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Abstract
Coronavirus disease 2019 (COVID-19), an infectious disease caused by the severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2), is responsible for the most threatening pandemic in modern history. The aim of this systematic review 
and meta-analysis was to investigate the associations between serum albumin concentrations and COVID-19 disease sever-
ity and adverse outcomes. A systematic literature search was conducted in PubMed, from inception to October 30, 2020. 
Sixty-seven studies in 19,760 COVID-19 patients (6141 with severe disease or poor outcome) were selected for analysis. 
Pooled results showed that serum albumin concentrations were significantly lower in patients with severe disease or poor 
outcome (standard mean difference, SMD: − 0.99 g/L; 95% CI, − 1.11 to − 0.88, p < 0.001). In multivariate meta-regression 
analysis, age (t =  − 2.13, p = 0.043), publication geographic area (t = 2.16, p = 0.040), white blood cell count (t =  − 2.77, 
p = 0.008) and C-reactive protein (t =  − 2.43, p = 0.019) were significant contributors of between-study variance. Therefore, 
lower serum albumin concentrations are significantly associated with disease severity and adverse outcomes in COVID-19 
patients. The assessment of serum albumin concentrations might assist with early risk stratification and selection of appro-
priate care pathways in this group.
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Introduction

Coronaviruses are a large family of enveloped positive-
sense RNA viruses known to cause clinical symptoms rang-
ing from the common cold to severe respiratory infections, 
such as the severe acute respiratory syndrome (SARS) and 
the Middle East respiratory syndrome (MERS). The latter, 
caused by SARS-CoV and MERS-CoV, respectively, have 
caused recent epidemics with mortality rates ranging from 

10 to 37% [1–4]. Coronavirus disease 2019 (COVID-19) is 
a recently identified infectious disease caused by the novel 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) [5]. COVID-19 represents the most threatening 
pandemic outbreak in modern history, affecting some fifty 
million people and causing more than 1.2 million deaths 
globally as of November 12, 2020. Actions for the contain-
ment of the disease have included different degrees of lock-
down strategies in many countries, generating unpredict-
able economic and social consequences. The spectrum of 
COVID-19 illness ranges from being asymptomatic or expe-
riencing 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 [6, 7]. An increased risk of 
severe disease and adverse outcomes has been observed 
in older adults and patients of any age with comorbidities 
such as coronary heart disease, diabetes, respiratory disease 
and hypertension [6, 8]. There are ongoing efforts to better 
understand the pathophysiology, presentation and clinical 
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outcomes of the disease, including the identification of bio-
markers for diagnosis, risk stratification, disease monitor-
ing and prognosis. Early studies in COVID-19 patients have 
reported alterations in routine laboratory tests, particularly 
white blood cell count, neutrophils, lymphocytes, plate-
lets, alanine aminotransferase, aspartate aminotransferase, 
D-dimer, total bilirubin and creatinine [8–11]. Reductions 
in serum albumin concentrations have also been associated 
with disease severity [12, 13]. The aim of this present study 
was to appraise the available evidence regarding the associa-
tions between serum albumin concentrations, disease sever-
ity and adverse outcomes in COVID-19 patients.

Materials and methods

Search strategy, eligibility criteria and study 
selection

An electronic search was performed in Medline (PubMed 
interface) using the keywords “albumin” AND “coronavi-
rus” OR “albumin” AND “COVID-19” from inception to 
October 30, 2020. The inclusion criteria were: (a) studies 
reporting continuous data on serum albumin concentrations 
in COVID-19 patients, (b) articles investigating COVID-
19 patients with different disease severity or clinical out-
comes, (c) articles in adult patients, (d) number of studied 
patients ≥ 10, (e) articles in English and (f) full-text article 
was available. Two investigators independently screened 
the abstracts to establish relevance. If relevant, the two 
investigators independently reviewed the full articles. Any 
disagreement between the reviewers was resolved by a third 
investigator. The reference list of the studies identified was 
also checked in order to identify additional studies. We used 
the Newcastle–Ottawa scale to assess the quality of each 
study [14]. The Newcastle–Ottawa scale evaluates the fol-
lowing components: cohort selection, cohort comparability 
on the basis of the design or analysis, how the exposure is 
determined and how the outcomes of interest are evaluated. 
Studies achieving a score of six or more were considered to 
be of high quality.

Endpoint

The study endpoint was the pooled SMD of serum albu-
min concentrations between patients with low versus high 
severity or good versus poor outcomes. Disease severity was 
based on symptoms, disease progression (from moderate to 
severe grade or critical grade), ICU admission, intubation 
and ARDS onset, whereas outcome was based on survival 
vs. death during the study period.

Statistical analysis

Standardized mean differences (SMD) were used to build 
forest plots of continuous data and to evaluate differences 
in serum albumin concentrations between COVID-19 
patients with low versus high severity or good vs. poor 
outcomes. A p-value < 0.05 was considered statistically 
significant, and 95% confidence intervals (CIs) were 
reported. When required, the mean and standard devia-
tion values were extrapolated from median and IQR as 
previously reported by Wan et  al. [15] or median and 
range as reported by Hozo et al. [16]. Heterogeneity of 
SMD across studies was tested by using the Q statistic 
(significance level at p < 0.10). The I2 statistic, a quanti-
tative measure of inconsistency across studies, was also 
calculated (I2 < 25%, no heterogeneity; I2 between 25 and 
50%, moderate heterogeneity; I2 between 50 and 75%, 
large heterogeneity; and I2 > 75%, extreme heterogeneity). 
A random-effects model was used if heterogeneity was 
high. Sensitivity analysis was conducted to investigate the 
influence of individual studies on the overall risk estimate, 
by sequentially excluding one study at a time. To evaluate 
the presence of potential publication bias, the associations 
between study size and magnitude of effect were analysed 
by means of Begg’s adjusted rank correlation test and 
Egger’s regression asymmetry test at the p < 0.05 level of 
significance [17, 18]. Duval and Tweedie “trim and fill” 
procedure was performed to identify and correct for funnel 
plot asymmetry arising from publication bias [19]. Statisti-
cal analyses were performed using MedCalc for Windows, 
version 15.4 64 bit (MedCalc Software, Ostend, Belgium) 
and Stata 14 (STATA Corp., College Station, TX, USA).

Fig. 1  Flow chart illustrating the electronic search strategy and 
review
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Results

Electronic search results and characteristics 
of the included studies

A flow chart describing the screening process is presented 
in Fig. 1. We initially identified 421 studies. A total of 
343 studies were excluded after the first screening because 
they were either duplicates or irrelevant. After full-text 
review of the remaining 78 articles, a further 11 studies 
were excluded because they did not meet the inclusion 
criteria. Thus, 67 studies were included in the meta-
analysis [20–86]. The characteristics of these studies, all 
published in 2020, are presented in Table 1. A total of 
19,760 COVID-19 patients were studied, 13,628 (49% 
males, mean age 53 years) with low severity or favour-
able outcome and 6141 (58% males, mean age 65 years) 
with high severity or poor outcome. Three studies were 
prospective [29, 41, 52], 51 retrospective [20–28, 30–34, 
36–39, 42–46, 48–51, 53, 54, 57–60, 62, 63, 65, 66, 
69–76, 78, 80, 81, 83–86], while 13 did not specifically 
declare the study design [23, 35, 40, 47, 55, 56, 61, 64, 67, 
68, 77, 79, 82]. Fifty-two studies (77.6%) were performed 
in China [22, 24–26, 28–31, 33–35, 37–43, 46–57, 59, 
62–64, 68–85] while the remaining 15 were conducted in 
the rest of the world [20, 21, 23, 27, 32, 36, 44, 45, 58, 60, 
61, 65–67, 86]. Endpoints included disease severity based 
on current clinical guidelines (31 studies, 46%) [22, 24, 
28, 32, 33, 35, 36, 38, 39, 44–47, 49–52, 54, 56, 58, 64, 
66, 69, 72, 73, 75, 77, 79, 81–83], survival (19 studies, 
28%) [20, 23, 26, 30, 31, 34, 42, 53, 59–62, 65, 67, 71, 
76, 84–86], intensive care unit (ICU) admission (7 stud-
ies, 10%) [21, 27, 41, 48, 68, 70, 78] and other outcomes 
(10 studies, 15%) [25, 29, 37, 40, 43, 55, 57, 63, 74, 80]. 
Among the 67 retrieved studies, only Aloisio et al. [20] 
reported the lowest albumin concentrations throughout 
hospitalization, whereas all the remaining studies reported 
albumin concentrations measured within the first 24–48 h 
from admission.

Meta‑analysis

The overall standardized mean difference in serum albu-
min concentrations between COVID-19 patients with low 
versus high severity or good versus poor outcomes in the 
67 studies is shown in Fig. 2. In all studies, patients with 
high disease severity or poor outcome had lower albumin 
concentrations compared to those with low severity or 
good outcome (mean difference range, − 0.16 to − 2.60) 
although the difference was not statistically signifi-
cant in four studies [28, 52, 59, 82]. The pooled results 

confirmed that serum albumin concentrations were sig-
nificantly lower in patients with high severity or poor out-
come (SMD: − 0.99; 95% CI, − 1.11 to − 0.88, p < 0.001). 
Extreme heterogeneity between studies was observed 
(I2 = 89.3%; p < 0.001). Sensitivity analysis showed that 
the effect size was not modified when each study was 
in turn removed (effect size ranged between − 0.970 
and − 1.007). Evidence of publication bias was provided 
by a funnel plot (Egger’s test, p = 0.004; Begg’s test, 
p = 0.081, Fig. 3). However, trim‐and‐fill analysis showed 
that no study was missing or should be added. To explore 
possible contributors to the between-study variance, we 
investigated the effects of age, gender, publication geo-
graphic area, outcome, the inflammation biomarkers white 
blood cell (WBC) count and C-reactive protein (CRP) and 
the liver function markers alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST) on SMD by uni-
variate meta-regression analysis. Both WBC (t =  − 2.77, 
p = 0.008) and CRP (t =  − 2.43, p = 0.019) were signifi-
cantly related to the pooled SMD (Fig. 4). In addition, 
the pooled SMD value in Chinese studies (− 0.99, 95% 
CI − 1.05 to − 0.80, p < 0.001; I2 = 88.2%, p < 0.001) 
was lower than that observed in non-Chinese studies 
(− 1.22, 95% CI − 1.43 to − 1.01, p < 0.001; I2 = 84.5%, 
p < 0.001) and the difference was significant by meta-
regression analysis (t = 2.09, p = 0.004). No statistically 
significant correlation was found between SMD and age 
(t =  − 0.58, p = 0.56), gender (t = 0.46, p = 0.65), ALT 
(t = 0.34, p = 0.73) and AST (t = 0.40, p = 0.69) though 
a trend towards significance was observed with outcome 
(t = 1.72, p = 0.091). Multivariate meta-regression analy-
sis, reported in Table 2, confirmed the significant associa-
tion between effect size, WBC (t =  − 2.10, p = 0.046) and 
CRP (t =  − 2.28, p = 0.031) and also showed a significant 
relationship with age (t =  − 2.13, p = 0.043) and publica-
tion geographic area (t = 2.16, p = 0.040).

Discussion

The recently reported COVID-19 disease represents one of 
the worst pandemics in modern times. The disease started 
in China in December 2019 and spread rapidly through the 
globe [87]. This, the consequent lack of information regard-
ing the pathophysiology and clinical progress, prevented 
the establishment and implementation of adequate public 
health responses. Several studies have described alterations 
in routine laboratory tests in patients affected by COVID-
19, including a decrease in serum albumin concentrations 
[8–11]. However, no pooled analyses of the available evi-
dence have been performed to accurately estimate the effect 
size of such reduction, to investigate its relationship with 
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disease severity and outcomes and to evaluate which param-
eters may affect the effect size.

Our analysis demonstrated the presence of significantly 
lower serum albumin concentrations in COVID-19 patients 
with high disease severity or poor outcome when compared 
to those with low severity or good outcome. Albumin, a 
protein that exerts important homeostatic effects such as 

maintenance of the osmotic colloid pressure, intravascular 
transport of molecules, lipid metabolism, thrombosis and 
inflammation, is classically considered as a biomarker of 
malnutrition and poor health status [88, 89]. Hypoalbumine-
mia has been described as a negative prognostic factor in 
several diseases, [89–92]. Furthermore, low serum albumin 
concentrations have been shown to be associated with the 
severity of chronic inflammatory diseases, inflammatory 
bowel disease and diabetes mellitus [93], cirrhosis [94], 
as well as with the severity of surgical trauma [95], acute 
diseases [96] and sepsis [97]. In addition, in past SARS epi-
demics, hypoalbuminemia has been shown to be related with 
disease severity and increased hospital mortality [98, 99].

Extreme heterogeneity and a trend towards publication 
bias was observed. In multivariate meta-regression analy-
sis, age, geographic area, WBC count and CRP were sig-
nificantly associated with effect size. However, other fac-
tors not specifically investigated, such as nutritional status 
or assay preparation, might have also contributed to the 
observed heterogeneity. In particular, methodological issues 
with albumin determination might have influenced the het-
erogeneity observed between studies. It is well known that 
colorimetric methods for albumin determination, which are 
widely used in clinical institutions, are nonspecific and usu-
ally overestimate albumin concentrations when compared to 

Fig. 2  Forest plot of SMD differences of serum albumin concentrations between COVID-19 patients with low/high severity and good/poor out-
come

Fig. 3  Funnel plot of studies examining albumin and severity and 
outcome in COVID-19
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the more specific and accurate immunoturbidimetric assays 
[100]. Unfortunately, as only few articles provided informa-
tion regarding the assay used for albumin determination, we 
could not determine the impact of this factor on between-
study variance by meta-regression analysis.

The mechanisms responsible for hypoalbuminemia 
in COVID‐19 have not been fully elucidated. Albumin is 

exclusively synthesized by the liver with a serum half‐life 
of approximately 21 days [101]. Notably, our analyses did 
not show any association between effect size and the liver 
function biomarkers ALT and AST, confirming previous 
observations that hypoalbuminemia in COVID-19 patients 
is not related to liver dysfunction [42]. Conversely, we found 
a relation between effect size and inflammation in accord-
ance with previous studies by Huang et al. [42], which found 
that albumin concentrations were inversely correlated with 
WBC, neutrophil-to-lymphocyte ratio (NLR) and CRP, and 
by Huang et al. [43], that describe an inverse relationship 
between serum albumin and IL-6. As suggested by Huang 
et al. [42] hypoalbuminemia might be due to the presence 
of a systemic inflammatory state in COVID‐19. It is well 
known that inflammation may be responsible for the extrava-
sation of serum albumin into the interstitial space due to an 
augmented capillary permeability, with an increased volume 
distribution of albumin [102]. However, it is also impor-
tant to emphasize that serum albumin concentrations tend 
to decrease with advancing age in both sexes [103]. There-
fore, the between-group differences in albumin concentra-
tions may be in part explained by the higher disease severity 
and worse outcomes typically observed in older patients.

Although further research is required to investigate the 
relationship between albumin and COVID-19 disease out-
comes, the identification of serum albumin as a marker of 
COVID-19 severity is biologically and clinically relevant. 
The determination of serum albumin concentrations, a rela-
tively stable parameter that is strongly associated with key 
functional and health measures, using simple and relatively 
inexpensive analytical procedures, might provide rapid 
and useful information in regard to the overall homeostatic 
capacity of an individual. Consequently, the identification 
of relatively low serum albumin concentrations in hospital-
ized COVID-19 patients might assist with appropriate risk 
stratification and selection of suitable care pathways, even 
taking into consideration that age can be an important con-
founding factor.

In conclusion, our systematic review and meta-analysis 
showed that serum albumin concentrations in COVID-19 
patients with high disease severity or poor outcomes are 
significantly lower when compared to those with milder 
disease. Age, geographical area and inflammation status are 
relevant contributors to the between-study variance. Further 
studies are required to investigate if albumin assessment may 
effectively help clinicians to early identify patients at high 
risk of poor outcome and if this parameter may be helpful 
also to successfully evaluate, at early stage, the response to 
treatment.
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Fig. 4  Univariate meta-regression analysis between WBC, CRP and 
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