, mortality, and related clinical characteris-

ics, which can lead to the discovery of effective treat-

ents and prevention tools. 

In this Spanish cohort study, we assessed the relation-

hip between the symptomatology, coexisting health con-

itions, clinical measures and health assistance, and mor-

ality risk in a screening sample from COVID-19 positive

dults with oxygen by masque, nasal prongs, noninvasive

entilation or high-flow oxygen, and followed until recov-

ry (70.6%) or death (29.4%). Factors such as age and

ome clinical characteristics seem to play a role in this re-

ationship. Overall, multiple model showed that patients

ho presented cough, specific comorbidities like diabetes

ellitus, kidney failure and an oncologic process, as well

s higher breathing frequency, neutrophil lymphocyte ra-

io and troponin levels, were related to an increased risk

f in-hospital death. However, fever and oxygen satura-

ion were associated with lower mortality risk. A rele-

ant fact that has been elucidated in our results is the

ncreased morbimortality detected in COVID-19 positive

atients with chronic kidney disease almost tripled the

ortality in our sample [16] . Perhaps creatinine could be

 marker indicating the degree of severity of COVID-19

npatients or perhaps it could be due to a possible direct

nvolvement of the kidney by this coronavirus [17] . Until

ow, some authors have also established increased mor-

ality in patients admitted for COVID-19 and those who

eveloped acute kidney injury during the hospital stay

18] . 

The clinical characteristics of COVID-19 occur across

 broad spectrum, ranging from asymptomatic infection

o severe respiratory failure [ 19 , 20 ]. The main symp-

oms include fever, cough, myalgia, and dyspnea [ 19 , 20 ].

eadache, diarrhea, fatigue, sore throat, anosmia, ageu-

ia, chest pain, hemoptysis, sputum production, rhinor-

hea, nausea, vomiting, skin rash, impaired conscious-

ess, and seizure have been also observed [19–21] , but
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Table 1 

Descriptive statistics of study population screening. 

Targeted testing Population screening 

All patients All persons Survivors Non-survivors p -value ∗ 

Sample size (n) 5342 177 125 52 

SARS-CoV-2 PCR positivity (% negative) 20.6 0 0 0 

Sex (% male) 46 56.5 54.4 61.5 0.410 

Age (mean ± SD years) 45.3 (22.5) 69.9 (15.7) 66.3 (15.9) 78.5 (11.1) < 0.001 

Death (% yes) 3.7 29.4 

Days from positivity until death (mean ± SD days) 41.2 (47.2) 18.0 (33.7) 

Treatment reason (%) 

Symptomatology 84.0 84.0 90.4 0.590 

Contact 12.0 12.0 7.7 

Other 4.0 4.0 1.9 

Intensive care unit admission (% yes) 17.5 10.4 34.6 < 0.001 

Symptomatology (% yes) 

Fever 75.7 80.0 65.4 0.054 

Asthenia 68.4 63.2 80.8 0.022 

Altered consciousness 22.6 13.6 44.2 < 0.001 

Headache 33.3 31.2 38.5 0.384 

Myalgia / Arthralgia 41.2 40.0 44.2 0.619 

Eczema 9.0 6.4 15.4 0.082 

Nasal congestion 26.6 23.2 34.6 0.136 

Anosmia 27.7 26.4 30.8 0.583 

Sore throat 26.0 26.4 25.0 0.999 

Dyspnea 53.7 45.6 73.1 0.001 

Cough 73.4 70.4 80.8 0.192 

Expectoration 27.1 24.0 34.6 0.193 

Pleuritic pain 17.5 18.4 15.4 0.828 

Hemoptysis 11.3 9.6 15.4 0.301 

Diarrhea / Nausea 32.2 32.0 32.7 0.999 

Coexisting conditions (% yes) 

Current smoker 10.2 8.0 15.4 0.999 

Former smoker 23.7 24.8 21.2 0.999 

Hypertension 52.0 48.0 61.5 0.137 

Cardiovascular disease 29.4 24.0 42.3 0.019 

Diabetes mellitus 29.9 24.0 44.2 0.011 

Obesity 22.0 19.2 28.8 0.168 

Chronic obstructive pulmonary disease 14.7 12.8 19.2 0.351 

Asthma 6.8 7.2 5.8 0.999 

Oncologic condition 10.7 7.2 19.2 0.030 

Immunosuppressed condition 8.5 6.4 13.5 0.143 

Stroke 30.5 24.0 46.2 0.007 

Kidney failure 11.9 6.4 25.0 0.001 

Liver failure 2.3 2.4 1.9 0.999 

Pregnancy 0.6 0.0 1.9 0.294 

Deep vein / Pulmonary thrombosis 2.3 2.4 1.9 0.999 

Clinical variables (mean ± SD) 

Mean arterial blood pressure (mm Hg) 94.5 (15.6) 95.8 (14.1) 91.3 (18.5) 0.084 

Cardiac frequency (beats/minute) 87.3 (18.4) 86.6 (17.4) 90.3 (20.6) 0.194 

Oxygen saturation (%) 91.1 (10.3) 93.1 (9.6) 86.0 (10.1) < 0.001 

Breathing frequency (breaths/minute) 22.4 (8.8) 20.9 (7.3) 26.0 (10.9) 0.005 

Lymphocytes (units/μL) 1141.8 (1224.0) 1167.2 (1084.6) 1080.8 (1518.0) 0.011 

Neutrophil lymphocyte ratio 8.6 (15.0) 5.8 (5.7) 15.3 (25.3) < 0.001 

Platelets (units/μL) 185,374.8 (83,337.2) 188,405.1 (83,825.2) 178,090.4 (82,500.4) 0.558 

D-dimer (ng/mL) 864.3 (1093.0) 726.5 (851.3) 1195.5 (1484.1) 0.011 

Activated partial thromboplastin time (seconds) 30.2 (8.6) 29.1 (6.7) 32.9 (11.6) 0.056 

International Normalized Ratio 1.4 (1.7) 1.1 (0.2) 1.99 (2.99) < 0.001 

Fibrinogen (mg/dL) 589.3 (85.9) 574.0 (86.8) 626.0 (72.3) < 0.001 

Bilirubin (mg/dL) 0.8 (0.4) 0.7 (0.3) 0.9 (0.5) < 0.001 

Lactic acid dehydrogenase (units/L) 557.7 (255.7) 510.7 (211.9) 670.6 (313.2) < 0.001 

Ferritin (ng/mL) 669.3 (559.9) 596.0 (456.0) 845.3 (729.0) 0.071 

Creatinine (mg/dL) 1.0 (0.8) 0.9 (0.4) 1.4 (1.2) 0.003 

Troponin (ng/L) 38.4 (100.3) 18.5 (47.6) 86.3 (160.9) < 0.001 

Thoracic X-rays (% yes) 

Unilobar 35.6 44.0 15.4 < 0.001 

Multilobar 40.7 36.0 51.9 

Clean 19.8 19.2 21.2 

Not performed 4.0 0.8 11.5 

∗ Fisher’s Exact Test for Count Data; Wilcoxon rank sum test with continuity correction for continuous data. 

84 
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Fig. 1. Forest plot of estimated effects of symptomatology, coexisting health conditions, clinical measures and health assistance on mortality risk, in the multiple 

Cox proportional hazards model ( n = 177). 
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a  
ost severe are usually older patients showing dyspnea,

espiratory frequency ≥ 30/min, blood oxygen saturation

 93%, some comorbidities (hypertension, diabetes mel-

itus, and cardiovascular disease), and abnormal chest

maging findings [ 22 , 23 ]. The fact that the variable dis-

rientation was statistically significant in our results, may

e due in part to the fact that the most severe patients

ad increased breathing effort associated with hypox-

mia. This circumstance in turn corresponds to hypercap-

ia, which is a known contributing factor to disorienta-

ion and impairment of baseline neurological status. 

Previous research about the clinical characteristics in

emised COVID-19 patients is inconclusive. This fact may

e explained by the heterogeneous affected population,

ealth assistance systems and different virus strains co-

xisting in time. According to a meta-analysis carried

ut in 2401 deceased patients [24] , common symptoms

n non-survivors included fever (70.6%–100%), dyspnea

38.89%–85.7%), cough (22.4%–78%), fatigue (22%–

1.9%), and relevant comorbidities such as hyperten-

ion, chronic cardiovascular disease, diabetes mellitus,

nd chronic cerebrovascular disease. Compared with the

urviving COVID-19 patients, the deceased had lower

latelet levels and higher C-reactive protein and lac-
85 
ate dehydrogenase at admission, which have not been

hown significant in the multiple model of the present

tudy. These results are supported by another wide meta-

nalysis performed in 34 studies with 5057 patients [25] .

owever, this second study also observed lymphopenia

mong dead patients (50.1%, 95% CI 38.0%–62.4%),

hich has been shown to be associated with mortality in

ur study. 

On the other hand, other studies performed in COVID-

9 non-survivors do show other coincident results with

he present study. From a large Chinese study carried out

n 1099 patients with laboratory-confirmed COVID-19, 67

ied with fever and cough as the most common symptoms

nd lymphocytopenia was shown in 83.2% of them [19] .

ymphocytes decrease has been shown as the common

linical factor associated to an increased mortality risk in

ther studies [ 9 , 26–28 ]. Several studies have found that

obacco smoke is a protective factor and that it influences

he clinical course of patients affected by COVID-19 by de-

reasing the severity of the manifestations [29–31] . How-

ver, in our sample, we didn’t find any relevant role for

obacco smoke and clinical severity. 

To date, three large Spanish studies have been found

ssessing the associated factors with mortality risk. One
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f them reported the first 1255 adult cases in Madrid and

lso carried out multiple Cox models, observing some sim-

lar results regarding older age (HR 1.07, 95% CI 1.06–

.09), diabetes mellitus (HR 1.45, 95% CI 1.09–1.92),

nd lymphocytopenia (HR 1.62, 95% CI 1.20–2.20) [9] .

he second one was also performed in Madrid in 1,828

atients during the same period with a fatality rate of

4.6%, although no associated factors to survival were as-

essed [10] . A third observational multicenter study de-

cribed clinical characteristics of very old patients ( ≥ 80

ears old) in 150 Spanish hospitals (2772 patients), ob-

erving similar associations between higher mortality risk

nd diabetes mellitus (25.6% of cases), oxygen satura-

ion ( < 90%), unilateral-bilateral infiltrates on chest x-

ays, neutrophils ( ≥ 7.5 × 10 

3 /μL), and lymphocytes

 < 0.8 × 10 

3 /μL). However, higher fever was related to

n increased mortality risk by using logistic regressions

28] . 

Lymphocytopenia has been one of the most common

linical characteristic associated with COVID-19 patient’s

ortality across studies. An explanation for the relation-

hip between the virus and the lower lymphocytes levels

as been proposed by means of immune responses activa-

ion, which may overproduce proinflammatory cytokines,

ausing uncontrolled inflammatory responses in patients

ith severe COVID-19. This condition may lead to lym-

hopenia and lymphocyte dysfunction [32] . Among co-

orbidities, diabetes mellitus has been shown to be reit-

rative. Patients with severe COVID-19 and diabetes mel-

itus have the lowest lymphocyte counts compared with

hose with severe COVID-19 without Diabetes Mellitus,

nd those with non-severe COVID-19 with or without di-

betes mellitus. Partially decreased lymphocyte subsets,

ge and diabetes mellitus were closely related to disease

rogression and prognosis [33] , since diabetes mellitus

ould lead to dysfunctional cellular immunity [34] . 

In conclusion, we assessed the relationship between

ymptomatology, coexisting health conditions, clinical

easures and health assistance, with mortality risk in se-

ere COVID-19 patients. We observed that cough and kid-

ey failure triplicate the mortality risk and both biliru-

in levels and oncologic condition are shown as the most

ssociated with the demise, increasing in four and ten

imes the risk, respectively. Other clinical characteris-

ics such as fever, diabetes mellitus, breathing frequency,

eutrophil-lymphocyte ratio, oxygen saturation and tro-

onin levels, were also related to mortality risk of in-

ospital death. The present study shows that some symp-

omatology, comorbidities and clinical measures could be

he target of prevention tools to improve survival rates. 
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