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Abstract
Background: This meta-analysis outlines the role of elevated lactate dehydrogenase (LDH) levels in 
assessing the severity of coronavirus disease 2019 (COVID-19).
Methods: The current study was designed as a systematic review and meta-analysis. Embase, Pub-
Med, Web of Science, Scopus and Cochrane Central Register of Controlled Trials were searched to iden-
tify the usefulness of LDH as a marker of COVID-19 severity. All extracted data were analyzed using 
RevMan V.5.4 or STATA V.14 software.
Results: A total of 264 records were selected for this meta-analysis. Pooled analysis showed that LDH 
levels were statistically significantly lower in the group of survivors compared to patients who died in 
hospital (standardized mean differences [SMD] = –3.10; 95% confidence interval [CI]: –3.40 to –2.79; 
I2 = 99%; p < 0.001). Lower LDH levels were observed in non-severe groups compared to severe course 
of COVID-19 (SMD = –2.38; 95% CI: –2.61 to –2.14; I2 = 99%; p < 0.001). The level of LDH was 
statistically significantly lower in the severe group compared to the critical group (SMD = –1.48; 95% 
CI: –2.04 to –0.92; I2 = 98%; p < 0.001). Patients who did not require treatment in the intensive care 
unit (ICU) showed significantly lower levels of LDH compared to patients who required treatment in the 
ICU (SMD = –3.78; 95% CI: –4.48 to –3.08; I2 = 100%; p < 0.001).
Conclusions: This meta-analysis showed that elevated LDH was associated with a poor outcome in 
COVID-19. (Cardiol J 2022; 29, 5: 751–758)
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Introduction

The coronavirus disease 2019 (COVID-19) 
pandemic has become a public health threat world-
wide and have caused significant economic prob-
lems in many countries [1, 2]. The severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) 
pathogen and the disease caused by this virus, 
COVID-19, are not yet fully understood. In patients 
infected with SARS-CoV-2, there is a wide variation 
in the symptoms and forms of the disease, which de-
pends on both patient-related factors, infection, and 
the virus itself. The main symptoms of infection with 
the new coronavirus include headache, elevated 
body temperature/fever, fatigue, cough, dyspnea, 
myalgia, and arthralgia [3, 4]. A severe course of 
the disease is observed in some cases, with a high 
risk of death associated with respiratory failure, 
circulatory failure, and multiple organ failure [5, 6].

After active infection with SARS-CoV-2 has 
resolved, up to 10% to as many as 30% of recovered 
patients may suffer from complaints in a symptom 
complex called long COVID-19. SARS-2 coronavirus 
infection also shows the potential to induce a general-
ized inflammatory response, which is directly related 
to the severity of the course of COVID-19 [7–9]. In 
addition to interleukin (IL)-6, whose role in inducing 
generalized inflammation is the most significant [10], 
increased levels of other inflammatory exponents 
were also observed, such as Il-2, Il-7, Il-10, TNF, 
G-CSF, MCP1, MIP1, CXCL10, C-reactive protein, 
ferritin, D-dimer [11–20].

It is critical to rapidly identify factors contrib-
uting to the severity of the disease and indicators 
of a potentially severe course of COVID-19. In 
the clinical context, it has become essential to 
find markers that could predict the severity of 
the course of COVID-19. Determination of such  
a marker would allow early assessment of the 
course of COVID-19 and qualification of the patient 
for appropriate primarily therapeutic management 
[21]. It would also positively impact the monitoring 
of the COVID-19 patient’s condition and extend 
medical supervision to patients who meet the 
criteria for severe COVID-19.

One potential biomarker whose elevated blood 
levels could herald the severity of COVID-19 is 
lactate dehydrogenase (LDH) — an intracellular 
enzyme that plays a role in energy production [22, 
23]. An increased concentration of this enzyme 
in the blood was observed in tissue damage and 
subsequent cell death, hypoxia (in the course of 
respiratory failure), diseases of the hematopoietic 
and lymphatic systems, or inflammation of the 

lungs, pericardium, and pancreas. The highest 
concentrations are found in the heart, lungs, liver, 
and skeletal muscle. In many cases of severe 
COVID-19, an increase in LDH activity was ob-
served, which may be due to cell damage as well 
as impaired blood flow and oxygen delivery.

This meta-analysis outlines the role of el-
evated LDH levels in assessing the severity of 
COVID-19. This analysis was based on recent stud-
ies, including those involving new virus variants, 
and included an extensive group of patients and  
a wide range of publications.

Methods

The present study was designed as a systematic 
review and meta-analysis, performed in accordance 
to Preferred Reporting Items for Systematic Re-
views and Meta-analyses (PRISMA) statement [24].

Data source and retrieval strategy
Two reviewers (B.F. and M.P.) comprehen-

sively searched electronic databases (Embase, 
PubMed, Web of Science, Scopus and Cochrane 
Central Register of Controlled Trials) from their 
inception to April 2022. The following search terms 
were used: “lactate dehydrogenase” OR “LDH” 
AND “COVID-19” OR “SARS-CoV-2” OR “novel 
coronavirus”.

Studies published in English, involving adult 
patients with COVID-19 were included in the study. 
Studies on the pediatric population, illustrative 
studies, meta-analyzes, editorials, also an inability 
to collect complete data or to get the full text were 
excluded.

Data extraction and literature  
quality evaluation

Two researchers (B.F. and M.P.) independently 
conducted literature screening and extraction to 
the inclusion and exclusion criteria. If there were 
different opinions, the matter was discussed and 
resolved through discussion with a third researcher 
(L.S.). Data were collected using a predesigned 
form. For each study, the following information was 
extracted: publication (last name of the first author, 
year of publication), LDH levels in predefined 
groups (survivor vs. non-survivor; non-severe 
vs. severe group; severe vs. critical group; non- 
-intensive care unit [ICU] vs. ICU admission group).

The quality of each article was evaluated by 
the same researchers as above, using a previously  
piloted standardized form and the Newcastle- 
-Ottawa scale [25].
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Statistical analysis
The STATA 14 software (StataCorp LP, College 

Station, USA) and RevMan 5.4 software (Cochrane 
Collaboration, UK) were used for data analysis in 
this meta-analysis. For dichotomous data, odds 
ratios (ORs) were used as the effect measure with 
95% confidence intervals (CIs), and for continuous 
data, standardized mean differences (SMDs) with 
95% CI were applied. When LDH values were 
reported as median and interquartile range, the 
estimated means and standard deviations using 
the formula described by Hozo et al. [26] were 
also utilized. Heterogeneity was assessed with 
the I2 statistic, in which the results ranged from 
0% to 100%. Heterogeneity was interpreted as 
not observed when I2 = 0%, low when I2 = 25%, 
medium when I2 = 50%, and high when I2 = 75% 
[27]. For the meta-analysis, the random-effects 
model was used (assuming a distribution of effects 
across studies) to weight estimates of studies in 
proportion to their significance [28]. P < 0.05 was 
considered statistically significant.

Results

Literature search results
The systematic search identified 3157 poten-

tial articles. As is shown in Figure 1, 294 reports 
met the inclusion criteria, and 30 were excluded for 
insufficient data after full text screening. A total of 

264 records were selected for this meta-analysis. 
The Newcastle Ottawa Scale scores of the 264 
included studies were ≥ 7.

Meta-analysis results
One hundred and thirty studies reported LDH 

levels among survivor and non-survivor groups. 
Pooled analysis showed that LDH levels were 
statistically significantly lower in the group of sur-
vivors compared to patients who died in hospital 
(SMD = –3.10; 95% CI: –3.40 to –2.79; I2 = 99%; 
p < 0.001; Fig. 2). 

One hundred and two studies showed LDH 
levels in non-severe vs. severe COVID-19 patient 
group. Pooled analysis showed lower LDH levels 
in non-severe groups compared to severe course of 
COVID-19 (SMD = –2.38; 95% CI: –2.61 to –2.14; 
I2 = 99%; p < 0.001; Fig. 3). 

Lactate dehydrogenase levels in the severe 
group compared with patients who had a critical 
course of COVID-19 were reported in 15 articles. 
The level of LDH was statistically significantly 
lower in the severe group compared to the criti-
cal group (SMD = –1.48; 95% CI: –2.04 to –0.92;  
I2 = 98%; p < 0.001; Fig. 4). 

Patients who did not require treatment in the 
ICU showed significantly lower levels of LDH 
compared to patients who required treatment in 
the ICU (SMD = –3.78; 95% CI: –4.48 to –3.08;  
I2 = 100%; p < 0.001; Fig. 5). 

Records identied
from databases (n = 3157)

Records removed before screening:
Duplicate records removed

(n = 1985)

Records screened
(n = 1172)

Records sought for retrieval
(n = 294)

Reports not retrieved
(n = 0)

Reports excluded (n = 30):
Review (n = 7)

Without sufcient data (n = 23)

Reports assessed 
for eligibility
(n = 294)

Studies included in review
(n = 264)

Records excluded based on titles
and abstracts screening

 (n = 878)
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Figure 1. Database search and selection of studies according to Preferred Reporting Items for Systematic Reviews 
and Meta-analyses (PRISMA) guidelines.
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Figure 2. Forest plot of lactate dehydrogenase levels among survivors vs. non-survivors COVID-19 groups. The center 
of each square represents the weighted standard mean differences for individual trials, and the corresponding hori-
zonal line stands for a 95% confidence interval (CI). The diamonds represent pooled results; SD — standard deviation.
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Figure 3. Forest plot of lactate dehydrogenase levels among moderate vs. severe COVID-19 groups. The center of 
each square represents the weighted standard mean differences for individual trials, and the corresponding horizonal 
line stands for a 95% confidence interval (CI). The diamonds represent pooled results; SD — standard deviation. 
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Figure 5. Forest plot of lactate dehydrogenase levels among non-intensive care unit (ICU) vs. ICU COVID-19 groups. 
The center of each square represents the weighted standard mean differences for individual trials, and the cor-
responding horizonal line stands for a 95% confidence interval (CI). The diamonds represent pooled results;  
SD — standard deviation. 

Figure 4. Forest plot of lactate dehydrogenase levels among severe vs. critical COVID-19 groups. The center of each 
square represents the weighted standard mean differences for individual trials, and the corresponding horizonal line 
stands for a 95% confidence interval (CI). The diamonds represent pooled results; SD — standard deviation. 
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Discussion

Lactate dehydrogenase plays a vital role in 
biochemical processes; it takes part in the inter-
conversion of pyruvate, the final product of glyco-
lysis to lactate without sufficient oxygen supply 
[29, 30]. Elevated LDH activity indicates a lack 
or deficiency of oxygen in biochemical processes, 
tissue oxygen deficiency, or multi-organ failure 
[31]. Increased LDH activity may be indicative of 
cellular damage, hypoxia or death. It should also 
be considered that elevated LDH activity may be 
associated with other conditions, including those 
associated with cardiac ischemia and pathological 
processes involving the lungs, renal cortex, liver, 
muscle, and red blood cells. Elevated LDH activ-
ity is also found in various malignant neoplasms.

Because of the clinical benefit of early iden-
tification of patients at risk for severe COVID-19, 
identification of markers of severe disease is of 
practical importance [32–33]. Several factors have 
been investigated to predict COVID-19 severity, 
including C-reactive protein, alanine aminotrans-
ferase, D-dimers, ferritin, Il-6, creatine kinase, 
aspartate aminotransferase, among others [34–36]. 
Recently, several studies have been undertaken 
to assess the utility of various markers indica-
tive of severe COVID-19. One of these markers 
is elevated LDH activity. Several studies have 
shown elevated LDH activity in severe COVID-19 
respiratory failure, COVID-19-related lung injury, 
and COVID-19-related multi-organ failure. 

A problem that has been highlighted in studies 
investigating the association between COVID-19 
severity and elevated LDH activity has been the 
small sample size and often retrospective nature 
of the analyses [22]. This meta-analysis addresses 
these methodological issues by including many new 
and extensive studies.

Herein, the usability of blood LDH determi-
nation in patients with COVID-19 was analyzed. 
264 studies were included in a meta-analysis and 
changes in blood LDH concentrations were ob-
served in patients with COVID-19 disease (Suppl. 
material: [S1-S264]). The clinical utility of blood 
LDH assay was then evaluated to differentiate the 
severity of SARS-CoV-2 infection.

This meta-analysis highlights the potential use 
of LDH as a biomarker for early determination of 
COVID-19 severity. LDH is released from cells 
following cell injury and death [37]. Often, this 
process is caused by hypoxia due to the dispropor-
tionate transfer of oxygen to the cells, the cause 
of which is, among others, SARS-CoV-2 infection.

The vast majority of studies evaluated in 
the meta-analysis presented a significant differ-
ence between LDH levels in patients with severe 
COVID-19 compared to patients who did not meet 
the criteria for severe disease. A study by Henry 
et al. [38] demonstrated a 6-fold increased likeli-
hood of severe COVID-19 in patients with elevated 
LDH levels.

In the analyzed studies, elevated blood LDH 
levels were observed in a group of patients with 
severe COVID-19. LDH was a negative predic-
tor of COVID-19 complications and death from 
the disease. The present study estimates that 
elevated blood LDH levels may be a biomarker 
that increases the likelihood of a severe course of 
COVID-19. These meta-analysis results indicate  
a strong relationship between elevated LDH activ-
ity with COVID-19 severity and increased patient 
mortality.

Determining the significance of LDH activity 
in the severity of COVID-19 is of clinical impor-
tance. However, given that many other biochemical 
parameters have been shown to be associated with 
mortality and severity of COVID-19, a multivariate 
analysis including a variety of biochemical param-
eters should be considered, which may further 
correlate with clinical course.

Limitations of the present analysis are due to 
the nature of the studies analyzed and the associ-
ated biases, mainly related to the retrospective 
nature of the analyses. The next step is a multivari-
ate evaluation considering several biochemical pa-
rameters rather than a single biochemical indicator.

Conclusions

This meta-analysis showed that elevated LDH 
was associated with a poor outcome in COVID-19.
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