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Abstract 

Coronavirus disease 2019 (COVID-19) has been proclaimed to be one of the deadliest and most infectiouspandemic of the modern times which is 

caused by the SARS-CoV-2 (severe acute respiratory syndrome corona virus 2). The aim of this study was to establish an association, if any, 
between serum albumin and serum lipoproteins (mainly HDL and LDL) and COVID-19 severity and adverse outcomes. In this study, we 

extracted data from 500 clinically confirmed  and hospitalized COVID-19 patients (>= 18 years of age) between June 2020 to February 2021 at 

the associated hospital of Rajarshi Dashrath Autonomous State Medical College (RDASMC), Ayodhya, Uttar Pradesh, India. The patients were 
divided into two groups- mild to moderate and severe groups according to the Centers for Disease Control and Prevention (CDC). Serum 

albumin, Serum globulin, A/G ratio, high density lipoproteins (HDL) and lowdensity lipoprotein (LDL) concentrations were measured and 

compared amongst these groups. The median age of these 500 patients was 59 years (IQR: 47-66). Out of the total 500 patients hospitalized and 
enrolled in this study, 79.7% (n= 398) were mild to moderately affected while 20.3% (n=102) were severely affected. Significant 

hypoalbuminemia was observed in 53.3% and 83.5% in mild to moderate and severely affected groups respectively. We also found out a 

significantly low concentrations of serum LDL and HDL levels in severely affected group as compared to the mild to moderately affected 
group.Thus, with severity of disease, a drastic reduction in serum albumin as well as serum LDL and HDL levels is indicative of a possible 

hepatotoxicity that may exacerbate survival chances in severely affected patients.  
Keywords:  COVID-19, Albumin, HDL, LDL, severity 

This is an Open Access article that uses a fund-ing model which does not charge readers or their institutions for access and distributed under the 

terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative 
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, provided 

original work is properly credited.  

 

Introduction  
Coronaviruses are a large family of enveloped positive sense RNA 

viruses known to cause clinical symptoms ranging from the common 

cold to severe respiratory infections, such as severe acute respiratory 
syndrome (SARS) and the Middle East respiratory syndrome 

(MERS). Coronavirus disease 2019 (COVID-19) has recently been 

identified as a deadly communicable disease caused by a novel strain 
of severe acute respiratory syndrome coronavirus 2 ( SARS CoV-2) 

and it has shown to represent one of the deadliest pandemic 

outbreaks in modern times affecting almost 50 million people and 
causing more than 21.2 million deaths globally so far. The spectrum 

of COVID-19 illness ranges from being asymptomatic or 

experiencing mild symptoms to important clinical manifestations 
such as severe pneumonia, which can further progress to acute 

respiratory distress syndrome (ARDS), multiple organ failure and 

potentially death[1-3].Human serum albumin (HSA) is an acute 

phase reactant with antioxidant property. Thus, under normal 

physiologic conditions, plasma albumin provides an abundant source 

of free thiols that are able to scavenge reactive oxidant species 
(ROS).Hypoalbuminemia (<32g/L) is amongst the most frequently 

observed laboratory abnormalities in patients with SARS-CoV-2  
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infection[4-8].and it was more pronounced in severe than mild- 

moderate cases.High density and low density lipoproteins are 

complex protein molecules which transport lipid molecules around 
the body. Numerous studies have stated a decrease in LDL and HDL 

levels in patients with COVID-19 infections. Most of these studies 

indicated a greater fall in lipid levels with an increase in the severity 
of the illness.The general consensus regarding plasma lipid levels 

(mainly HDL and LDL) along with serum albumin levels is that they 

progressively decrease with an increase in the severity of coronavirus 
disease. 
Material and Methods 

This study involved 500 COVID-19 patients hospitalized with mild 
to moderate and severe symptoms between June 2020 and February 

2021in the associated hospital of RDASMC, Ayodhya, Uttar 

Pradesh, India after ethical approval from the institutional ethical 

committee. Adults>=18 years of age with laboratory confirmed 

COVID-19 diagnosed and classified into mild to moderately affected 

and severely affected groups on the basis of Centers for Disease 
Control and Prevention (CDC)[9] were selected. Oropharyngeal and 

Nasopharyngeal swabs for laboratory diagnosis of COVID-19 were 

taken and RT-PCR for E and S gene were performed. At the time of 
admission to the hospital, routine analyses were carried out and 

demographic and clinical data were collected. The laboratory results 

including serum albumin, globulin and lipoproteins (HDL and LDL) 
were extracted during admission and on the third day after admission 

(second testing). Patients younger than 18 years of age and having 
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atleast one month history of hepatitis and with renal or liver 

dysfunction were excluded from the study. All the patients were 
divided into two subgroups according to CDC: mild to moderately 

affected i.e. those with absence of viral pneumonia and hypoxia and 

severely affected i.e. those with pneumonia, ARDS, sepsis and septic 
shock, cardiomyopathy, arrhythmia and acute kidney injury. 

 

Results 
Table 1: shows clinical and demographic features of study patients according to severity 

 Mild to moderate group Severe group p value 

n 398 102  

Age  55.1±18.5 64.8±14.1 <0.001 

Male gender 59% 72% 0.074 

Hypertension  49% 63% 0.256 

Diabetes  24% 32% 0.112 

Smoking habit  8% 16% 0.511 

COPD 12% 26% 0.014 

Cardiovascular disease 12% 18% 0.297 

Data are expressed in mean±standard deviation 
COPD: chronic obstructive pulmonary disease 

Table 1 shows some of the demographic and clinical features of mild to moderate and severely affected subgroups. Compared with the mild to 

moderately affected group, the severely affected had more prevalence of COPD (26%), Diabetes (32%), cardiovascular diseases (18%) and 
smoking habit (16%) 

Table 2: shows laboratory characteristics of study patients according to severity 

  Mild to moderate group Severe group P 

 
ALB(IQR) 

At admission test 35.70 (32.17, 39.30) 31.10 (28.56, 34.70) <0.001 

At second test 34.50 (31.40, 37.50) 30.30 (27.80, 33.52) <0.001 

 

GLO (IQR) 

At admission test 30.70 (27.60, 34.40) 33.40 (29.55, 37.55) <0.001 

At second test 30.00 (26.80, 33.30) 32.00 (28.35, 36.70)   <0.001 

 

ALB/GLO (IQR) 

At admission test 1.16 (0.96, 1.38) 0.93(0.79, 1.10) 0.558 

At second test 1.15 (0.97, 1.34) 0.94 (0.79, 1.10) <0.001 

HDL At admission test 0.94 (0.79, 1.15) 0.85 (0.72, 1.04) <0.001 

At second test 0.98 (0.82, 1.19) 0.91 (0.73, 1.11) <0.001 

LDL 

 

At admission test 2.43 (1.95, 2.96) 2.08 (1.59, 2.67) <0.001 

At second test 2.49 (2.01, 2.94) 2.28 (1.67, 2.82) <0.001 

Data are expressed in median(IQR). P values are calculated by 

Kruskal- Wallis rank-sum test.  
The plasma concentrations of albumin (ALB), globulin (GLO), 

ALB/GLO, HDL and LDL levels were recorded upon admission and 

on the third day after admission. P values were comparedamong mild 
to moderate and severely affected groups.Table 2 shows a decrease 

in plasma albumin levels in mild to moderate group median of 35.70 

(IQR, 32.17,39.30) and in severe group median of 31.10 (IQR, 28.56, 
34.70) at the time of admission. After adjustment for multivariable 

like age, sex and comorbidities, every 1g/L decrease in albumin was 

found to be associated with a higher risk of progression to severe 
group. The odds ratio (OR) adjusted was 1.16; 95% confidence 

interval (CI) 1.13- 1.18; P= 0.005. After second test, albumin levels 

significantly decreased to a median of 34.50 (IQR, 31.40, 37.50) in 
mild to moderate and to a median of 30.30 (IQR, 27.80, 33.52) in 

severe group respectively. The OR after adjustment was found to be 

1.21 (1.17-1.26; P= 0.018). This progressive decline is suggestive of 
poor prognosis. However, the Globulin levels shows a statistically 

significant increase in severely affected group to a median of 33.40 
(IQR,29.55, 37.55) as compared to the mild to moderately affected 

group to a median of 30.00 (IQR,26.80, 33.30). Interestingly, the 

A/G ratio shows a significant reduction in severe group to a median 

of 0.94 (IQR,0.79, 1.10) than the mild to moderate group to a median 

of 2.49 (IQR,2.01, 2.94) after second test probably because of an 

increase in globulin and decrease in albumin levels. Table 2 also 
shows a marked difference in lipoprotein levels in the two groups. At 

the time of admission, the mild to moderate group showed a higher 

HDL level to a median of 0.94 (IQR,0.79, 1.15) than the severe 
group to a median of 0.85 (IQR, 0.72, 1.04). Even after second test, 

HDL levels were higher in mild to moderate, median 0.98 (IQR, 

0.82, 1.19) than the severe group, median 0.91 (IQR, 0.73, 1.11). 
Similarly, LDL levels in mild to moderate group was significantly 

higher, median 2.43 (IQR, 1.95, 2.96) than the severe group, median 

2.08 (IQR, 1.59, 2.67) both at the time of admission and after second 

test, median of 2.49 (IQR, 2.01, 2.94) and median of 2.28 (IQR, 1.67, 
2.82) in mild to moderate and severe groups respectively. 

Discussion 

Coronavirus disease 2019 (COVID 2019) is a pandemic associated 
with high risk of morbidity and mortality.It has been reported to be 

one of the worst pandemics of modern times. Due to lack of 

information regarding its pathophysiology and clinical progress, 
proper institution and implementation of appropriate health care 

needs was hampered. Several studies have elaborated an alteration in 

the routine laboratory tests in COVID-19 patients, including a 
decrease in serum albumin levels, an increase in serum globulin 

levels, A/G ratio and also an increase in serum LDL and HDL 

levels.Albumin is a protein that plays a crucial role in maintaining 
the homeostasis like perpetuating colloidal osmotic pressure, 

intravascular transport of molecules, lipid metabolism, thrombosis 

and inflammation and has been considered as an important biomarker 
for malnutrition and poor health state for long. Hypoalbuminemia, 

has been shown to be associated with disease severity of many 
conditions like chronic inflammatory diseases, inflammatory bowel 

disease and diabetes mellitus[10] as well as with cirrhosis and  with 

severity of surgical trauma, acute diseases and sepsis.In addition, 

during the previous SARS epidemic, hypoalbuminemia has been 

shown to be associated with disease severity and increased hospital 

mortality[12-15].The mechanism involved in hypoalbuminemia in 
COVID-19 patients is not clearly known but possibly it could be due 

to presence of a systemic inflammatory state in COVID-19 patients 

as suggested by Huang et al[16] which leads to extravasation of 
serum albumin in the interstitial space due to increased capillary 

permeability. However, Veering and his associates stated that serum 

albumin concentrations decreaseswith advancing age in both males 
and females[17].Hence, the in between groups showing higher 

severity of disease due to hypoalbuminemia, in part, may be related 
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to advancing age. An alternative pathophysiology was also suggested by 

Huang et al who attributed hypoalbuminemia to hepatic dysfunction 

considering the fact that there was a marked and significant decrease in 

LDL and HDL levels as the disease exacerbated. Notably, Sun et al[18] 

suggested that cytokine storm develops in COVID-19 patients. Imaeda et 

al[19] stated that the levels of inflammatory cytokines are inversely 
correlated to albumin concentrations. Hence, a possible upsurge in 

cytokines perhaps causes an inhibition in protein synthesis in hepatocytes 

causing hypoalbuminemia.Meanwhile, Globulin concentration, unlike, 

albumin showed a significant increase with disease severity which was 

observed to be higher in severely affected group, median 32.00 (IQR, 

28.35, 36.70) as compared to the mild to moderately affected group, 

median 30.00 (IQR, 26.80, 33.30) after second testing on third day of 

admission to the hospital. This observation was in accordance with the 
study conducted by Huang et al[20] which also showed a significant 

reduction in A/G ratio which was found to be more apparent in death and 

critically ill group as compared to the non-critically ill group.The A/G 

ratio in our study was found to significantly decrease in the severe group, 

median0.94 (IQR, 0.79, 1.10) than the mild to moderate group, median 

1.15 (IQR,0.97,1.34). This can be explained by the fact that there has 

been a significant decrease in albumin concentration as against a rise in 

globulin concentration with an increase in the severity of the disease. This 
observation was again in accordance with the study conducted by Feketea 

et al[21]who also reported a decrease in A/G ratio and attributed it mainly 

to hypoalbuminemia with an increase in the severity of disease.On the 

other hand, the serum lipoproteins viz. LDL and HDL evinced marked 

differences between mild to moderately affected and severely affected 

patient groups. LDL concentrations showed a significant decrease in 

severe group, median 2.28 (IQR,1.67, 2.82)as compared to the mild to 
moderate group, median 2.49 (IQR, 2.01, 2.94) while HDL levels also 

showed a significant decrease in severe group, median 0.91 (IQR, 0.73, 

1.11) than the mild to moderate group, median 0.98 (IQR,0.82, 1.19) 

which is probably suggestive of an impaired lipoprotein synthesis in 

COVID-19 patients exhibiting a significant decrease as disease 

exacerbates. Our results were found quite similar with those in the study 

conducted by Roccaforte et al[22] who also recorded a significant 

decrease in HDL and LDL levels in COVID-19 patients and concluded 
that lipids probably play an important role in viral replication, 

internalization and immune activation in COVID-19 patients. They also 

concluded that lipid abnormalities can be used for indirectly assessing the 

response to clinical treatment. 

Conclusion 

To conclude, we can say that albumin levels and A/G ratio can be used in 

the prognosis of COVID-19 patients. The lower the albumin levels, the 

worse the prognosis. Critical hypoalbuminemia is shown to be associated 
with poor prognosis and deserves greater and more careful clinical 

intervention.On the other hand, HDL and LDL levels can also be used for 

indirectly assessing the response to clinical treatment in COVID-19 

patients. 

References 

1. Paliogiannis P, Mangoni AA, Cangemi M, Fois AG, Carru C et al. 

Serum albumin concentrations are associated with disease severity 
and outcomes in coronavirus 19 disease (COVID-19): a systematic 

review and meta-analysis. Clin Exp Med.2021;1-12. 

2. Rauf A, Abu-Izneid T, Olatunde A, Khalil AA, Alhumaydhi FA et 

al. COVID-19 pandemic: epidemiology, etiology, Conventional and 

Non-Conventional Therapies. Int J Environ Res Public 

Health.2020;17:E8155. 

3. Yang J, Zheng Y, Gou X, Pu K, Chen Z et al. Prevalence of 

comorbidities and it’s effects in patients infected with SARS-CoV-
2: a systematic review and meta- analysis. Int J Infect 

Dis.2020;94:91-5. 

4. Violi F, Cangemi R, Romiti GF, Ceccarelli G, Oliva A et al. Is 

Albumin Predictor of Mortality in COVID-19? Antioxid Redox 

Signal.2020;00:00. 

5. Chen G, Wu D, Guo W, Cao Y, Huang D et al. Clinical and 

immunological features of severe and moderate coronavirus disease 

2019. J Clin Invest.2020;130:2620-2629. 

6. Huang C, Wang Y, Li X, Ren L, Zhao J et al. Clinical features of 

patients infected with 2019 novel coronavirus in Wuhan, China. 

Lancet.2020;8:475-481. 
7. Chen N, Zhou M, Dong X, Qu J, Gong F et al. Epidemiological and 

clinical characteristics of 99 cases of 2019 novel coronavirus in 

Wuhan, China: a descriptive study. Lancet.2020;395:507-513. 

8. Henry BM, de Oliveira MHS, Benoit S, Plebani M, Lippi G. 

Hematologic, biochemical and immune biomarker abnormalities 

associated with severe illness and mortality in coronavirus disease 

2019 (COVID-19): a meta-analysis. Clin Chem Lab Med 

2020;58:1021-1028. 
9. Healthcare Workers [Internet]. Centers for Disease Control and 

Prevention. 2021 [cited 3 April 2021]. Available from: 

https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-guidance-

management-patients.html. 

10. Din H, Anderson AJ, Ramos Rivers C, Proksell S, Koutroumpakis 

F et al. Disease Characteristics and Severity in Patients With 

Inflammatory Bowel Disease With Coexistent Diabetes Mellitus. 

Inflamm Bowel Dis.2020;26:1436-42. 
11. Hubner M, Mantziari S, Demartines N, Pralong F, Coti-Bertrand P 

et al. Postoperative albumin drop is a marker for surgical stress and 

a predictor for clinical outcome: a pilot study. Gastro-enterol Res 

Pract.2016;8743187. 

12. Sahin A, Turkoglu S, Tunc N, Duzenci D, Arslan Solmaz O et al. Is 

ischemia- modified albumin a reliable tool for the assessment of 

acute pancreatitis? Ther Clin Risk Manage. 2018;14:627-35. 
13. Godinez-Vidal AR, Correa-Montoya A, Enrique-Santos D, Perez-

Escobedo SU, Lopez-Romero SC et al. Is albumin a predictor of 

severity and mortality in patients with abdominal sepsis? Cir 

Cir.2019;87:485-9. 

14. Chan JC, Tsui EL, Wong VC. Hospital Authority SARS 

Collaborative Group. Prognostication in severe acute respiratory 

syndrome: a retrospective time-course analysis of laboratory-

confirmed patients in Hong Kong. Respirology. 2007;12:531-42. 
15. Leong HN, Earnest A, Lim HH, Chin CF, Tan CSH et al. SARS in 

Singapore-predictors of disease severity. Ann Acad Med 

Singap.2006;35:326-31. 

16. Huang J, Cheng A, Kumar R, Fang Y, Chen G et al. 

Hypoalbuminemia predicts the outcome of COVID-19 independent 

of age and co-morbidity. J Med Virol.2020; 

https://doi.org/10.1002/jmv.26003. 

17. Veering BT, Burm AG, Souverijn JH, Serree JM, Spierdijk J. The 
effect of age on  serum concentrations of albumin and alpha l-acid 

glycoprotein. Br J Clin Pharmacol.1990;29:201-6. 

18. Sun D, Li H, Lu X, Xiao X, Ren J et al. Clinical features of severe 

pediatric patients with coronavirus disease 2019 in Wuhan: a single 

center’s observational study. World J Pediatr.2020;16(3):251-259. 

19. Imaeda AB, Watanabe A, Sohail MA, Mahmood S, Mohamadnejad 

M et al. Acetaminophen- induced hepatotoxicity in mice is 
dependent on Tlr9 and the Nalp3 inflammasome. J Clin 

Invest.2009;119:305-314. 

20. Huang W, Li C, Wang Z, Wang H, Zhou N et al. Decreased serum 

albumin level indicates poor prognosis of COVID-19 patients: 

hepatic injury analysis from 2,623 hospitalized cases. Sci China 

Life Sci.2020;63(11):1678-1687. 

21. Feketea GM, Vlacha V. The Diagnostic Significance of Usual 

Biochemical Parameters in Coronavirus Disease 19 (COVID-19): 
Albumin to Globulin Ratio and CRP to Albumin Ratio. Front Med 

(Lausanne).2020;7:566591. 

22. Roccaforte V, Daves M, Lippi G, Spreafico M, Bonato C. Altered 

lipid profile in patients with COVID-19 infection. J Lab Precis 

Med.2021;6:1-8. 

 

Conflict of Interest: Nil  Source of support:Nil 

http://www.ijhcr.com/
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-guidance-management-patients.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-guidance-management-patients.html

