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Abstract
Background: Decision-making on allocating scarce medical resources is crucial in the context of a strong health system reaction 
to the coronavirus disease 2019 (COVID-19) pandemic. Therefore, understanding the risk factors related to a high mortality rate 
can enable the physicians for a better decision-making process.
Methods: Information was collected regarding clinical, demographic, and epidemiological features of the definite COVID-19 
cases. Through Cox regression and statistical analysis, the risk factors related to mortality were determined. The Kaplan-Meier 
curve was used to estimate survival function and measure the mean length of living time in the patients.
Results: Among about 3000 patients admitted in the Taleghani hospital as outpatients with suspicious signs and symptoms of 
COVID-19 in 2 months, 214 people were confirmed positive for this virus using the polymerase chain reaction (PCR) technique. 
Median time to death was 30 days. In this population, 24.29% of the patients died and 24.76% of them were admitted to the ICU 
(intensive care unit) during hospitalization. The results of Multivariate Cox regression Analysis showed that factors including age 
(HR, 1.031; 95% CI, 1.001–1.062; P value = 0.04), and C-reactive protein (CRP) (HR, 1.007; 95% CI, 1.000–1.015; P value = 0.04) 
could independently predict mortality. Furthermore, the results showed that age above 59 years directly increased mortality rate 
and decreased survival among our study population.
Conclusion: Predictor factors play an important role in decisions on public health policy-making. Our findings suggested that 
advanced age and CRP were independent mortality rate predictors in the admitted patients.
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Introduction
In December 2019, an unknown disease with pulmonary 
manifestations appeared in Wuhan, Hubei province, 
China, which gradually expanded to other countries 
and resulted in a new tragic pandemic. The severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), the 
causative agent of coronavirus disease 2019 (COVID-19), 
as the seventh generation of the human pathogenic family 
of coronaviruses, was finally considered responsible 
for this disease.1,2 This generation of the virus causes 
myalgia, fever, headache, and loss of smell or taste, in 
addition to respiratory problems.3,4 COVID-19 had 
clinical characteristics similar to other respiratory diseases; 
however, this virus seems to be dramatically contagious 
and rapidly spreads from human to human.5,6 According to 
171 reports published by the World Health Organization 

(WHO) in July 2020, the confirmed cases were about 
11 874 226 people worldwide, and the mortality of the 
disease exceeded 545,481deaths globally.7

Although most of the patients manifest mild symptoms, 
COVID-19 may progress to severe disease including 
pulmonary edema, pneumonia, multiple organ failure, 
acute respiratory distress syndrome, and death.8,9 Thus, 
stratifying the patients to receive more efficient treatments 
and preventing final negative outcomes is of paramount 
significance in order to reduce the mortality rate. Up to 
now, many scoring systems of other infectious diseases 
have been evaluated in terms of predicting the prognosis of 
this disease. According to laboratory data, many common 
ratios have been previously used like neutrophil-to- 
lymphocyte ratio (NLR) or a platelet-to-lymphocyte ratio 
(PLR) in the case of other diseases. 
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As we know, few studies have focused on laboratory 
prediction values and their effects on the mortality rate. 
Thus, this study was conducted to analyze the prognostic 
values of some COVID-19 patients based on laboratory 
records in the Taleghani hospital to determine the effects 
of these parameters on final prognosis and predict survival 
outcomes.

Materials and Methods
Patients and Data Collection
This retrospective, single-center work was conducted 
on 214 confirmed COVID-19 patients hospitalized in 
the Taleghani hospital from February 22 to April 20, 
2020. This hospital is a tertiary referral center in Tehran, 
affiliated with the Shahid Beheshti University of Medical 
Sciences, Tehran, Iran. SARS-CoV-2 nucleic acid reverse 
transcriptase-polymerase chain reaction (RT-PCR) was 
used to detect positive patients using samples obtained 
from oropharyngeal sputum or swabs. The required data 
were extracted from the patients’ medical records and 
follow-up records collected by trained researchers. The 
first patients were recruited in our study on February 22 
and the last patients in our study were followed up until 
May 2. The time metric was based on days. Participants’ 
laboratory and demographic data were gathered within 
the first 24 hours of admission in our hospital. Follow-ups 
were done from admission to discharge for the patients to 
control the risk of in-hospital death. The dates related to 
discharge, death, and hospitalization stay were extracted 
from the medical records. Moreover, outcome was defined 
as death or survival for all the patients. 

This project was approved by the local ethics committee 
of Shahid Beheshti University of Medical Sciences. This 
study was performed following the Declaration of Helsinki 
and other applicable guidelines, regulations, and laws.10

Statistical Analysis
Quantitative and categorical data were expressed as median 
(interquartile range [IQR]) and No. (%), respectively. 
Shapiro-Wilk test and Q-Q plot were chosen for testing 
normal distribution of data and Levene’s test was utilized 
for equality of variances. Welch’s t test was used when there 
was no homogeneity in variances.

A comparison was made between the groups of survivors 
and non-survivors using the Independent-Samples t-test; 
when the data were not distributed normally, the Mann-
Whitney U test was applied. For qualitative data, either 
the Chi-Square test or Fisher’s exact test were used when 
appropriate. All of those who participated in the study 
until May 2 were followed-up to assess patients’ survival, 
using the time-to-event technique. In this study, all the 
patients who survived until the end of the study or were 
discharged as censors were considered. The effect of all 
the laboratory data on overall survival was studied by 
Univariate and multivariable Cox proportional hazards 

regression models and proportional hazard assumption 
was examined by Schoenfeld residuals test.

The significant parameters in the univariate Cox 
regression model entered the multivariate Cox regression 
model. The following covariates were used in Cox 
regression: age, sex, oxygen saturation at the time of 
admission, lymphocyte, C-reactive protein (CRP), NLR, 
blood urea nitrogen (BUN), hemoglobin, and systolic and 
diastolic blood pressures. Hazard ratios (HRs) and 95% 
confidence intervals (CIs) were reported, as well. Also, the 
Kaplan-Meier curve was utilized to predict the survival 
function and measure the mean length of living time in 
the patients. A Kaplan-Meier curve by age was also used to 
compare survival between those aged under 59 years and 
those aged above 59 years. 

To analyze the data, a two-sided test was used and a 
P value of less than 0.05 was considered as statistically 
significant. Statistical analyses in our study were conducted 
utilizing the R software, version 4.0.2.

Results
Description of the Study
A total of 3000 outpatients referred to the Taleghani 
hospital with suspicious manifestations of COVID-19. 
Among them, 245 patients with confirmed positive 
findings of RT-PCR for SARS-CoV-2 (PCR test) were 
hospitalized in the Taleghani center, between February 
22 and April 20, 2020. Eventually, only the data of 214 
patients were analyzed and 34 patients were missed. 
Table 1 presents the baseline differences in demographic 
and laboratory data and mortality rate between the two 
groups of surviving and deceased patients. The median age 
of the study population was equal to 59 years; and the 
mean age was equal to 54.69 ± 16.92 years among the 
surviving patients and equal to 68.92 ± 12.16 years among 
the deceased cases. The number of male patients (119; 
55.60%) was higher than females (95; 44.40%) in our 
study population. One hundred and twenty patients had 
at least one comorbidity. The most prevalent comorbidity 
was hypertension (27.10%), followed by cardiovascular 
disease (22.90%) and diabetes (18.69%).

Observation Time and Main Outcomes
Median time to death was 30 days (95% Cl = 7.27–
52.72), varying from 7 to 52 days. Mean date of death 
was day 21 (95% Cl = 18.06–24.57), ranging from 18 
to 24 days (Figure 1). Fifty-five patients (25.70%) were 
admitted to the ICU. Among the ICU admitted cases, 35 
patients (63.63%) died, and 20 patients (36.36%) were 
discharged from the ICU. At the time of censoring, 52 
patients (24.3%) died and 162 patients (75.7%) survived. 
These patients were alive until the end of the follow-up 
duration or were discharged. The deceased cases were 
significantly older compared to the surviving group (Table 
1) (P < 0.001). There were no differences between the 
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surviving and deceased groups in terms of vital signs, 
such as respiratory rate (P = 0.73), heart rate (P = 0.26), 
and temperature (P = 0.41) while oxygen saturation 
was considerably lower in the deceased group (mean ± 
SD = 85.01 ± 10.84) in comparison with the surviving 
group (mean ± SD = 90.79 ± 5.08) (P < 0.001). Among 
laboratory data on admission, hemoglobin (P = 0.01) and 
lymphocyte count (P = 0.001) were significantly lower in 
the deceased patients compared to the surviving patients. 
NLR (P < 0.001) and PLR (P < 0.001) were significantly 
different between these two groups. Mean NLR and PLR 

were equal to 7.72 (3.34–12.35) and 18.65 (8.97–33.71) 
in the deceased patients, respectively. Mean CRP was 
equal to 35.85 (12.50-80.00) and 16.00 (6.00–40.78) 
in the deceased and surviving groups, respectively, which 
was significantly higher in the deceased group (P < 0.001). 
Regarding biochemistry laboratory data, creatinine 
(P < 0.001) and BUN (P < 0.001) were significantly higher 
in the deceased patients compared to the other group. In 
this study, variances were adjusted based on body mass 
index (P value = 0.47), diabetes (P value = 0.30), positive 
history of hypertension (P value = 0.20), ischemic heart 

Table 1. Baseline Characteristics and Laboratory Data of COVID-19 Patients

Parameters
Surviving
(n = 162)

Non-surviving
(n = 52)

P Value

Age 52 (41-65) 69 (60.25-76.5) < 0.001*

Sex 0.97

 Male (%) 90 (55.6) 29 (55.8) —

 Female (%) 72 (44.4) 23 (44.2) —

SBP (mm Hg) 110.5 (120–130) 116 (106.250–131.5) 0.96

DBP (mm Hg) 79.5 (70–80) 70 (61.25–80) 0.95

Heart rate (beats/minute) 85 (80–95) 87 (78.5–95.75) 0.26

Respiratory rate (beats/minute) 18 (17–19) 18 (16–21.5) 0.73

Temperature (°C) 37.40 (37–38.2) 37 (37–37.8) 0.41

O2 saturation at admission (%) 92 (89.25–95) 91 (82–94) < 0.001*

HCT 36.10 (30.92–38.78) 30.99 (24.81–36.00) < 0.001*

Hemoglobin (g/dL) 11.71 (10.11–13.01) 9.51 (7.05–11.51) 0.013*

Platelet (×109 cells/L) 181.00 (143.00–246.00) 181.50 (82.75–294.25) 0.458

WBC (×109 cells/L) 5.40 (3.95–7.70) 5.65 (2.73–9.25) 0.575

Neutrophil (×109 cells/L) 4.00 (2.72–5.60) 5.16 (2.81–7.94) 0.036*

Lymphocyte (×109 cells/L) 1.00 (0.75–1.50) 0.75 (0.30–1.02) 0.002*

NLR 3.56 (2.33–5.67) 8.00 (5.00–12.75) < 0.001*

Platelet to lymphocyte ratio 168.82 (121.05–257.42) 230.05 (140.30–849.58) 0.025*

Aspartate aminotransferase to platelet ratio 0.21 (0.11–0.30) 0.28 (0.12–0.74) 0.047

Monocyte (×109 cells/L) 0.30 (0.21–0.48) 0.30 (0.20–0.50) 0.879

ESR (mm/h) 27.00 (14.50–49.00) 38.00 (19.75–62.75) 0.076

CRP (mg/L) 16.00 (6.00–40.78) 35.85 (12.50–80.00) 0.003*

Na (mmol/L) 139.00 (136.00–141.00) 138.00 (135.00–141.00) 0.286

K (mmol/L) 4.00 (3.90–4.30) 4.10 (3.90–4.68) 0.122

BUN (mg/dL) 15.00 (11.00–21.00) 29.00 (20.00–56.00) < 0.001*

Cr (mg/dL) 1.00 (0.80–1.20) 1.30 (1.00–2.25) < 0.001*

AST (units/L) 35.00 (24.00–50.00) 48.00 (32.50–89.50) 0.001*

ALT (units/L) 34.50 (22.25–51.50) 35.00 (17.00–62.00) 0.353

ALK-P (units/L) 174.00 (126.00–228.00) 235.00 (156.75–379.75) 0.002*

Bilirubin, total (mg/dL) 0.70 (0.50–1.00) 1.00 (0.65–3.00) 0.076

Bilirubin, direct (mg/dL) 0.80 (0.50–2.10) 0.90 (0.60–3.28) 0.037*

PT (s) 13.30 (12.00–14.00) 13.00 (12.00–14.38) 0.447

PTT (s) 34.00 (30.00–37.00) 36.00 (32.50–38.50) 0.015*

INR 1.20 (1.00–1.30) 1.30 (1.10–1.63) < 0.001*

LDH (units/L) 492.50 (409.25–645.75) 679.00 (520.00–960.00) 0.007*

CPK (units/L) 87.50 (58.50–153.75) 101.00 (53.00–203.00) 0.006*

CKMB (IU/L) 20.00 (14.00–24.00) 22.00 (15.00–30.00) 0.001*

Troponin (ng/mL) 0.00 (0.00–0.02) 0.01 (0.00–0.41) 0.008*

PH 7.31 (7.26–7.35) 7.30 (7.17–7.34) 0.263

PaCo2 (kPa) 46.00 (38.48–53.13) 41.30 (33.10–49.78) 0.087

PaO2 (kPa) 35.30 (26.00–45.80) 36.35 (26.53–48.13) 0.725

HCO3 (mmol/L) 23.65 (19.18–26.92) 20.70 (16.15–24.83) 0.016*

SBP, systolic blood pressure; DBP, diastolic blood pressure; HCT, hematocrit; WBC, white blood cells; NLR, neutrophil to lymphocyte ratio; ESR, erythrocyte 
sedimentation rate; CRP, C-reactive protein; AST, Aspartate aminotransferase; BUN, blood urea nitrogen; Cr, creatinine; ALT, alanine aminotransferase; ALK-P, 
alkaline phosphatase level; PTT, Partial thromboplastin time; PT, prothrombin time; INR, international normalized ratio; LDH, Lactate dehydrogenase; CK-MB, 
Creatine kinase-MB; CPK, Creatine phosphokinase.
*P values less than 0.05 has been regarded as significant.
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diseases (P value = 0.17), and renal failure (P value = 0.11). 

Univariate Analysis
An increase in the age of the patients was significantly 
related to the mortality rate (P < 0.001; HR, 1.053; 95% 
CI, 1.033–1.074). Survival rate was reduced in the patients 
older than 59 years (Figure 2). At the time of admission, 
a decrease in the oxygen saturation was significantly 
related to increased mortality rate (P = 0.004; HR, 0.960; 
95% CI, 0.934–0.987). A decrease in hemoglobin (HR, 
0.776; 95% CI, 0.697–0.863; P < 0.001) was significantly 
related to mortality in our population. An increase in 
NLR (P < 0.001; HR, 1.076; 95% CI, 1.035–1.117) 

and a decrease in lymphocyte count (HR, 0.955; 95% 
CI, 0.920–0.991; P = 0.01) could significantly reduce 
survival rate. Furthermore, CRP (HR, 1.008; 95% CI, 
1.004–1.013; P < 0.001) and BUN (HR, 1.022; 95% CI, 
1.014–1.031; P < 0.001) were significantly correlated with 
survival rate.

Multivariate Analysis
The results of multivariate Cox regression analysis for 
age parameter were as follows: P value = 0.04; HR = 1.031 
and 95% CI = 1.001–1.062. In our study population, age 
could be considered as an independent factor of survival 
in the patients infected with COVID-19. Based on the 
Kaplan-Meier survival chart, age above 59 years decreased 
survival rate (Figure 2). The analysis results of CRP were as 
follows: P value = 0.04; HR = 1.007; and 95%CI =1.000–
1.015 (Table 2). According to our results, CRP level was 
an independent predictor for mortality rate in the patients 
infected with COVID-19.

Discussion
The main objective of the present study was determining 
suspected laboratory items as prognostic factors among 
the patients admitted with confirmed COVID-19. Over 
the first and second weeks after the onset of symptoms, 
cytokines initiate an inflammatory response.11 These 
inflammatory reactions are associated with changes in the 
laboratory data and lethal risks. Therefore, the use of these 
predictor items in the early phases of COVID-19 infection 
may increase survival of the patients. Unfortunately, 
inflammatory pathways may not respond correctly in 
old patients. Therefore, old patients are asymptomatic 
or present with no specific manifestations.12,13 However, 
allocation of the diagnostic tests to the old patients, 
even in asymptomatic cases, could help to reduce the 
severity of the disease and mortality rate.14 Based on 
the results of the univariate Cox regression analysis, a 
decrease in oxygen saturation at the time of admission 
and hemoglobin significantly increased mortality rate. 
On the other hand, an increase in NLR and a decrease in 
lymphocyte count could significantly reduce survival rate. 
Furthermore, the Multivariate Cox Regression Analysis 
was utilized to establish a correlation between the factors 
including age and CRP level as independent mortality 
predictors in the hospitalized patients. These predictors, 
which are associated with survival and mortality rates, 
help to make optimal decisions in clinical settings. In the 
current study, age above 59 years decreased the survival 
rate significantly. Different studies have reported advanced 
age as a relevant indicator for predicting the severity of 
infection in COVID-19 patients.15 According to a 
study conducted in Korea, the overall mortality rate was 
reported at 2.36%, whereas this number was increased 
up to 26.6% among the patients aged ≥ 80 years.16 These 
results are consistent with other reports from Europe and 

Figure 1. Kaplan–Meier Curve for Patient Survival in Admitted 
COVID-19 Patients (n = 214).

Figure 2. Survival Reported for the Whole Group and Stratified 
Based on Median Age (< 59 or > 59 years).
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the USA. For instance, in Italy, the mortality rate among 
old patients was determined to be four times higher than 
other patients.17 Furthermore, our results showed CRP as 
another predictor of mortality in the patients infected with 
COVID-19. CRP is categorized as a sensitive acute phase 
reactant. This factor is produced by the hepatic cells and 
can be increased in cardiovascular diseases, infections, and 
inflammatory conditions.18 Contrary to our results, in a 
meta-analysis conducted by Huang et al, although high 
levels of CRP increased the need for ICU care, the role 
of CRP as a survival predictor remained controversial.19 
According to recent studies, unfortunately, there is not a 
definite cut-off point for CRP level that can exactly predict 
mortality in critical COVID-19 patients.20,21 On the other 
hand, due to the low specificity of this factor, we could 
not employ CRP as a diagnostic factor. In a cross-sectional 
study, Gao et al observed that CRP level was higher in 
the group with advanced age.22 So, it seems that CRP 
could predict the severity of the disease and mortality in 
the group with advanced age infected with COVID-19.22 
Although CRP is not considered as a diagnostic factor due 
to its low specificity, it can be effective as a practical factor 
in monitoring the progression of the disease in hospital 
settings. Accordingly, these two predictors, advanced 
age and CRP level, can significantly predict the survival 
rate in critically ill patients. However, there were various 
limitations in the current study including small sample 
size and limited follow-up duration. In addition, we only 
had access to the patients of a single COVID-19 center. 
Thus, further prospective studies are required to conduct 
more comprehensive analysis.

In conclusion, the results of this study suggested that 
biomarkers, such as CRP, can change survival prognosis 
among critically ill patients. Moreover, the risk of mortality 
was significantly increased in the old patients (≥ 59 years). 
Therefore, these survival predictors can be utilized as an 
auxiliary approach in clinical practice to guide treatment 
in critically ill patients. However, to confirm these results, 
larger sample sizes and more studies are required. 
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