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Abstract

BACKGROUND

The epidemiological and clinical characteristics of COVID-19 patients have been widely
reported, but the assessment of dose-response relationships and risk factors for

mortality and severe cases and clinical outcomes remain unclear.

AIM
To determine the dose-response relationship between risk factors and incidence of

COVID-19.

METHODS

In this retrospective, multicenter cohort study, we included patients with confirmed
COVID-19 infection who had been discharged or had died byFebruary 6, 2020. We used
multivariable logistic regression and Cox proportional hazard models to determine the

dose-response relationship between risk factors and incidence of COVID-19.

RESULTS
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It clarified that increasing risk of in-hospital death were associated with older age
(HR:1.04, 95%CI:1.01-1.09), higher lactate dehydrogenase [HR:1.04, 95% confidence
interval (CI):1.01-1.10], C-reactive protein (HR:1.10, 95%CI:1.01-1.23), and procalcitonin
(natural log-transformed HR:1.88, 95%CI:1.22-2.88), and D-dimer greater than 1pg/mL
at admission (natural log transformed HR: 1.63, 95%CI: 1.03-2.58) by multivariable
regression. D-dimer and procalcitonin were logarithmicallycorrelated with COVID-19
mortality risk, while there was a linear dose-response correlation between age, lactate

dehydrogenase, D-dimer and procalcitonin, independent of established risk factors.

CONCLUSION
Higher lactate dehydrogenase, D-dimer, and procalcitonin levels were independently

associated with a dose-response increased risk of COVID-19 mortality.
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Core Tip: This study showed that older age, higher lactate dehydrogenase and
creatinine, and elevated procalcitonin and D-dimer at admission were risk factors forthe
mortality from coronavirus disease 2019 (COVID-19). These findings suggested that
higher lactate dehydrogenase, D-dimer and procalcitonin levels were independently

associated with a dose-response increased risk of COVID-19 incidence.

INTRODUCTION

In December 2019, many cases of unknown viral pneumonia were reported(ll. A novel

coronavirus, capable of infecting humans, was detected in January 2020 23] and the
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disease caused was termed coronavirus disease 2019 (COVID-19) by WHORL As of
March 19, 2020, > 200000 laboratory-confirmed cases had been documented globally!!4-
7. With the increasing awareness of COVID-19 pneumonia, a variety of diagnostic
protocols and guidelines have evolved to guide clinical practice [1.55-10],

Many patients in some case series which had been published, were hospitalized at
the time of reporting. Studies in patients who were not discharged may have
misclassified outcomes due to patients developing severe disease or dying during
subsequent hospitalization. Consequently,It might be inaccurate and unreliable
toestimateof risk factors for severe illness and death in these early case series.
Furthermore, although several large studies have reported risk factors for mortality and
severe disease in COVID-19 patients, studies that systematically explored the potential
associations were limited. Thus, the association of risk factors with COVID-19 outcomes
remained unknown.

Therefore, we detail all laboratory-confirmed COVID-19 patients admitted to two
designated hospitals as of February 2020, along with clear clinical outcomes (death or
discharge).The purpose of this study was to investigate risk factors for death in hospital

and to clarify hospitalization characteristics of COVID-19 patients.

MATERIALS AND METHODS

This retrospective cohort study included two cohorts of adult inpatients (=20 years old)
from two designated hospitals. All patients who were diagnosed with COVID-19
according to the WHO interim guideline were screenedl2], and those who died or were
discharged by February 6, 2020 were included in the study. We extracted demographic,
clinical, laboratory, treatment, and outcome data from the hospital electronic medical
records using a standardized data collection form modified from the version of the
WHO/ International Severe Acute Respiratory and Emerging Infection Consortium. The
primary endpoint was in-hospital death occurring beyond 24 h but within 28 d and
composite severe cases referred to the admission to intensive care unit, intubation, or

death during hospitalization. Patients, who had normalized temperature for over 3
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days, relief of clinical symptoms, substantial improvement in the imaging of both lungs
and throat-swab samples negative twice for at least 24h apart, were allowed to be
discharged. All data were collected by two physicians, double-checked independently,
and verified by a third researcher. The computed tomography (CT) demonstrations
were described according to the internationally standard nomenclature defined by the
Fleischner Society and peer-reviewed literature on viral pneumonia, using the terms
including ground glass opacity (GGO), crazy-paving pattern, and consolidation['112l. A
semi-quantitative scoring system was used to quantitatively estimate the pulmonary
involvement of all these abnormalities on the basis of the area involved!'3l.

The total CT score was the sum of the individual lobar scores and ranged from 0
(no involvement) to 25 (maximum involvement). The distribution of lung abnormalities
was recorded as predominantly subpleural (involving mainly the peripheral one-third
of the lungs), random (without predilection for subpleural or central regions), or diffuse
(continuous involvement without respect to lung segments)[141,

This study was approved by the Ethics of Committees of Zhongnan Hospital of
Wuhan University, and in accordance with the Helsinki Declaration. Written informed
consent was obtained from all patients before examination. The anonymous data was

collected and analyzed to optimize clinical decision and treatment.

Statistical analysis

Continuous and categorical variables were presented as median and # (%), respectively.
We used the Mann-Whitney U test, y? test, or Fisher's exact test to compare differences
between survivors and non-survivors where appropriate. To explore the risk factors
associated with in-hospital death, multivariable logistic regression models and the Cox
proportional hazards model was used to determine the independent factors, which
were based on the variables selected by a univariate analysis. To generate the Receiver
operating characteristic (ROC) curves, patients were classified as survivor or non-
survivors and CT total score of different stages excluded patients who were lost to

follow-up.
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We comparedpatients’ characteristics between the two hospitals and used a
generalized linear model to adjust for possible differences in patients” characteristics
and treatment between the two study centers. Statistical tests and Pvalues were two-
sided. Differences were considered significant with a value of P< 0.05. All statistical
analyses were carried out using the SAS software (version 9.4), unless otherwise
indicated. We assessed potential dose-response associations of incident COVID-19
mortality and severe cases risk by restricted cubic splines logistic and Cox regression
using 3 knots at 25%, 50th, and 75t percentiles of the corresponding risk factors with the

median value of the above risk factors as the reference grouplisl.

RESULTS
Patients
The basic characteristics of the patients are shown in Table 1. Medical workers
accounted for 5.8%(19/85), and those who had a history of contact with wildlife
accounted for 1.2%. The median incubation period was 6 d (interquartile range, 2-15 d).
The median age was 45 years (interquartile range, 34-61 years). Female accounted for
57.8%. 77.5% of patients had fever on admission and 85.5% had fever during
hospitalization. The second most common symptoms were cough (63.7%) and fatigue
(48.0%), but nausea or vomiting (7.7%) and difficulty breathing (4.6%) were uncommon.
In the total population, 21.2 % have at least one co-existing condition (e.g., hypertension
and diabetes).

At admission, the severity of COVID-19 was classified as not severe 265 cases and
severe 60 cases.Patients with severe disease had a median age of 16 years older than
those without severe disease, and any comorbidities were more common (66.7%

vs26.4%), but exposure histories were similar.

Laboratory findings
On admission, lymphocytopenia, thrombocytopenia and leukopenia were present in

61.8%, 19.4% and 28.6%, respectively. Most patients (69.5%) had increased C-reactive
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protein (CRP) levels. Laboratory abnormalities, including lymphocytopenia and
leukopenia, were more pronounced in critically ill patients than in non-critically ill

patients (Table 2).

Radiologic findings

All patients underwent computed tomographyscans at the time of admission, and
97.8% revealed abnormal results. The most common patterns on chest CT were GGO
(61.1%) and bilateral patchy shadowing (84.7%). No CT abnormality was found in seven
of 308 (2.2%) patiena who survived and in none of 17 patients who died. GGO, crazy-
paving pattern and consolidation were the most frequent CT findings in mild COVID-
19 pneumonia (Supplementary Figurel). Most patients (279/325), the total CT score
increased about 10 d after the onset of symptoms, and then gradually decreased (Table
3, Supplementary Figure2). There were statistically significant differences between the
bilateral lower lobe CT scores at stage 1 and the corresponding upper/middle lobe CT
scores (left lower lobe vs left upper lobe: 1+ 1 vs 0 £ 1, P <0.001, P =0.004) (Table 3).
According to the degree of lung involvementand the quartile of patients 0-26 days after
onset, there were six stages starting from the onset of symptoms (Table 4,
Supplementary Figure 3). Overall, subpleural lesions were more common than changes
in central lung disease.Bilateral lung involvemenﬁcurred in most patients during the
course of the disease (Supplementary Figure 4). ROC curve analysis showed that the
area under the curve (AUC) of stage 5 disease was higher than either of stage, and the

combined AUC for stages 2 and 5 was highest among all stages (Figure 1).

Risk factors, dose-response relationship and ROC analysis

After univariate analysis, patients with diabetes or hypertension had a higher chance of
death in hospital (Tables 1 and 2). Age, sex, leukocytosis, and elevated glucose level,
lactate dehydrogenase (LDH), high-sensitivity C-reactive protein (CRP), D-dimer (DD),
total cholesterol, triglyceride, creatinine, and procalcitonin (PCT) were associated with

death or severe illness.
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Older age [hazard ratio R):l.04, 95% confidence interval (CI):1.01-1.09], higher
LDH (HR:1.04, 95% 95%CIL:1.01-1.10), higher CRP (HR:1.10, 95%CI:1.01-1.23), and
elevated PCT (log, transformed HR:1.88, 95%CI:1.22-2.88), and DD> 1pg/mL at
admission (logn transformed HR: 1.63, 95%CI: 1.03-2.58) were associated with increasing
odds of in-hospital death (Table 5). Furthermore, DD and PCT were log-linearly
correlated with COVID-19 mortality risk, while there were linear dosexesponse
correlations between age, LDH, DD and PCT. In particular, It was evident that the dose-
response association of LDH and PCT occurred in severe patients (all P for overall
association <0. 05). The dose-response relationship between LDH and PCT was more
obvious in severe patients in the meantime (all P for interaction< 0. 05) (Figure 2, Tables
5 and 6).

ROC curve analysis indicated that the combined AUC for age, sex, high-sensitivity
CRP, DD, LDH and PCT (0.947) was higher than that of any one of these variables alone
(Figure 1). These results show that combination of age, sex, high-sensitivity CRP, DD,

LDH and PCT was more precise in predicting clinical outcome than single factors alone.

DISCUSSION
Consistent with most studies [1.216], e found that the clinical features of COVID-19
were similar to those of SARS.Fever, cough, gastrointestinal symptoms were rarel!7].
Lymphocytopenia was common, a finding that was consistent with two recent
reports(l16l. We found that the fﬁllil’y rate (5.2%) was lower than recently reported [1.16].
This may be due to differences in sample size and case inclusion criteria. Our findings
were higher than the national official statistics, which showed a mortality rate of 3.9%
among 81003 cases of COVID-19 as of March 13, 2020.

In this study, patients underwent multiple lung CT scans (23 times), providing
reliable dynamic radiographic pattern data.During the first 2 weeks, the number and
severity of abnormal lesions on chest CT increased. Subsequently, there was a short

plateau phase and a gradual decrease in abnormalities. There were six stages of lung

involvement in patients who have recovered from COVID-19, which could be more
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accurately evaluate the time course of lung changes, compared with the previous 4
stagesl18l. Combined profiling of stages 2 and 5provides a more precise clinical outcome
prediction than conventional stages 14 classificationl'®], suggesting a novel valuable
prognosti&indicator for COVID-19 patients after antiviral therapy.

Our retrospective cohort study demonstrated several risk factors for death in
patients who were hospitalized with COVID-19. Particularly, older age, LDH>285U/L,
creatinine >111ng/mL, PCT> 0.05ng/mL, and DD > 1pg/mL on admission were
associated with higher odds of in-hospital death. Previously, older age, DD> 1pg/mL
and sequential organ failure assessment (SOFA) score (including creatinine level) have
been reported as important independent predictors of mortality in COVID-1914], which
is in accordance with our current study. The most plausible explanation included an
age-dependent defect in T-cell and B-cell fupction and excess type 2 cytokines, which
predispose to ischemia and thrombosis, potentially leading to poor outcomel*1%-
2] SOFA score is a good diagnostic marker for renal function, and reflects the state and
degree of multiorgan dysfunction(202]. In the current study, higher PCT and LDH levels
were independently associated with prognosis of COVID-19. Additionally, we found
that most patients had lower white blood cell count, and no bacterial pathogens were
detected. Viral infections is one of the cause of sepsis syndrome,despite that bacterial
infections are used to be the primary cause of sepsis, PCT, as an inflammatory indicator,
could better stratify the degree of infection. The level of LDH is importa'lt in assessing
the risk of cardiac and liver dysfunction, which has great significance for both patient
isolation decision-making and guidance around the length of antiviral treatment.
Effective antiviral therapy may improve the outcome of COVID-19 in spite of that we
did not observe aéeduction in viral shedding time after antiviral therapy in the current
study. However, further research is needed to investigate the pathogenesis of sepsis in
COVID-19.

We showed that CT stage is a powerful indicator in the evaluation of COVID-19
prognosis. We characterized specific factors-prognostic factors model (PFM), age, high-

sensitivity CRP, DD, LDH and PCT as a valuable independent prognostic tool of
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COVID-19 from CT stage.Predictive value of PFM was comparable to that of CT stage.
Thus, these results consistently point to the notion that high PFM and CT stage are
pivotal factors in evaluating COVID-19, but further research is needed to investigate the
prognostic value.

However, no published works were found about the dose-response relationship
between mortality and severe illness in adult patients with COVID-19. In recent studies,
the relationship of prognostic factors with risk of COVID-19 incidence has not been
reported. Of note, we found that higher LDH, DD and PCT levels were independently
associated with a dose-response increased mortality risk in patients with COVID-19.
Notably, the dose-response relationship between LDH and PCT levels and incidence of
COVID-19 was seen in survivors and patients with severe illness. To our knowledge,
this is the first study to demonstrate that the higher risk of COVID-19 incidence
associated with LDH and PCT levels provides evidence of the dose-response
relationship. Several potential mechanisms might explain the association between LDH,
DD and PCT levels and COVID-1914192022]  Although the underlying
pathophysiological mechanisms are unclear, it is possible that the presence of COVID-

risk factors could cover up the effect of LDH, DD and PCT on the risk of COVID-19
among high-risk persons and leave the pernicious effects prominent in relatively
healthy adults. Further studies should be performed, which is the key for the
development of specific inhibitors targeting COVID-19.

There are some limitations to our study.First, contact histories and laboratory
testing records for some cases were incomplete.Second, we could only estimate the
incubation period in patients who have recorded information.Uncertainty about the
exact date (recall bias) might have inevitably influenced our assessment.Third, since our
study did not include patients with mild illness who did not seek medical attention, the
case fatality rate would likely have been lower in real-world situations. Meanwhile,
during the beginning of the pandemic, we a little about COVID-19, so the treatment
regimens have been improving. Also, due to limited medical resources, older patients

and patients with serious symptoms may have been preferentially admitted, and this
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may have resulted in bias. Fourth, data generation was clinically driven and not
systemag. Lastly, this was a retrospective study.

To our knowledge, this is the largest retrospective cohort study of COVID-19
patients who have experienced clear results and systematically explored almost all
potential risk factors associated with mortality and severe illness. Six stages of lung
involvement could be more accurately defined to evaluate the prognosis of COVID-19.
The combination of PFM and six stages could provide the rationale for testing novel
coronavirus management to improve outcoes. We found that older age, higher LDH
and creatinine, and elevated PCT and DD at admission were risk factors for death of
patients with COVID-19. These findings suggested that higher LDH, DD and PCT levels

were independently associated with increased risk of COVID-19 incidence.

CONCLUSION

Higher LDH, DD and PCT levels were independently associated with a dose-response

increased risk of COVID-19 mortality.

ARTICLE HIGHLIGHTS

Research background
Dose-response assessments and risk factors for mortality, severe cases and clinical

outcomes for COVID-19 have not been well described.

Research motivation
To screen for dose-response relationships between risk factors and incidence of COVID-

19.

éesearch objectives
To explore risk factors of in-hospital death and describe the clinical course of
symptoms, viral shedding, and temporal changes of laboratory findings during

hospitalization.
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Research methods

This retrospective cohort study igcluded two cohorts of adult inpatients from two
designated hospitals. Multivariate logistic regression and Cox proportional risk models
were used to determine the dose-response relationship between risk factors and the

incidence of COVID-19.

Research results
D-dimer and procalcitonin were log-linear correlated with the risk of death from
COVID-19, while there was a linear dose-response relationship between age, LDH, D-

dimer and procalcitonin, independent of identified risk factors.

Research conclusions o
1
High lactate dehydrogenase, D-dimer and procalcitonin levels were independently
associated with an increased dose-response risk of death from COVID-19.
Research perspectives

This study provides ideas and basis for prospective observation of dose-response

relationships between risk factors and incidence of COVID-19.
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