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Effect of Biomarkers on Predicting Mortality in COVID-19 Pneumonias:
A Retrospective Clinical Study
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Objective: Coronavirus disease-2019 (COVID-19) remains a significant challenge in emergency services worldwide. This study investigated the
relationship between hematocrit (Htc), hemoglobin (Hb), amylase, lactate, and interleukin 6 (IL-6) levels and hospitalization and mortality in patients
diagnosed with COVID-19.

Materials and Methods: Htc, Hb, amylase, lipase, lactate, and Interleukin 6 (IL-6) levels of patients with a positive COVID-19 polymerase chain
reaction (PCR) test (Bio-speedy® Severe acute respiratory syndrome-Coronavirus-2 Triple Gene Reverse transcription quantitative PCR, Tirkiye) who
presented to the emergency department were analyzed. Hospitalizations and short-term (28 days) mortality were retrospectively examined. The
data were analyzed using SPSS for Windows 20.0. Normality analysis of continuous data was conducted using the Shapiro-Wilk test. Multiple logistic
regression analysis was performed to analyze predictors of mortality and discharge.

Results: Data from 6,627 emergency department patients were examined. The gender (p<0.001), age (p<0.001), Hb (p<0.001), lactate (p<0.001), and
lipase (p<0.001) levels of the hospitalized patients. Increasing age was associated with mortality (p<0.001). In the analysis of biomarkers, a decrease
in Hb and Htc (p<0.001; p=0.038) and an increase in lactate, lipase, amylase, and 1L-6 (p<0.001; p<0.001; p=0.022; p<0.001) were determined to be
associated with mortality. The area under the receiver operating characteristic curve for the mortality model was calculated as 0.724, with specificity
and sensitivity determined as 91.8% and 97.5%, respectively.

Conclusion: Age, amylase, lipase, serum lactate, and interleukin-6 levels, when calculated together, are important predictors of both mortality and
hospitalization in COVID-19 pneumonia.
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ranging from mild upper respiratory tract infections to severe
pneumonia, acute respiratory distress syndrome, and multiple
organ failure, leading to fatalities [3,5].

Introduction

Coronavirus disease-2019 (COVID-19) is an infectious disease
caused by the Severe acute respiratory syndrome-Coronavirus-2

(SARS-CoV-2) virus [1]. Despite a decline in the potency of the
SARS-CoV-2 virus, it continues to be a global health crisis [2,3]. As
of January 2024, the WHO reported over 774 million confirmed
cases and more than seven million deaths worldwide, with a
concurrent increase in hospitalizations [4].

The clinical presentation of patients seeking care in emergency
departments with a COVID-19 diagnosis varies widely,
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Certain biomarkers, including hematocrit (Htc), hemoglobin
(Hb), amylase, lipase, lactate, and interleukin 6 (IL-6), are
used in clinics and intensive care units (ICUs) for diagnosis,
effective treatment, and prognosis assessment of patients with
COVID-19. Proper interpretation of these parameters is essential
for accurate clinical decision-making and successful treatment
[6,7]. A meta-analysis revealed associations between low Hb,
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lymphocyte, platelet, and albumin levels and COVID-19
mortality [8]. Another study explored the prognostic properties
of IL-6, C-reactive protein, and procalcitonin in COVID-19
pneumonia and highlighted IL-6 as a prognostic factor [9].
IL-6, produced in response to infections and tissue damage,
acts as a pleiotropic cytokine that participates in inflammatory
responses [10]. The overproduction of IL-6 can lead to a
cytokine storm, causing severe systemic inflammation, vascular
hyperpermeability, multiple organ failure, and death [11].

Emergency departments remain the primary point of contact
for individuals with symptoms of COVID-19 pneumonia.
Evaluating the prognosis of these patients is vital for
managing the emergency department workload and planning
examinations and treatments appropriately.

This study aimed to investigate the correlation between Htc,
Hb, amylase, lipase, lactate, and IL-6 levels and the severity
of COVID-19 in patients. Notably, there is a gap in the existing
literature because previous studies did not collectively
examine these biomarkers. Establishing the efficacy of these
parameters and advocating for their widespread use in
emergency departments can significantly enhance patient
assessment and treatment. Additionally, our findings aim to
contribute valuable insights into the scientific literature on
COVID-19, serving as a foundation for future research.

Materials and Methods

Data Source

Patients diagnosed with COVID-19 pneumonia who presented
to the emergency department of one of the largest hospitals
in Turkiye between May 01, 2021 and October 30, 2021,
were retrospectively examined. The data were retrieved by
the researchers from the hospital information system and
physician orders.

Patients older than 18 years and those whose data could be
accessed were included in the study. Among patients with
pneumonia according to the ICD code, those whose polymerase
chain reaction (PCR) test result was positive for COVID-19 were
included in the study.

Patients whose data could not be accessed, patients <18
years of age, pregnant women, and those who applied to the
emergency department due to trauma were not included in
the study.

The article was prepared using the STROBE checklist.

Data Collection

Htc, Hb, amylase, lipase, lactate, and IL-6 values of patients with
positive COVID-19 PCR (Bio-speedy® SARS CoV-2 Triple Gene RT-
qPCR, Turkiye) in nasopharyngeal swab samples who presented
to the emergency department with COVID-19 symptoms were
scanned. Whether the patients were discharged from the
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emergency department, were hospitalized (service and ICU), or
had short-term (28-day) mortality was recorded.

Statistical Analysis

The analyses of the study were performed using SPSS for
Windows 20.0. Normality analysis of continuous data was
performed using the Shapiro-Wilk test. Median comparisons
of data that did not show normal distribution were made
using the Mann-Whitney U test. Ratio comparisons of
categorical variables were made using the Pearson’s chi-
square test. Multiple logistic regression analysis was
performed to identify predictors of mortality and discharge.
The regression model was created by excluding factors related
to multicollinearity analysis. In addition, receiver operating
characteristics (ROC) analysis was performed for diagnostic
accuracy, and the area under the curve is presented. The
p<0.05 level was used for statistical significance.

Ethics Statement

This study was approved by the Ankara City Hospital No. 2
Clinical Research Ethics Committee (decision number: E2-21-
987, date: 10.11.2021) and was conducted in accordance with
the Declaration of Helsinki. Because this was an observational
study using an anonymized dataset, the requirement to obtain
informed consent from the participants was waived.

Results

Demographic Data of Patients

A total of 6.975 patients were identified by examining the
hospital’s electronic information system and physician orders.
Among them, 334 (4.8%) were excluded from the study because
they were younger than 18 years. Of the remaining 6.641
(95.2%) patients, 14 were excluded because of a lack of data.
Consequently, analyses were conducted on the remaining
6.627 patients.

Table 1 presents the descriptive information and the results
of the biomarkers of the patients. The median age of the
patients is 58 (range between 18-105 years). Patients were
most frequently male, 50.1% (n=3322). It was determined that
638 (9.6%) of the 6.627 patients died and 4.058 (61.2%) were
alive. The mean+standard deviation, median, and minimum-
maximum values of the biomarkers are presented in Table 1.

Clinic Outcomes

Table 2 presents data on the age, sex, and biomarker levels
of patients with mortality. Increased age was associated with
mortality (p<0.001). When analyzing the biomarkers, decreases
in Hb and Htc (p<0.001; p=0.038); Increase in lactate, lipase,
amylase, IL-6 (p<0.001; p<0.001; p=0.022; p<0.001) were
determined to be associated with mortality.

Table 3 shows the gender (p<0.001), age (p<0.001), Hb
(p<0.001), Htc (p<0.001), lactate (p<0.001), and lipase
(p<0.001) levels of the hospitalized patients. and was
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Table 1. Demographic, outcome, and biomarker analyses

Variables n (%) MeanxSD Median (25-75%) Min.-Max.
Total 6627 (100.00)
Male 3322 (50.10)
Gender
Female 3305 (49.90)
Age (year) 57.80+18.60 \ 58 (44-72) 18-105
. Survival 5989 (90.40)
Mortality
Mortal 638 (9.60)
. Discharge 4058 (61.20)
Discharge T
Hospitalization 2569 (38.80)
Hb 12.70£2.10 12.80 (11.40-14.10) 3.50-19.40
Htc 38.50+6.10 38.80 (34.70-42.50) 2.20-60.90
. Lactate 2.20+1.40 1.84 (1.40-2.53) 0.07-17.88
Blood analysis -
Lipase 57.20+98.10 40.00 (28.10-58.25) 9.0-2332.0
Amylase 78.904+85.20 61.00 (44-87) 5-2032
IL-6 93.30£377.00 20.60 (8.35-56.4) 2.70-7153.20
Hb: Hemoglobin, Htc: Hematocrit, IL-6: Interleukin-6, Min.-Max.: Minimum, Maximum

Table 2. Groups in terms of mortality

Mortality
Variables Survival Non-survivor p
n (%) Median (25-75%) n (%) Median (25-75%)
Male 2979 (89.7) 343 (10.3)
Gender 0.054*
Female 3010 (91.1) 295 (8.9)
Age (year) 57.0 (43.0-71.0) 73.0 (61.0-83.0) <0.007%*
Hb 12.8 (11.40-14.20) 12.4 (10.60-13.90) <0.001**
Htc 38.9 (34.90-42.50) 38.3 (33.20-42.90) 0.038**
Lactate 1.77 (1.37-2.40) 2.22 (1.60-3.10) <0.001**
Lipase 40.7 (29.0-58.35) 35.55 (23.65-58.05) <0.007%*
Amylase 61.0 (44.0-86.0) 64.0 (42.0-108.0) 0.022%*
IL-6 17.3 (7.40-44.70) 54.6 (23.40-167.60) <0.001%*

Hb: Hemoglobin, Htc: Hematocrit, IL-6: Interleukin-6,
*Pearson’s chi-square test, **Mann Whitney-U test

Table 3. Comparison of patients’ hospitalization/discharge status and age, gender and laboratory data

Hospitalization/discharge
Variables Discharge Hospitalization p
n (%) Median (25-75%) n (%) Median (25-75%)
Male 1933 (58.20) 1389 (41.80)
Gender <0.001*
Female 2125 (64.30) 1180 (35.70)
Age (year) 55.0 (40.0-68.0) 65.0 (51.0-77.0) <0.001**
Hb 12.90 (11.60-14.20) 12.5(10.90-14.0) <0.001**
Htc 39.10 (35.30-42.60) 38.3 (33.90-42.40) <0.001**
Lactate 1.740 (1.36-2.36) 1.94 (1.44-2.70) <0.001**
Lipase 41.00 (30.15-58.75) 38.0 (26.0-58.0) <0.001**
Amylase 62.0 (45.0-86.0) 60.0 (42.0-90.0) 0.680%*
IL-6 15.0 (6.8-34.2) 29.40 (10.9-81.55) <0.001**
Hb: Hemoglobin, Htc: Hematocrit, IL-6: Interleukin-6,
*PPearson’s chi-square test, **Mann Whitney-U test
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discharged without being hospitalized (p=0.001), there
was a significant relationship with IL-6 (p<0.001) levels. No
significant relationship was detected with amylase (p=0.680).

Logistic regression analysis for mortality is presented in Table
4. Gender and Hb levels were not found to be significant
predictors of mortality. A relationship was found between
increased age, lactate, amylase, and IL-6 levels, and mortality
(p<0.001; p<0.001; p=0.008; p<0.001).

As a result of logistic regression analysis, age, lactate, amylase,
and IL-6 levels were found to be independent predictors of
mortality. Although the area under the ROC curve of the model
regarding mortality was calculated as 0.724, its specificity was
determined as 91.8% and its sensitivity was determined as
97.5%. The ROC curve of the model is presented in Figure 1.

Table 5 presents the logistic regression analysis for
hospitalization/discharge status. It was determined that age,
lactate, amylase, IL-6 increase, and discharge were significantly
related. There were no significant relationships between the
patients’ hospitalization/discharge status, gender, and Hb
value.
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Figure 1. ROC curve for mortality: Although the area under the ROC
curve of the model regarding mortality was calculated as 0.724, its
specificity was determined as 91.8% and its sensitivity was determined
as 97.5%

ROC: Receiver operating characteristics

Table 4. Logistic regression analysis: model coefficients and mortality

95% Confidence interval
Predictor Estimate p 0dds ratio Lower Upper
Intercept -4.76376 <0.001 0.008 0.003 0.024
Gender 0.099 0.418 1.104 0.868 1.404
Age 0.036 <0.001 1.037 1.029 1.045
Hb 0.021 0.443 1.021 0.967 1.077
Lactate 0.215 <0.001 1.240 1.128 1.364
Amylase 0.002 0.008 1.002 1.000 1.003
IL-6 0.001 <0.001 1.001 1.001 1.002
Hb: Hemoglobin, IL-6: Interleukin-6,
Estimates represent the log odds of “Mortality = Mortal” vs, “Mortality = Survival”

Table 5. Logistic regression analysis-model coefficients-discharge

95% Confidence Interval
Predictor Estimate p 0dds ratio Lower Upper
Intercept -0.458 0.314 0.632 0.259 1.540
Gender -0.187 0.077 0.829 0.674 1.020
Age 0.014 <0.001 1.014 1.008 1.020
Hb -0.040 0.098 0.961 0.916 1.010
Lactate 0.352 <0.001 1.423 1.262 1.610
Amylase 0.002 0.036 1.002 1.000 1.002
IL-6 0.001 0.001 1.001 1.001 1.001

Hb: Hemoglobin, IL-6: Interleukin-6,

Estimates represent the log odds of “Discharge = Admitted” vs. “Discharge = Discharge”
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Figure 2. ROC curve for discharge: The area under the ROC curve of the
discharge model was calculated as 0.650, its specificity was determined
as 14.2% and its sensitivity was 93.5%

ROC: Receiver operating characteristics

In the logistic regression analysis, age, lactate, amylase,
and IL-6 level were found to be independent predictors of
discharge. Although the area under the discharge model’s ROC
curve was calculated as 0.650, its specificity was 14.2%, and its
sensitivity was 93.5%. The model’s ROC curve is presented in
Figure 2.

Discussion

The inflammatory response to the COVID-19 virus is implicated
in developing COVID-19-related complications. An unbalanced
proinflammatory immune response indicates that the disease
can have life-threatening consequences. Accordingly, studies
have reported that high levels of circulating cytokines and
acute phase reactants are associated with poor outcomes in
COVID-19 patients [12].

The most important aspect of our study is the high sample
size. Data from 6.627 patients were examined. Since the
hospital where the study data is provided is one of the largest
central hospitals in Tirkiye, has a high patient capacity,
and is a reference hospital in surrounding cities, it includes
patients of all characteristics (age, gender, chronic diseases,
etc.). Although there was no relationship between patient sex
and a decrease in Hb level and hospitalization/discharge or
mortality, increasing age and an increase in lactate, amylase,
lipase, and IL-6 levels were associated with mortality and
hospitalization. When these biomarkers were examined
together, the specificity for hospitalization was determined as
14.2% the sensitivity as 93.5%, and the specificity for mortality
was determined as 91.8% and the sensitivity was 97.5%. These

results are highly significant for patient outcomes.

Some studies have found the same findings as our study and
did not detect a relationship between gender and mortality
[13]. In our study, no relationship was found between sex
and mortality or hospitalization in patients with COVID-19
pneumonia.

Some studies have shown the opposite, finding that males
have a higher risk of getting COVID-19 [14,15]. In our study,
patient age was associated with mortality and hospitalization.
The median age of patients who died was 73, which was a
statistically significant result. In a study examining the
prognostic features of age, sex, and comorbid diseases in
patients with COVID-19 pneumonia, patients aged >65 years
were more mortal than patients aged <65 years, and men
were more likely to die than women [16].

The decreases in Hb and Htc levels were significant for mortality
and hospitalization/discharge in our study. Likewise, Asghar et
al. [17] conducted their study in 2020. In a retrospective study
in which 364 cases were examined, Hb decrease was found to
be associated with mortality. In their study published in 2023,
Alizad et al. [18] examined disease severity using hematological
parameters and found that low Hb levels were associated with
both mortality and disease severity.

In a study examining amylase and lipase values of 176 COVID-
19-positive patients and 103 COVID-19-negative patients,
the relationship between amylase and lipase increase and
the severity of COVID-19 pneumonia was determined, but
its relationship with mortality was not examined [14]. In our
study, increased amylase and lipase levels were found to be
associated with mortality. However, although lipase elevation
made a significant difference in admission/discharge, amylase
elevation did not make a significant difference.

There are not many studies in the literature examining the
relationship between COVID-19 pneumonia and serum lactate
levels. In one of these studies, the lactate content and mortality
of COVID-19 pneumonia patients hospitalized in the ICU were
examined. The relationship between the increase in lactate
value and mortality was determined [13]. Our study found
that the increase in serum lactate levels were significantly
associated with mortality and hospitalization/discharge status.

Gur Vural et al. [9] found that IL-6 was 53.8% effective in
predicting mortality in patients with COVID-19 pneumonia,
and its specificity was 84.1%. In another study, IL-6, PRC, and
neutrophil-to-lymphocyte ratios were found to be prognostic
for mortality in patients with COVID-19 (sensitivity specificity;
94.9%-93.2%; 76.3%-79.5%; 71.7%-80.3%, respectively) [12].
In a systematic review of 16 articles, a correlation was detected
between elevated IL-6 levels and prolonged COVID-19 [19]. Our
study found that when age, lactate, amylase, and IL-6 were
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considered together, we achieved a specificity of 91.8% and
sensitivity of 97.5%. Combining age, lactate, amylase, and IL-6
levels appeared to be more predictive of both mortality and
hospitalization/discharge.

Study Limitations

Although our study provides valuable information, it is
important to acknowledge its limitations. The major limitation
of this study is its retrospective, single-center design. Limited
to a single center may limit the generalizability of our findings
to larger populations. Additionally, notable limitations include
the lack of a graded severity classification for COVID-19
pneumonia and the exclusion of other potential biomarkers.

Conclusion

In conclusion, calculating age, serum lactate, amylase, lipase,
and IL-6 levels together constitute an important criterion
for both mortality and hospitalization in terms of COVID-19
pneumonia. It is informative for studies in which more
comprehensive biochemical parameters are examined.
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