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	 The search for reliable biomarkers to predict the severity and outcomes of COVID-19 
remains critical. Aim: to evaluate the diagnostic and prognostic value of LDH in patients with 
COVID-19. A retrospective cohort study was conducted on 2184 confirmed COVID-19 patients 
from hospitals in Makkah, Saudi Arabia. Demographic, clinical, and laboratory data, including 
LDH levels, were collected.  Statistical analyses were performed using SPSS. The overall recovery 
rate was 96.4%, with a 3.6% mortality rate.  Mean LDH levels were significantly higher in severe 
cases (399.8 ± 80.60 U/L) compared to non-severe cases (272.9 ± 72.4 U/L) and in deceased 
patients (488 ± 77 U/L) compared to survivors (250 ± 45 U/L) (p < 0.001). LDH levels were also 
significantly elevated in COVID-19 patients versus controls. ROC curve analysis demonstrated 
that LDH could discriminate between COVID-19 patients. Furthermore, LDH showed significant 
positive correlations with CRP, D-dimer, and ferritin. So Elevated LDH is strongly associated 
with COVID-19 severity and mortality.

Keywords: COVID-19; Disease Severity; Lactate Dehydrogenase (LDH); Prognostic Biomarker;
Risk Stratification.

	 Severe Acute Respiratory Syndrome 
(SARS) SARS-CoV-2 is the causative agent of 
coronavirus disease 2019 (COVID-19). According 
to a WHO epidemiological report, the COVID-19 
pandemic expanded quickly, claimed many lives, 
and affected numerous nations.1 A new coronavirus 
known as SARS coronavirus (SARS-CoV) evolved 
from SARS coronaviruses found in bats (SARSr-
CoVs).2 The SARS pandemic began when the 
merged virus infected civets and then humans.3,4 

Bats likely introduced the Middle East respiratory 
syndrome coronavirus (MERS-CoV) to dromedary 
camels thirty years ago.5

	 Despite widespread awareness, the 
exact manifestation of severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2)-caused 
coronavirus illness 2019 (COVID-19) cannot be 
predicted for any one person. The symptoms of 
symptomatic COVID-19 can range greatly, from 
a cough and mild temperature (>37.5°C) to acute 
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respiratory distress syndrome (ARDS) and even 
death. The disease also has an erratic course. 
This unpredictability has prompted a desperate 
hunt for disease severity biomarkers to treat 
patients effectively and avoid life-threatening 
consequences. Cytokine storm, or enormous 
inflammatory activation in response to infection, 
is a common inflammatory pathophysiology 
shared by severe COVID-19 and other important 
disorders. Furthermore, reports of COVID-19 
individuals experiencing multi-organ failure 
(MOF) and organ damage as a result of vasculitis 
are not uncommon.6 As a result, the majority of 
biomarkers examined in COVID-19 patients, 
including interleukin (IL)-6, D-dimer, lymphocyte 
count (LC), neutrophil count (NC), neutrophil\
lymphocyte ratio (NLR), activated partial 
thromboplastin time (aPTT), and prothrombin 
time (PT) are associated with coagulation and the 
immune-inflammatory pathways. Transaminases 
and Lactate dehydrogenase (LDH) are further 
supposed non-specific biomarkers of cellular 
inflammation and damage.7,8

	 Enzyme LDH converts pyruvate to 
lactate as glucose is broken down. Secretion of 
lactate dehydrogenase (LDH) is triggered by 
cell membrane necrosis, which may indicate 
viral infection or lung injury, such as pneumonia 
caused by SARS-CoV-2.9 LDH levels and 
the onset of COVID-19 illness are strongly 
correlated.10According to a study, ICU patients had 
considerably higher levels of LDH than non-ICU 
patients. LDH may be a predictive biomarker of 
severe disease since high levels persisted in ICU 
patients for days after admission. The one-center 
study, however, might be subject to selection bias, 
which might compromise its validity.11 The extent 
of tissue injury and inflammation was found to be 
correlated with rising levels of LDH in a multi-
center study with 1099 patients . Additionally, 
considerably greater LDH levels reflected the 
severity of pneumonia when LDH levels and 
CT scans were connected.12 LDH is becoming a 
more reliable biomarker for assessing the severity 
of COVID-19 infection. Another investigation 
discovered that refractory COVID-19 patients had 
significantly higher LDH levels.12

	 Elevated serum LDH levels reflect 
widespread cellular injury and hypoxia, both 
hallmarks of severe SARS-CoV-2 infection.13,14 In 

COVID-19, LDH elevation is driven by multiple 
pathophysiological mechanisms. First, the direct 
viral cytotoxicity, where SARS-CoV-2 infection 
induces pyroptosis and necrosis in pulmonary, 
cardiac, and renal tissues, releasing LDH into 
circulation.15Additionally, it may be elevated due 
to the mechanism that involves hypoxia-induced 
anaerobic metabolism, as severe pneumonia and 
acute respiratory distress syndrome (ARDS) reduce 
oxygen delivery, shifting cells to glycolysis and 
increasing LDH production. Furthermore, it may 
be elevated due to hyperinflammatory responses, 
where cytokine storms (e.g., IL-6, TNF-a) 
exacerbate tissue damage, further elevating LDH. 
The present study was conducted to evaluate 
the diagnostic and prognostic value of LDH in 
Covid-19 patients. 

Materials and Methods

Study Design
	 This study utilized a retrospective cohort 
design to investigate the demographic, clinical, and 
laboratory biomarkers associated with COVID-19 
severity among patients in various hospitals in 
Makkah, Saudi Arabia. It differentiated between 
severe and non-severe cases, as well as recovery 
versus mortality outcomes, aiming to uncover 
the complex relationships between specific 
biomarkers and patient prognoses. Through 
the comprehensive integration and analysis of 
electronic health records, our approach facilitated 
a deep exploration of the multifactorial influences 
on disease severity and patient survival. By 
focusing on correlations among diverse markers, 
ranging from inflammatory responses to organ 
function indicators, this study aims to enhance 
the accuracy of predicting COVID-19 outcomes. 
Ultimately, it seeks to contribute to more targeted 
and effective patient management strategies, 
spanning from mild to critical cases, with the 
overarching goal of improving recovery rates and 
reducing fatalities. The study was approved by 
Umm al-Qura University’s Faculty of Medicine 
Institutional Review Board (IRB number: HAPO-
02-K012-2022-09-1183) on 23 September 2022.
Participant Selection
	 The study included 2184 confirmed 
COVID-19 patients. Inclusion criteria were aged 
less than 19 years and above, with a confirmed 
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diagnosis of SARS-CoV-2 infection, selected 
based on positive RT-PCR tests. Patients were 
excluded if they had incomplete medical records. 
This selection strategy ensured a diverse participant 
pool, reflecting a wide range of demographic 
backgrounds, comorbidities, and disease severities.
Data Collection 
	 Data was thoroughly collected from 
patients’ electronic health records from different 
hospitals in Makkah Al Mukarromah, KSA, 
including demographic information, medical 
history, clinical symptoms, and laboratory results. 
The laboratory results, including inflammatory 
biomarkers, coagulation factors, liver function, 
kidney function, cardiac function, lipid profile, 
blood glucose level, and electrolyte levels, were 
analyzed to determine their association with disease 
severity and predict prognosis and mortality.
Statistical Analysis
	 Statistical analyses were conducted with 
IBM SPSS Statistics. Categorical factors were 
examined utilizing the chi-square test to evaluate 
connections between demographic features and 
COVID-19 results. Continuous variables were 
assessed using one-way analysis of variance 
(ANOVA) to compare clinical and laboratory data 
among patient groups.
	 Before analysis, the data distribution 
was evaluated for normality utilizing suitable 
techniques (e.g., Shapiro–Wilk test). ANOVA 
was utilized for variables that satisfied normality 
assumptions, followed by post-hoc multiple 
comparison tests (e.g., Tukey’s test) to discern 
intergroup differences.
	 To address potential confounding 
variables, multivariate analysis was performed 
utilizing regression models, controlling for essential 
characteristics such as age and comorbidities. A 
p-value of less than 0.05 was deemed statistically 
significant.
	 This thorough analytical method 
allowed the discovery of independent predictive 
biomarkers, encompassing signs of inflammation 
and organ function, linked to illness severity and 
clinical outcomes. These findings offer significant 
insights into disease development and facilitate 
risk assessment and clinical decision-making for 
patients with COVID-19.
Ethical Considerations
	 The study was conducted with approval 

from the Umm Al-Qura University Ethics 
Committee. Given the retrospective design, all 
data were stored securely, accessible only to the 
research team. Ethical protocol underscored the 
importance of balancing scientific inquiry with 
respect for patient rights and privacy.

Results

Demographics and clinical characteristics
	 In this study, we collected data from a 
total of 2184 individuals who were hospitalized due 
to SARS-CoV-2 infection, which was confirmed 
using RT-PCR. Among the cohort of COVID-19 
patients, 2106 individuals (96.4%) exhibited 
signs of clinical recovery, while 78 individuals 
(3.6%) deceased during their hospitalization. 
The COVID-19 pandemic has highlighted the 
complex relationship between demographics and 
clinical outcomes on a global scale. Age, gender, 
nationality, and blood group are vital determinants 
that affect the varied clinical expressions of SARS-
CoV-2 infection. Moreover, an in-depth analysis 
of additional biomarkers, including inflammatory 
biomarkers, coagulation factors, CBC profile, liver 
function, renal function, cardiac function, lipid 
profile, glucose blood level, electrolyte and mineral 
levels, has revealed associations with both severity 
and mortality in COVID-19 cases.
Demographics of the Patient Population
	 From the total studied population, the 
gender distribution was significantly different, 
with 1482 (67.9%) being male and 702 (32.1%) 
being female (p<0.001), as shown in Table 1. 
Furthermore, the analysis revealed a gender 
disparity within both the survived and deceased 
groups. Males constituted a higher proportion of 
those who survived (68%) compared to females 
(32%), whereas a higher proportion of deceased 
individuals were male (62.8%) compared to 
females (37.2%). However, despite these trends, 
statistical tests indicated that gender did not 
significantly influence survival or mortality rates, 
with p-values exceeding 0.2 for both males and 
females, as illustrated in Table 1.
	 The demographic breakdown further 
detailed the age categories of the individuals. Those 
aged 19 years old or below constituted 1.14% of 
the total cases, with a slight difference between the 
survived rate (1.14%) and deceased (1.30%) cases. 



1500 Mukhtar et al., Biomed. & Pharmacol. J,  Vol. 19(2), 1497-1506 (2026)

Table 1. Demographics of COVID-19 survived and deceased cases among gender 
and age

Demographics	          Total (2184)	               Survived (2106)	            Deceased (78)
	 No.	 %	 No.	 %	 No.	 %

Gender						    
Male	 1482	 67.9	 1433	 68	 49	 62.8
Female	 702	 32.1	 673	 32	 29	 37.2
*P-value	 <0.001	 0.2
Age						    
< 19	 25.0	 1.14	 24	 1.14	 1.0	 1.30
20 - 45	 963	 44.1	 944	 44.8	 19	 24.4
46 - 60	 789	 36.1	 761	 36.1	 28	 35.9
> 60	 570	 26.1	 534	 25.4	 36	 46.2
*P-value	 <0.0001		  <0.001

* Significance P-value: (P<0.05).

Table 2. COVID-19 survived and deceased group, including Comorbid Illnesses

Co-morbidity           	          Total (2184)	             Survived (2106)	            Deceased (78)	*P-value
Illnesses	 No.	 %	 No.	 %	 No.	 %	

Hypertension	 387	 17.7	 355	 16.9	 32	 41.0	 0.0001
Diabetes	 467	 21.4	 434	 20.6	 33	 42.3	 0.001
Asthma	 33	 1.51	 27.0	 1.28	 6.0	 85.7	 0.0001
CKD	 144	 6.59	 142	 6.74	 11	 14.1	 0.182
CVD	 119	 5.45	 110	 5.22	 9.0	 11.5	 0.217
Lung diseases	 36	 1.65	 31.0	 1.47	 5.0	 6.41	 0.240

*Significance P-value: (P<0.05).

The 20- to 45-year age group represented 44.1% of 
the total cases, with a slightly higher recovery rate 
(44.8%) compared to the deceased in this bracket 
(24.4%). Individuals between 46 and 60 years made 
up 36.1% of the cases, with a consistent survival 
rate of 36.1% and a closely matching mortality rate 
of 35.9%. The demographic of individuals aged 
60 and above accounted for 26.1% of the overall 
population. Among them, (25.4%) exhibited 
a recovery rate, while (46.2%) died due to the 
disease. This high mortality rate
	 Among the older age group, suggests a 
notable correlation between age and the severity 
of COVID-19 outcomes in older adults, as seen in 
Table 1.
	 The results  of the current study 
demonstrated that while most individuals recovered 
across all age groups, a significant disparity 
in outcomes is only evident in those aged 19 
years old and below. For patients aged 20 years 

and above, the differences in the percentage 
of recovered versus deceased cases were not 
statistically significant. This suggests that younger 
individuals with COVID-19 have a significantly 
higher probability of recovery compared to older 
individuals. However, the outcomes for older age 
groups do not significantly differ from one another 
based on age alone, as shown in Table 1.
Comorbidity Illnesses
	 Individuals with comorbidities, such 
as hypertension, diabetes, Asthma, CKD, CVD, 
and lung diseases, are at increased risk of severe 
COVID-19 and death. This is because co-morbid 
illnesses can weaken the immune system and make 
it more difficult for the body to fight off the virus. 
Additionally, some co-morbid illnesses can damage 
the lungs and other organs, which can make them 
more vulnerable to COVID-19 infection. Table 
2 indicates that the mortality rate for COVID-19 
infection is markedly elevated in patients with 
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Fig. 1. LDH levels between severed, non-severed 
cases and mortality with deceased compared to 

recovered individuals

Fig. 2. LDH between positive and negative COVID 
patients

Fig. 3. LDH between the deceased and the improved 
patients within the positive group

hypertension (p<0.0001), diabetes (p<0.001), and 
asthma (p<0.0001), in comparison to those who 
recovered. No significant difference in death rate 
was noted between persons with CKD, CVD, or 
lung illnesses and those who recovered (P > 0.05).
CKD: Chronic Kidney Disease,  CVD: 
Cardiovascular Disease
	 Muscle, liver, and heart are among the 
many tissues that contain the enzyme lactate 
dehydrogenase (LDH).  Its release into the 
bloodstream may indicate tissue damage or 
inflammation. Individuals with severe COVID-19 
had significantly higher mean LDH levels (399.8 ± 
80.60 U/L) than those with non-severe cases (272.9 

± 72.4 U/L; p < 0.001), suggesting greater tissue 
damage or inflammation associated with disease 
severity. This association extended to mortality, 
with deceased individuals exhibiting significantly 
elevated LDH levels (488 ± 77 U/L) compared to 
recovered individuals (250 ± 45 U/L), p < 0.001, 
as shown in fig.1
	 COVID-19 patients presented with 
significantly higher mean LDH levels (328.1 
±137.60 U/L) compared to negative cases (248.9 
± 81.4 U/L), p < 0.001 fig.2
	 COVID-19 patients who deceased 
presented with significantly higher mean LDH 
levels (416.8 ±279.1 U/L) compared to improved 
patients (324.9 ± 129.1 U/L), p < 0.001 within 
COVID-19 positive groups, Fig. 3
	 Patients infected with COVID-19 had 
considerably higher blood levels of LDH-5 as 
compared to Creatine Kinase (CK), with a mean 
value of 328.1 U/L and 278.6 U/L (P < 0.001).
Association between LDH-1 and LDH-
2 isoenzymes with heart enzymes among 
COVID-19 Infection
	 LDH-1 (4H) and LDH-2 (3H1M) are the 
primary isoenzymes found in the heart muscle. 
Elevated levels of LDH-1 and LDH-2 in the blood 
can be indicative of heart damage. The serum 
levels of LDH-1 and LDH-2 were significantly and 
substantially increased in patients with COVID-19 
compared with those of Creatine Kinase (CK) and 
creatine kinase MB (CK-MB), with mean values of 
328.1 U/L, 278.6 U/L, and 28.3 U/L, respectively 
(P < 0.001).
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Fig. 4. Diagnostic performance of serum LDH for COVID-19 patients. 

	 Correlation of LDH with CRP, D-Dimer, 
and Ferritin in COVID-19 patients, the LDH 
isoenzymes studied showed a significant positive 
correlation with CRP (r = 0.130; P < .001), fig.5a, 
ferritin (r = 0.152; P < .001) fig.5b, and D-Dimer 
(r = 0.016; P < .001) fig.5c. 
	 To determine if serum LDH levels could 
distinguish between COVID-19-positive and 
-negative samples, the ROC curve was analyzed. 
You can see the AUC in Figure 6. A statistically 
significant AUC of 0.765 and a P-value of less than 
0.001 were shown by the data analysis of the ROC 
curve. The sensitivity was found to be 86.6% and 
the specificity to be 49.4% when a cutoff value of 
LDH equal to 241 U/mL was used.

Discussion

	 This study provides a comprehensive 
analysis of the multifaceted impact of COVID-19, 
examining demographic factors, comorbidities, 
laboratory markers, and other factors related to 
disease outcomes. A detailed examination of 
hospitalized COVID-19 patients reveals critical 
insights into how demographic variables, such 
as age and gender, and laboratory parameters 
influence disease prognosis and severity. Key 
findings highlight the high recovery rate among 

patients, gender, and age-related disparities in 
outcomes. Additionally, the study delves into the 
prognostic value of laboratory markers, with a 
focus on Lactate dehydrogenase as a diagnostic 
and prognostic biomarker in COVID-19 patients. 
Lactate dehydrogenase (LDH), a cytoplasmic 
enzyme critical for anaerobic glycolysis, has 
emerged as a robust biomarker for predicting 
disease severity and mortality in COVID-19 
patients. 
	 In the present study, a significant increase 
in LDH levels in cases of COVID-19 compared to 
normal controls was observed, as shown in Figure 
2. Moreover, LDH presented a stronger biomarker 
for both COVID-19 severity and mortality. 
Individuals with severe COVID-19 showed 
significantly elevated LDH levels compared 
to non-severe cases, with deceased patients 
exhibiting notably higher LDH levels compared 
to those who recovered, as shown in Figure 1. 
This pattern underlines LDH’s potential as a 
predictive marker for both the severity of infection 
and mortality risk among COVID-19 patients. 
Our findings align with existing literature, where 
elevated CK and LDH levels have been noted for 
their associations with COVID-19 outcomes. For 
instance, research by Johnson, Harris.16 on CK 
levels among different COVID-19 severity groups 
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Fig. 5. Correlation of LDH with CRP, D-Dimer, and Ferritin in COVID-19 patients

support our observations regarding the enzyme’s 
elevated levels in severe cases. In parallel, the 
work by Grivas, Khaki.17  on LDH as an indicator 
of tissue damage and its prognostic significance 
in COVID-19 further validates our conclusions 

regarding LDH’s association with both disease 
severity and mortality.
	 Compared to other studied biomarkers 
such as CK, CK-MB, AST, and ALT, the levels of 
LDH showed marked elevation in deceased cases 
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of COVID-19 patients, as shown in Figure 3. This 
may point to the association of this biomarker with 
severity and mortality scenarios of the disease. 
The enzyme’s broad tissue distribution (lungs, 
heart, liver, kidneys) also makes it a nonspecific 
but sensitive indicator of multiorgan involvement, 
common in fatal COVID-19 cases. The present 
study showed that there is a significant correlation 
between LDH levels and CRP, a nonspecific 
indicator of inflammation, D-dimer, and ferritin, 
which was suggested as a strong prognostic marker 
for COVID-19 in previous studies.18, as shown in 
Figure 5. Clinically, LDH levels correlate strongly 
with disease progression, with studies showing 
that patients with LDH levels >350–400 U/L 
have higher risks of ICU admission, mechanical 
ventilation, and mortality.19,20 Meta-analyses reveal 
that elevated LDH is one of the most consistent 
laboratory predictors of poor outcomes, often 
outperforming other biomarkers like CRP or 
D-dimer in multivariate models. For instance, 
Szabolcs Kiss and colleagues in a systematic 
review and meta-analysis found that LDH >500 
U/L was associated with a 6-fold increase in 
mortality risk. 21

	 The data strongly highlights Lactate 
Dehydrogenase (LDH) as the most significantly 
altered biomarker in the context of severe and fatal 
COVID-19. This finding aligns with established 

clinical observations that elevated LDH, an 
indicator of tissue damage and cell death, is a 
robust predictor of disease severity and mortality in 
COVID-19 patients. In contrast, the other enzymes 
show less dramatic or more complex patterns. 
The dead group’s Creatine Kinase (CK) levels are 
shockingly lower than those of the positive and 
negative groups. This finding defies logic and might 
be due to a small sample size effect or a particular 
stage of the disease. Alanine Aminotransferase 
(ALT) and Aspartate Aminotransferase (AST) are 
prevalent indicators of hepatic damage, and remain 
relatively low across all cohorts, with only minor 
elevations in the COVID-positive and deceased 
groups. This suggests that while some degree of 
liver involvement may occur, it is not the primary 
or most pronounced systemic damage reflected 
by these specific biomarkers in this dataset. The 
overall pattern underscores the utility of LDH as 
a critical prognostic tool, differentiating between 
mild/moderate infection and the severe, life-
threatening systemic pathology characteristic of 
fatal COVID-19 cases.
	 While LDH lacks disease specificity, its 
dynamic rise during hospitalization can signal 
worsening clinical status, guiding interventions 
such as oxygen therapy or immunomodulators. 
Future research should explore LDH isoenzymes 
(e.g., LDH-3 for lung injury) to enhance prognostic 

Fig. 6. Diagnostic data of serum levels of LDH using the ROC curve

Variable	 AUC	  SE 	  95% CI 	 Sensitivity	 Specificity	 Cutoff value

LDH	 0.765	 0.0189	 0.731 to 0.797	 86.6	 49.4	 241
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precision. In summary, LDH’s role as a biomarker 
underscores its utility in risk stratification, reflecting 
the interplay of cellular hypoxia, inflammation, and 
organ damage in COVID-19 pathogenesis.
Limitations
	 Notwithstanding the significant findings, 
this study had numerous critical limitations. The 
retrospective methodology naturally includes 
possible selection and information biases, thereby 
compromising the accuracy and completeness of 
the obtained data and constraining causal inference. 
The lack of multivariate analysis is a notable 
methodological restriction, since it hinders the 
identification of independent predictors and the 
control of concurrent effects from many variables. 
Therefore, the documented correlations must be 
regarded with prudence.
	 Insufficient adjustment for potential 
confounding variables, notably age and underlying 
comorbidities, may have affected the reported 
correlations between biomarkers and clinical 
outcomes. The investigation was ultimately 
performed at a single center and within a defined 
demographic, potentially introducing population-
specific bias and constraining the external validity 
and generalizability of the results to other contexts 
or groups.

Conclusion

	 This study confirms that elevated lactate 
dehydrogenase (LDH) is a significant biomarker 
for predicting COVID-19 severity and mortality. 
Patients with severe disease and fatal outcomes 
exhibited markedly higher LDH levels, which 
also correlated strongly with inflammatory 
markers like CRP and ferritin. The enzyme’s rise 
reflects widespread cellular injury and multi-
organ involvement characteristic of advanced 
COVID-19. Therefore, serial monitoring of LDH 
is clinically valuable for risk stratification, early 
identification of high-risk patients, and guiding 
timely medical interventions to improve outcomes 
and reduce mortality.
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