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Background: Coronavirus disease 2019 (COVID-19) elicits robust inflammatory reaction that may result in
a declining albumin serum level. This meta-analysis aimed to evaluate the prognostic properties of
hypoalbuminemia for poor prognosis and factors that may influence the relationship.
Method: A systematic literature search of PubMed was conducted from inception to April 22, 2021. The
main exposure was albumin level below normal rangeedefined by the included studies. The outcome of
interest was composite poor outcome that comprises of mortality, severity, and the requirement of
mechanical ventilation or intensive care unit.
Results: There were 6200 patients from 19 studies. Meta-analysis showed that hypoalbuminemia was
associated with composite poor outcome (OR 6.97 (95% CI 4.20e11.55), p < 0.001; I2 ¼ 91.3%, p < 0.001).
Meta-regression analysis showed that age (p ¼ 0.44), gender (p ¼ 0.76), HT (p ¼ 0.97), DM (p ¼ 0.40),
CKD (p ¼ 0.65), liver disease (p ¼ 0.72), and malignancy (p ¼ 0.84) did not affect the association. Sub-
group analysis showed that hypoalbuminemia increased mortality (OR 6.26 (95% CI 3.26e12.04),
p < 0.001; I2 ¼ 69.6%, p < 0.01) and severity of the disease (OR 7.32 (95%CI 3.94e13.59), p < 0.001;
I2 ¼ 92.5%, p < 0.01). Pooled diagnostic analysis of hypoalbuminemia yielded a sensitivity of 0.63 (95% CI
0.52e0.72), specificity of 0.81 (95% CI 0.73e0.87), and AUC of 0.77. The probability of poor outcome was
70% in patients with hypoalbuminemia and 24% in patients with normal albumin level.
Conclusion: Hypoalbuminemia was associated with poor prognosis in COVID-19 patients.

© 2021 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2) has infected
millions of people worldwide. The high prevalence of the disease
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followed by long incubation periods of the virus yields an un-
precedented pandemic with an increasing number of cases across
countries making COVID-19 the worst pandemic outbreak in
modern history [1,2]. Multidimensional strategies have been taken
with various objectivesefrom prevention of viral transmission to
prevent the complication of the disease.

COVID-19 has wide spectrums of severity and clinical manifes-
tation of the illness. Patients are varied from asymptomatic to
severely ill that requires hospitalization [1,3]. The progression of
the disease is also ranging and confounded by a multitude of fac-
tors. Early steps to mitigate disease progression by assessing risk
y Elsevier Ltd. All rights reserved.
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stratification are needed to prevent adverse outcomes. Utilizing
biomarkers especially that are regularly measured to the patients is
paramount to assess risks and allocate resources efficiently [4,5].
Previous studies have been done to investigate the correlation of
blood serum parameters and disease severity and the outcomes.
Albumin level has been studied extensively of its association with
inflammatory process [6,7]. The level of human serum albumin has
been shown to have a negative correlation with disease severity in
various chronic illnesses [7e9]. In addition, a previous study
showed disease severity and adverse outcomes were significantly
associated with lower serum albumin concentration [10]. However,
the prognostic value of albumin and whether the value is influ-
enced by various comorbidities remains unknown. This present
meta-analysis aimed to evaluate the prognostic properties of
hypoalbuminemia in patients with COVID-19.

2. Material and methods

This systematic review was reported in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines (PRIMSA) [11]. A detailed protocol has been
previously registered in PROSPERO (CRD42021238733).

2.1. Eligibility criteria

The PECO (Population, Exposure, Comparison, Outcome) struc-
ture design was used to define the inclusion and exclusion criteria
of exposure and outcomes. The inclusion criteria were research
articles and letters that report COVID-19 patients with information
on Albumin serum level (categorical) along with measurable out-
comesemortality/severity/critically ill/ICU admission/invasive
mechanical ventilation (IMV).

Following types or article were excluded: case report, non-
research letter, editorial, invited commentary, review, abstract-
only article, and preprint. Also, studies reporting only continuous
variable of albumin serum level were excluded. There was no lan-
guage restriction applied in this study.

2.2. Search strategy and study selection

A systematic search of PubMed and Cochran Collaboration Cen-
tral Register of Controlled Clinical Trials were performed from the
inception to 22nd of April 2021 by two independent investigators
(NNMS and FAD). The following search terms were used (“Albu-
mins"[Mesh] OR “Serum Albumin"[Mesh] OR Hypoalbuminemia
[tiab] OR Albumin[tiab]) AND (“COVID-19"[Mesh] OR “SARS-CoV-
2"[Mesh] OR COVID-19[tiab] OR COVID19[tiab] OR Coronavirus
[tiab]). We used ‘related articles’ feature and hand searched the
reference lists of the included articles to expand the search and
obtain additional studies. Duplicate results were removed after the
initial search.

2.3. Data extraction

Data extraction was conducted independently by two authors
(NNMS and FAD). Standardized forms that included author, year,
study design, sample size, cut-off value, age, gender, measurable
outcome, hypertension (HT), diabetes mellitus (DM), chronic kid-
ney disease (CKD), liver disease, and malignancy. Different
perception in extracting data or eliminating possible duplicates
were resolved through discussion and consensus.

The primary exposure was hypoalbuminemia as the level of
albumin serum was below the specified cut-off defined by each
individual study. The measured outcome of interest was composite
poor outcome that comprised of mortality, severe COVID-19,
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critically ill COVID-19, ICU admission, disease progression, and
adverse effects from the given nutritional support. Severe COVID-
19 was defined as patients who met the criteria of respiratory
distress (respiratory rate � 30 breaths/min); pulse oxygen satura-
tion �93% on room air; and low arterial oxygenation ratio (PaO2/
fraction of inspired oxygen � 300). Subsequently, patients were
considered as critically ill if they had respiratory failure requiring a
form of mechanical ventilation; shock; or had complications with
other organ failure that require monitoring and treatment in the
intensive care unit (ICU).

We used NewcastleeOttawa Scale (NOS) to assess the quality of
included studies. Following aspects were taken into consideration
in the assessment: cohort selection, the comparability of cohort on
the basis of the design or analysis, the way exposure is determined,
and the way of outcomes of interest are evaluated. Discrepancies of
perception were resolved by discussion.

2.4. Statistical analysis

All statistical analysis was performed using R (version 4.0.4, The
R Foundation, Vienna, Austria). The incidence of poor composite
outcome and hypoalbuminemia was pooled using meta-analysis of
proportion. Also, ORs were calculated using DerSimonian and Laird
method random-effects model. The inconsistency index (I2) and
subgroup analysis using Chi-square test were used to explore po-
tential sources of heterogeneity. An I2 of more than 50% and p value
of less than 0.05 were considered as significant for heterogeneity
[12]. Random effects mode was used regardless of the heteroge-
neity value. Meta-regression was also conducted with restricted-
maximum likelihood random effects with age, gender, and
comorbidities (HT, DM, CKD, Liver disease, and malignancy).

Diagnostic meta-analysis was done through calculating pooled
sensitivity, specificity, positive likelihood ratio (PLR), and negative
likelihood ratio (NLR). Pooled sensitivity and specificity were dis-
played using forest plot and summary receiver operating charac-
teristics (SROC) curve [13]. Fagan's nomogram was also used to
present the prediction of post-test probability from pre-test prob-
ability. We also performed Deek's funnel plot asymmetry test to
identify publication bias [14].

3. Results

3.1. Study selection

The selection to obtain included studies in the systematic re-
view is shown in (Fig. 1). The initial search yielded 937 articles from
PubMed and Cochran Collaboration Central Register of Controlled
Clinical Trials. We found a total of 894 records remained after du-
plicates were removed and 202 articles after title and abstract
screening. A total of 132 records were excluded after screening the
title and abstract. After assessing 71 articles for the eligibility, we
excluded 52 articles in which the studies did not report the
outcome of interest, the reported albumin value was continuous
data, and no comparator was reported.19 articles met the eligibility
criteria and were included in the systematic review and meta-
analysis [8,9,15e31].

3.2. Characteristics of included studies

The characteristics of the included studies are available in
Table 1. There are 6200 patients from 19 studies included in our
systematic review and meta-analysis. All patients were adult
confirmed COVID-19 cases. All the included studies were observa-
tional studies and were from, China, France, and Italy. There was a
variability of cut offs used in between studies. However, the amount



Fig. 1. PRISMA flow of study.
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of study using each of different cut offs was inadequate to perform
diagnostic meta-analysis with different cut points to generate
optimal cut off value. In addition, we extracted the number of
comorbidities reported in the included studies cumulatively.
3.3. Hypoalbuminemia and poor outcomes

Low serum level of albumin was associated with increased
composite poor outcome (OR 6.96 (95% CI 4.20e11.55), p < 0.001;
I2 ¼ 91.3%, p < 0.001). Subgroup analysis shows that hypo-
albuminemia was associated with increased mortality (OR 6.26
(95% CI 3.26e12.04), p < 0.001; I2 ¼ 69.6%, p < 0.01) and severity
(OR 7.32 (95%CI 3.94e13.56), p < 0.001; I2¼ 92.5%, p < 0.01) (Fig. 2).
The funnel-plot analysis was performed, Egger's test indicated a
small study effect showed in asymmetrical shape (p ¼ 0.006)
(Fig. 3a). Trim and fill analysis with imputation of 10 studies yielded
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an OR of 2.38 (95%. CI 1.44e3.93) for poor outcomes (Fig. 3b). Meta
regression showed that the incidence was not influenced by age
(p ¼ 0.44), gender (p ¼ 0.76), HT (p ¼ 0.97), DM (p ¼ 0.40), CKD
(p ¼ 0.65), liver disease (p ¼ 0.72), and malignancy (p ¼ 0.84). The
incidence of composite poor outcome was 41%.
3.4. Diagnostic meta-analysis

Hypoalbuminemia had a sensitivity of 0.63 (95% CI 0.52e0.72),
specificity of 0.81 (95% CI 0.73e0.87), DOR of 6.96 (95% CI
4.20e11.55), and AUC of 0.77 (Fig. 4). Pooled sensitivity and speci-
ficity to predict poor outcomes showed in Fig. 4. A subgroup
analysis of sensitivity and specificity showed sensitivity to predict
death was 0.59 (95% CI 0.46e0.70) and severe COVID-19 was 0.65
(95% CI 0.51e0.76), and the specificity on mortality was 0.82 (95%CI
0.72e0.88) and on severity was 0.81 (0.69e0.89). Also, a summary



Table 1
Characteristics of included studies.

Author Design Samples Cut-off (g/L) Age (years) Male (%) Outcome HT (%) DM (%) CKD (%) Liver
Disease (%)

Malignancy (%) NOS

Bassoli et al., 2021 [15] Retrospective Cohort 207 30 61 68.6 Severity 34.3 13.1 NA NA NA 7
Chen (1) et al., 2020 [16] Retrospective Cohort 274 32 62 62 Death 34 17 1 4 3 8
Liu et al., 2020 [17] Retrospective Cohort 12 40 59 67 Severity 25 16.7 16.7 0 0 7
Chen (2) et al., 2020 [18] Retrospective Cohort 21 32 56 81 Severity 23.1 14.1 NA NA NA 7
Deng et al., 2020 [19] Retrospective Cohort 65 40 35 55 Severity 4.6 3.1 NA NA 1.53 8
Gao et al., 2020 [20] Retrospective Cohort 210 30 71 48 Death 55 18 9 9 3 8
Hirashima et al., 2020 [21] Retrospective Cohort 8 32 65 87.5 Severity 62.5 62.5 NA NA NA 7
Hu et al., 2020 [22] Retrospective Cohort 40 35 51 60 Severity 32.5 15 NA NA 2.5 8
Huang et al., 2020 [23] Retrospective Cohort 299 35 53 53 Severity &

Death
24.7 11.7 NA NA 3 7

Hundt et al., 2020 [8] Retrospective Cohort 1827 35 65 53 Severity NA 39 NA NA NA 8
Lei et al., 2020 [24] Retrospective Cohort 115 35 66 50 Severity NA NA NA NA NA 8
Li et al., 2020 [25] Retrospective Cohort 523 35 54 48 Severity &

Death
25. 18 NA NA NA 8

Ma et al., 2020 [26] Retrospective Cohort 523 30 44 55.26 Severity &
Death

15.9 9.1 1.63 NA 3.04 8

Nakamura et al., 2020 [27] Retrospective Cohort 32 30 75 69 Death 41 22 NA NA 100 7
Pan et al., 2020 [28] Retrospective Cohort 124 28.2 68 68.5 Death 50 20.2 NA NA NA 8
Shi et al., 2020 [29] Retrospective Cohort 87 33 60 56.3 Severity NA NA 1.8 NA 2.3 7
Wang et al., 2020 [30] Retrospective Cohort 275 45 49 46.5 Severity 19.6 6.2 1.5 2.2 0.7 7
Yu et al., 2020 [31] Retrospective Cohort 1443 35 64 50.4 Severity 20.9 14.7 1.9 2.3 1.1 7
Zhang et al., 2020 [9] Retrospective Cohort 115 40 50 42.6 Severity NA NA NA 0 NA 7

Fig. 2. Forest plot of hypoalbuminemia and composite poor outcome.
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Fig. 3. a) Funnel plot b) Trim and fill analysis.

Fig. 4. Pooled sensitivi
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receiver operating characteristics curve to predict composite poor
outcome was conducted (Fig. 5).

Fagan's nomogram showed that the post-test probability of poor
outcome was 70% in hypoalbuminemia and the post-test proba-
bility of poor outcome in group with normal albumin was 24%
(Fig. 6). Deek's funnel plot showed asymmetry with respect to the
regression line and asymmetry test showed significant result
(p ¼ 0.01).
4. Discussion

The correlation between albumin serum level and patient's
outcome in COVID-19 has been investigated. This study summarizes
the diagnostic performance of hypoalbuminemia to predict clinical
outcomes in COVID-19 patients. From all of 19 included studies, most
studies showed a significant correlation between low albumin levels
and poor outcomes. This finding was consistent with the previous
meta-analysis in which a lower albumin serum level was associated
with adverse outcomes andmore severe disease significantly [10,32].
To date, this is the first study to demonstrate a comprehensive
prognostic analyses from the existing evidence of hypoalbuminemia
to the outcome of COVID-19. A previous study by Aziz et al. showed
similar findingehypoalbuminemia was associated with more severe
COVID-19 outcome (OR 12.6, 95% CI 7.5e21.1) [32]. The strength of
the association between previous study and this present study is
caused by the greater number of included studies in this present
meta-analysis.

Low albumin serum level was associated with six-fold increase
in poor outcome in COVID-19 patients compared with patients
without hypoalbuminemia. Previous studies showed comorbidities
like hypertension, diabetes mellitus, chronic kidney disease, liver
disease, and malignancy were associated with declined serum al-
bumin levels [33e36]. Also, other studies showed that the
ty and specificity.



Fig. 5. Summary receiver operating characteristics (SROC).

Fig. 6. Fagan's nomogram.
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relationship between albumin serum levels and COVID-19 out-
comes varies with age and gender [10,37]. In the present study,
meta-regression analyses indicate that age, gender, hypertension,
diabetes, kidney disease, liver disease, and malignancy did not in-
fluence the association between low-albumin level and COVID-19
outcomes. These results emphasize that those abovementioned
factors did not significantly impact the association of hypo-
albuminemia and disease outcomes. In addition, the difference
between regression analyses on age may be due to different types
of data used in the previous studyecontinuous variable and the
present studyecategorical variable. Other important factors such as
heart failure and chronic obstructive pulmonary disease were not
included due to insufficient number of studies that reported those
characteristics [38,39].

Hypoalbuminemia has 81% of specificity and 63% of positive
probability of poor outcome with 41% pre-test probability of poor
outcome. The sensitivity was low (63%) and therefore, hypo-
albuminemia in COVID-19 is better to be implemented to rule in the
125
risk of poor outcomes rather than ruling it out. With the level of
heterogeneity in our results, it is likely due to different cut-off
points, diagnostic tools, and quantification methods used among
studies that explain the high heterogeneity of the results [40].
Subsequently, publication bias was also noted in this study as the
funnel plot showed a slightly asymmetrical. Trim-and-fill analysis
was performed, and it shows a reduced effect estimate without
altering its significance after 10 imputed studies were included.
Therefore, the prognostic performance will not be affected by the
inclusion of additional studies.

Several studies have investigated hypoalbuminemia in COVID-
19 patients. Although the specific mechanism that explains the
relationship between albumin level and COVID-19 remains elusive,
albumin is notable to play an important role in homeostasis. It
functions as molecular transport and binder, free radical scavenger,
platelet function inhibitor, and tomaintain colloid osmotic pressure
and its effects on vascular permeability [7,41,42]. The underlying
mechanisms of how hypoalbuminemia correlates with more severe
COVID-19 cases was thought to be associated with inflammatory
conditions. This will lead to an increased in vascular permeability
and shortened the half-life of the albumin. Viral infection stimu-
lates inflammatory cytokines that will result in an increase in
vascular permeability. Recent studies suggest that the resulting
hypoalbuminemia may also be caused by capillary leak
syndromeewhich occurs due to epithelial-endothelial barrier
injury of the alveolar epithelium as a result of direct viral effects
and hypoxemia [43e46]. This shiftingeof intravascular fluids to the
extravascular space may signify the correlation between albumin
level and COVID-19 severity. Additionally, in a hyperinflammatory
state, albumin mass will be significantly reduced as a consequence
of shorter albumin half-life due to rapid liver and proliferating cells
intracellular breakdowns of the albumin [36,43]. Taken together,
the more severe the disease, the higher inflammatory reaction
robustness yielding to a greater decline in serum albumin level
which correlates with poor disease outcome.

The main limitation of this present study is due to retrospective
studies that have a higher risk of bias. In addition, the number of
studies on each cut-off value was insufficient to implement sub-
group analysis based on cut-off value. The variability of the value
may also cause high heterogeneity of the results. Other important
factors such as heart failure, chronic obstructive pulmonary dis-
ease, and patients’ sociodemographic(10) were not included in the
regression analysis due to an insufficient amount of reported var-
iables. Further studies using a single cut-off value or analysis with
multiple cut-off values are suggested.
5. Conclusion

This study shows that hypoalbuminemia was associated with
poor outcomes in patients with COVID-19 and did not vary with
age, male gender, hypertension, diabetes, chronic kidney disease,
liver disease, and malignancy. Pooled diagnostic analysis indicates
sensitivity of 63% and specificity of 81%.
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