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Abstract

This study aimed to determine whether lactate dehydrogenase (LDH) levels in coronavirus disease (COVID-
19) patients in Korea were higher than those in patients without COVID-19, and the effect of sex and age on 
LDH levels. A retrospective, observational study was conducted to measure LDH levels in 247 and 225 female 
and male COVID-19 patients, respectively, who were admitted to the study hospital between April 1 and 
October 30, 2020. Serum LDH levels were measured using an automated analyzer. Results: LDH levels were 
elevated in both male and female patients with COVID-19. Among patients with COVID-19, LDH levels were 
higher in males than in females, and LDH levels were higher in patients with COVID-19 than in patients in 
the control group. In the analysis of differences in LDH levels by age, LDH levels in patients with COVID-19 
increased statistically significantly with age in males and females (males: p=0.001, females: p=0.001). By 
examining the differences in LDH levels according to sex and age, this study contributed to the basic 
biochemical data available in Korea, particularly regarding patients with COVID-19. Further research may
be needed to examine confounding variables.
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1. INTRODUCTION

Coronavirus disease (COVID-19) is a respiratory infection caused by severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), a virus belonging to the coronavirus family and the Sarbecovirus subgenus of 

Betacoronaviruses [1]. As of November 15, 2022, 631,935,687 COVID-19 cases and 6,558,850 related deaths 

worldwide had been reported to the World Health Organization [2]. In Korea, the first patient was reported on 

January 20, 2020, and by November 15, 2022, a total of 26,290,754 confirmed cases and 29,748 deaths had 

been reported [3]. The highly contagious SARS-CoV-2 Delta variant emerged in early 2021 and spread 

globally [4]. More than 80% of patients with COVID-19 present with a mild form of the disease, approximately

15% require inpatient treatment with oxygen therapy, and 4–5% progress to severe disease requiring 

mechanical ventilation [5]. The increase in confirmed cases of COVID-19 and deaths has created a burden of
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15% require inpatient treatment with oxygen therapy, and 4–5% progress to severe disease requiring 

mechanical ventilation [5]. The increase in confirmed cases of COVID-19 and deaths has created a burden of 

large medical expenses, and has been recognized as a serious public health problem. In hospitalized patients 

with COVID-19, blood tests provide information on the progression, prognosis, and response to treatment [6]. 

Moreover, early identification is important in improving the prognosis of patients with COVID-19 [7].

2. THEORY

Previous studies have evaluated the accuracy and ease of use of lymphocyte counts and lactate 

dehydrogenase (LDH) levels, and the importance of laboratory tests, including interleukin 6, C-reactive protein 

(CRP), D-dimer, and ferritin in evaluating patients with COVID-19 [8]. LDH is a major enzyme in the body 

that catalyzes the reversible oxidation reaction of lactic acid and pyruvic acid. It is distributed in most tissues, 

including the heart, liver, muscles, lungs, kidneys, and blood [9]. LDH is an inflammatory marker and common 

indicator of acute or chronic tissue damage [10]. A meta-analysis suggested the usefulness of LDH in 

identifying COVID-19 [11]. In addition, it was reported that sex was a risk factor contributing to the severity 

of the disease, and that age was a factor that had a significant effect on mortality. However, there is a lack of 

studies examining LDH increases and the differences by age and sex in Koreans with COVID-19. This study 

aimed to examine these differences and understand the related hematological and biochemical characteristics. 

3. EXPERIMENTS

3.1 Methods

This study compared LDH levels according to age and sex in patients with and without COVID-19 admitted 

to xxxxx Hospital, from April 1 to October 30, 2020. A control group was created from patients who underwent 

medical checkups at xxxxx University Hospital. This study was approved by the Clinical Research Review 

Committee of xxxxx University (Institutional Review Board xxx, 2020-12-010). 

3.2 Lactate Dehydrogenase Test

Serum LDH levels of patients with COVID-19 were measured using an automated analyzer (TBA-2000FR, 

Canon Medical Systems Corporation, Japan). LDH levels were evaluated by the diagnostic testing department 

at the xxxxx Hospital according to standard blood-testing procedures.

3.3 Statistical Analysis

Categorical data were reported as frequencies and percentages. Analyses of LDH levels according to sex 

and age were performed using independent sample t-tests and one-way ANOVA. All statistical analyses were 

conducted using SPSS ver.19.0 (IBM Corp, Armonk, NY, USA), and statistical significance was defined as 

p<0.05.

4. RESULTS

4.1 Characteristics of Patients with COVID-19 and Controls

From April to October 2020, a total of 472 patients with COVID-19 (247 females and 225 males) were 
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admitted to xxxxx Hospital. The average age of the women and men was 64.6 years and 60.2 years, respectively. 

Additionally, a total of 120 femmale and male patients without COVID-19 (47 females and 73 males) were 

included in the control group, with an average age of 49.8 years and 52.0 years, respectively (Table 1).

Table 1. Characteristics of Patients with COVID-19 and Control Patients

Variable Patients with COVID-19

(N=472)

n (%)

Control patients

(N=120)

n (%)

Sex

Male 225 (47.7) 73 (60.8)

Female 247 (52.3) 47 (39.2)

Age (years)

0–29 35 (7.4) 6 (5.0)

30–59 139 (29.4) 80 (66.7)

≥60 298 (63.1) 34 (28.3)

4.2 Differences in Lactate Dehydrogenase Levels According to Sex

The overall mean LDH level of patients with COVID-19 patients was 502.5 ± 212.5 IU/L and was 

significantly higher in male patients than in female patients (p=0.006). In the control group, the mean LDH 

level was 198.6 ± 34.6 IU/L and was similarly higher in male patients than in female patients, although the 

difference was not statistically significant (p=0.104). Moreover, the LDH levels were higher in patients with 

COVID-19 than in patients in the control group (Table 2).

Table 2. Lactate Levels (IU/L) of Patients with COVID-19 and Control Patients

According to Sex

All patients Female patients Male patients P

Normal controls (n=120) 198.6 ± 34.6 192.6 ± 27.8 202.5 ± 38.0 0.104

COVID-19b patients 

(n=472)

502.5 ± 212.5 484.8 ± 186.8 521.9 ± 236.3 0.006

Values are presented as mean ± standard deviation.

4.3 Differences in Lactate Dehydrogenase Levels According to Age

Participants were classified into three age groups: 0–29 years, 30–59 years, and ≥60 years. LDH levels by 

age are shown in Table 3. In the control group, no statistically significant differences were noted between the 

LDH levels according to the age group (p=0.140). However, LDH levels differed significantly by age in 

patients with COVID-19 (p=0.001). In addition, although the LDH levels did not differ significantly by age in 

the control group, they increased with age in female patients (p=0.202), but decreased with age in male patients 

(p=0.198). In contrast, LDH levels increased significantly with age in both male and female patients with 

COVID-19 (male: p=0.001, female: p=0.001) (Table 3).
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Table 3. LDH Llevels (IU/L) of Patients with COVID-19 and Control Patients According to Age

0–29 years 30–59 years ≥60 years P

Normal controls 

(n=120)

All patients 185.3 ± 15.1 199.4 ± 37.8 198.9 ± 28.7 0.140

Female patients 179.8 ± 7.5 190.6 ± 28.7 205.1 ± 28.4 0.202

Male patients 213.0 204.9 ± 41.7 196.8 ± 38.0 0.198

COVID-19 patients 

(n=472)

All patients 405.9 ± 25.6 452.3 ± 11.7 537.2 ± 13.8 0.001

Female patients 386.6 ± 118.9 445.7 ± 140.2 511.1 ± 204.5 0.001

Male patients 425.3 ± 171.0 454.0 ± 141.3 587.7 ± 335.0 0.001

Values are presented as mean ± standard deviation.

5. DISCUSSION

In this study, the LDH level of COVID-19 patients was significantly higher in males than in females. These 

results were similar to the findings of a clinical study on COVID-19 pneumonia conducted in 2020 in Wuhan, 

China [12]. Increased LDH levels in COVID-19 patients may indicate necrosis or lung damage, which 

increases the likelihood of developing pneumonia as a complication of COVID-19 [13]. High LDH levels have 

been reported to be significantly higher in patients who die than in patients who survive, and have also been 

associated with poor prognosis and need for ICU treatment [11]. In addition, males may be at a greater risk 

than females of developing critical disease or suffering from fatal conditions, which may have a significant 

impact on their prognoses, particularly in patients with comorbidities such as high blood pressure, diabetes 

mellitus, and cardiovascular disease [14]. In addition, the level of serum LDH by sex may be used as an index 

to rapidly assess the severity of COVID-19 [15]. In males, higher LDH levels may indicate a higher 

susceptibility to COVID-19 than in females, and LDH may be useful as an indicator of disease severity in 

males [12]. Although this study did not compare disease severity by sex, our results confirmed that among 

patients with COVID-19, males had higher LDH levels than females, and patients with COVID-19 had higher 

LDH levels than patients in the control group.

In the analysis of differences in LDH levels by age, the LDH levels of COVID-19 patients increased 

statistically significantly with age in both males and females. In contrast, in the control group, the LDH levels 

increased with age in female patients and decreased with age in male patients. In patients with COVID-19, the 

risk of death increases sharply with age, with 116 deaths per 1,000 individuals in patients aged ≥75 years [16]. 

On the other hand, another study found that age was not an independent risk factor for disease severity [15]. 

Due to these discrepancies, cumulative research results are needed.

This study had several limitations. First, controlling for confounding variables, such as the underlying 

disease of the patients in the control group and comorbidities in patients with COVID-19, was not possible, 

which may have affected our ability to determine the differences in LDH levels according to sex and age. 

Second, the exact mechanism for elevated LDH levels in patients with COVID-19 was not identified. Lastly, 

as this was a retrospective study, its analysis contained a limited number of previously obtained results. 

Nonetheless, the finding that LDH levels were higher in patients with COVID-19 than in non-infected 

individuals is useful.
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6. CONCLUSION

LDH levels were high in both males and female patients with COVID-19, and showed a more marked 

increase with age in male patients than in female patients. In addition to previous studies, the results of this 

study suggest that LDH test values should be confirmed in COVID-19 diagnosis and progress confirmation 

for domestic patients.

Further studies are needed to determine LDH levels controlling for confounding variables, such as 

underlying diseases, and to compare LDH levels according to smoking status, chronic disease status, and 

clinical symptoms of patients with COVID-19 in Korea.

Blood test results of COVID-19 positive inpatients provide information on treatment progress, prognosis, 

and response. By confirming the difference in LDH levels between Korean COVID-19 patients and non-

infected patients according to gender and age, it contributed to the accumulation of basic hematological and 

biochemical data in Korea.
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