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Abstract: Low serum albumin (SA) correlates with mortality in critically ill patients, including those
with COVID-19. We aimed to identify SA thresholds to predict the risk of longer hospital stay,
severe respiratory failure, and death in hospitalized adult patients with COVID-19 pneumonia. A
prospective longitudinal study was conducted at the Infectious Diseases Unit of Trieste University
Hospital (Italy) between March 2020 and June 2021. The evaluated outcomes were: (1) need of
invasive mechanical ventilation (IMV); (2) length of hospital stay (LOS); and (3) 90-day mortality rate.
We enrolled 864 patients. Hypoalbuminemia (<3.5 g/dL) was detected in 586 patients (67.8%). SA
on admission was significantly lower in patients who underwent IMV (2.9 vs. 3.4 g/dL; p < 0.001).
The optimal SA cutoff predicting the need of IMV was 3.17 g/dL (AUC 0.688; 95% CI: 0.618–0.759;
p < 0.001) and this threshold appeared as an independent risk factor for the risk of IMV in multivariate
Cox regression analysis. The median LOS was 12 days and a higher SA was predictive for a shorter
LOS (p < 0.001). The overall 90-day mortality rate was 15%. SA was significantly lower in patients
who died within 90 days from hospital admission (3.1 g/dL; IQR 2.8–3.4; p < 0.001) as compared
to those who survived (3.4 g/dL; IQR 3.1–3.7). The optimal SA threshold predicting high risk of
90-day mortality was 3.23 g/dL (AUC 0.678; 95% CI: 0.629–0.734; p < 0.001). In a multivariate Cox
regression analysis, SA of <3.23 g/dL appeared to be an independent risk factor for 90-day mortality.
Our results suggest that low SA on admission may identify patients with COVID-19 pneumonia at
higher risk of severe respiratory failure, death, and longer LOS. Clinicians could consider 3.2 g/dL as
a prognostic threshold for both IMV and mortality in hospitalized COVID-19 patients.

Keywords: serum albumin; hypoalbuminemia; SARS-CoV-2; COVID-19; mortality; invasive mechan-
ical ventilation; length of hospital stay; respiratory failure

1. Introduction

On 11 March 2020, World Health Organization (WHO) declared Coronavirus Disease
19 (COVID-19) a pandemic [1]. COVID-19 is caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), a positive-sense single-stranded RNA virus, member of
Coronaviridae family, genera Betacoronavirus, first identified on 9 January 2020 in Wuhan,
China [2]. Most patients with COVID-19 have mild disease with fever, dry cough, and
fatigue. Many infections are asymptomatic, particularly in children and young adults.
Older people and/or people with co-morbidities are at higher risk of severe pneumonia,
respiratory failure, and death [2]. Since the beginning of the pandemic, scientists’ efforts
were focused on identifying COVID-19 risks and prognostic factors [3]. In critical illness,
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such as sepsis or trauma, low serum albumin (SA) concentrations have been associated
with poor outcomes [4,5].

Albumin is the most abundant circulating protein in the plasma. It is synthesized
by hepatocytes and rapidly excreted into the bloodstream, where it carries out several
functions including the modulation of plasma oncotic pressure and the transport of en-
dogenous and exogenous ligands such as drugs [6,7]. Hypoalbuminemia may be the
result of decreased production of SA (for example in cirrhosis), of increased loss of SA via
the kidneys, gastrointestinal tract, skin, or extravascular space (for example in acute and
chronic inflammation), of increased catabolism of SA, or, more often, a combination of these
mechanisms [8]. The severity of hypoalbuminemia reflects the severity of both acute and
chronic inflammation. Moreover, hypoalbuminemia is associated with the acquisition and
severity of infectious diseases [9].

The association between SA levels and disease severity and mortality has been in-
vestigated also in COVID-19 patients. Huang et al., for the first time, found out that
hypoalbuminemia may be an independent predictor of mortality in COVID-19 hospitalized
patients [10]. Similarly, Kheir et al., in a retrospective study including hospitalized patients
with SARS-CoV-2 pneumonia, observed that higher albumin levels on admission were asso-
ciated with significantly fewer adverse outcomes, including venous thromboembolism, the
development of acute respiratory distress syndrome, intensive care unit (ICU) admissions,
and readmissions within 90 days [11]. Recently, a meta-analysis of Soetedjo et al. confirmed
the association between hypoalbuminemia and poor prognosis in COVID-19 patients [12].

The aim of our study was to identify, through a cohort prospective observational study,
SA thresholds to predict the need of invasive mechanical ventilation (IMV), the risk of
longer hospital stay, and the risk of death in hospitalized adult patients with COVID-19
pneumonia.

2. Materials and Methods
2.1. Study Design and Population

A prospective longitudinal cohort study was carried out at Trieste University hospital,
Italy. All adult patients (aged > 18 years) consecutively admitted to the Infectious Diseases
Unit from March 2020 to June 2021 were considered for inclusion if affected by COVID-19
pneumonia. Diagnosis of COVID-19 pneumonia included a Nucleic Acid Amplification
Test positive for SARS-CoV-2 and radiographic findings suggestive of pneumonia. Patients
without SA determination at hospital admission and those who refused to participate were
excluded from the study.

2.2. Data Collection

Demographics and clinical data were collected on admission. Hypertension, heart
disease, diabetes, obesity, and metastatic cancer were considered as potential risk factors
for a poor prognosis [13]. A body mass index (BMI) threshold of ≥30 kg/m2 was selected
to identify subjects with obesity.

The following laboratory tests were performed on hospital admission: C-reactive
protein (CRP), D-dimer, white blood cell count, and SA.

Hypoalbuminemia was defined as a SA < 3.5 g/dL, based on the hospital laboratory
indications.

2.3. Study Endpoints

The performance of SA in predicting subjects at risk of having a poor outcome was
investigated in order to identify the SA cut off able to better predict a patient’s prognosis
since hospital admission. Moreover, the predictive power of the identified SA thresholds
was tested via multivariable models including relevant variables independently associated
with each explored outcome.
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2.4. Study Outcomes

Patients were followed up to 90 days after hospital admission. The evaluated outcomes
were: (1) need of IMV; (2) hospital length of stay (LOS); and (3) 90-day mortality rate. The
need for IMV was considered as a proxy of the most severe respiratory condition. Since
the decision to intubate a patient may have been influenced by contingent conditions, such
as the limitation of the available resources (e.g., ICU beds or ventilators) or by prognostic
factors, the lowest PaO2/FiO2 ratio (the ratio of arterial oxygen partial pressure to fractional
inspired oxygen) documented during the hospital stay was recorded and a PaO2/FiO2
ratio < 100 was considered as a secondary criterion to identify subjects with the most severe
respiratory condition. Mortality was defined as death from any cause within 90-days from
hospital admission, either if occurred during hospitalization or after hospital discharge.
The dates of patient’s death were gathered from the electronic mortality register.

2.5. Data Analysis

Based on a preliminary analysis on the first 50 enrolled patients, a prevalence of
hypoalbuminemia of almost 50% was documented according to the laboratory threshold
(3.5 g/dL). A minimum required sample size of 774 patients was calculated a priori as-
suming a prevalence of hypoalbuminemia 10% lower based on the identified new risk
thresholds. This sample size enabled a type-I probability error of 5% and a desired statistical
power of 80%.

The continuous variables were displayed as medians and interquartile ranges (IQRs).
Unadjusted comparisons between the groups were analyzed via nonparametric Mann-
Whitney’s U test for independent samples or Kruskal-Wallis test adjusted by the Bonferroni
correction for multiple pairwise comparisons, as appropriate. The nominal variables were
presented as numbers and percentages and the comparisons were performed via a χ test.

The performance of SA was tested by calculating the area under the curve (AUC).
Youden’s J statistic was used to identify the optimal cut off values; the positive and negative
predictive values (PPV and NPV, respectively) with relative 95% confidence intervals (CI)
were calculated as well. The so-identified SA cutoffs were tested by applying ‘time-to-event’
analysis to identify patients with longer and those with shorter intervals between hospital
admission and either the start of IMV or death. Comparisons were performed by fitting
multivariable Cox proportional-hazards models with forward stepwise selection, controlled
for age, sex and the relevant comorbid conditions. Results were reported as hazard ratios
(HRs) with relative 95% CI and p-values (and with the respective Kaplan-Meier curves as
well). Observations were right-censored after 30- and 90-days of observation for IMV and
mortality analyses, respectively (known survival). Moreover, multiple linear regression
and logistic regression models were used to examine the independent association between
SA levels and the hospital LOS and PaO2/FiO2 ratio < 100, respectively.

All statistical analyses were performed using the software IBM SPSS Statistics, version
24.0 (New York, NY, USA: IBM Corp.), and an alpha level of p < 0.05 was considered
statistically significant.

3. Results

During the study period, a total of 864 patients diagnosed with COVID-19 pneumonia
were enrolled. The main characteristics of the enrolled patients are described in Table 1.
Almost a quarter of patients were obese, and more than half suffered from hypertension.
Hypoalbuminemia (SA < 3.5 g/dL) was detected in 586 patients (67.8%). The interval
between symptoms onset and hospitalization did not differ between patients presenting
hypoalbuminemia at hospital admission or not (respectively, 7.0 days, IQR 3.0–9.0, vs.
7.0 days, IQR 3.0–10.0; p = 0.765).
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Table 1. Main characteristics of the study population at hospital admission.

Sex (n, male) 584 (67.6%)
Age (years) 66.0; 55.0–76.5

Body Mass Index 26.1; 23.9–29.4
<20 kg/m2 32 (3.7%)

20–29 kg/m2 633 (73.3%)
≥30 kg/m2 199 (23.0%)

Laboratory tests
Total white blood cells × 103/µL 7.6; 5.4–10.5

Neutrophils × 103/µL 6.3; 4.2–9.1
Monocytes × 103/µL 0.4; 0.3–0.6

Lymphocytes × 103/µL 0.7; 0.5–1.0
Eosinophils × 103/µL 0.0; 0.0–0.0

Platelets × 103/µL 216.0; 164.0–288.0
Serum C-reactive protein (mg/L) 76.0; 31.0–130.0

Serum d-dimer (ng/mL FEU) 962.0; 625.0–1544.0
Serum albumin (g/dL) 3.3; 3.0–3.6

Past medical history
Hypertension (n) 441 (51.0%)
Heart disease (n) 229 (26.5%)

Diabetes (n) 196 (22.7%)
Metastatic cancer (n) 15 (1.7%)

3.1. Albumin and Severity of Respiratory Failure

Most patients (n = 479; 55.4%) received oxygen therapy via a Venturi mask or high-flow
nasal cannula (HFNC). Non invasive ventilation (NIV) was started in 352 patients (40.7%);
41 of them (11.6%) were subsequently intubated and underwent IMV. Thirty-three (3.8%)
patients started IMV upon hospital admission. In total 74 patients (8.6%) underwent IMV.
A PaO2/FiO2 ratio of <100 was documented in 383 patients (44.3%).

In the bivariate analysis, SA on admission showed a level of decrease in parallel with
the increase in the respiratory oxygen/support needed (Venturi mask→ HFNC→ NIV→
IMV). Compared to patients receiving Venturi mask/HFNC (SA 3.4 g/dL; IQR 3.2–3.7), SA
levels were significantly lower in all pairwise comparisons, being the lowest in patients
who needed IMV (2.9 g/dL; IQR 2.5–3.2) (Figure 1a).

The optimal SA cutoff separating patients who underwent IMV from those who did
not was 3.17 g/dL (AUC 0.688; 95% CI: 0.618–0.759; p < 0.001), with a PPV of 15.5% (95% CI:
13.1–18.1%) and a NPV of 95.5% (95% CI: 93.9–96.7%). After applying a multivariate Cox
regression analysis, SA < 3.17 g/dL at hospital admission appeared as an independent risk
factor for the need of IMV (HR 3.714; 95% CI: 2.290–6.023; p < 0.001) (Figure 2a). Among
the explored covariates, only male gender (HR 2.114, 1.180–3.786, p = 0.012) showed a
statistically significant association with the risk of IMV in the final regression model.

SA concentration showed a statistically significant (p < 0.001) decrease concordantly
with the categories of decreasing PaO2/FiO2 ratio. Compared to patients with a PaO2/FiO2
ratio of >300 (SA 3.6 g/dL; IQR 3.3–3.9), SA levels were significantly lower (p < 0.001) in
all pairwise comparisons, being the lowest in patients showing a critical PaO2/FiO2 ratio
of < 100 during their hospital stay (3.2 g/dL; IQR 2.9–3.4) (Figure 1b). An optimal cutoff
of 3.27 g/dL was identified to identify patients at risk for a PaO2/FiO2 ratio < 100 (AUC
0.694; 95% CI 0.658–0.729; p < 0.001). The identified cutoff of <3.27 g/dL confirmed its
independent predictive power in a multiple logistic regression model applied to ascertain
the effects of the study variables on the risk of reaching a PaO2/FiO2 ratio of <100 (Table 2).
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Figure 1. Differences among study subgroups according to serum albumin level at hospital admission:
(a) higher level of breathing support; (b) lower P/F ratio; and (c) 90-day mortality. Black horizontal
line inside the boxes: median. Boxes height: IQR. Whiskers: 1.5 × IQR. Small circles: outliers. Stars:
extreme values. Small-dashed lines: serum albumin laboratory normal threshold. Large-dashed lines:
serum albumin best cutoff values. HFNC: high-flow nasal cannulae. NIV: non-invasive mechanical
ventilation. IMV: invasive mechanical ventilation.

3.2. Albumin and Hospital LOS

Overall, the median hospital LOS was 12 days (IQR 7–22 days) and was higher
(p = 0.043) in patients who died before hospital discharge (n = 122; 16.0 days; IQR 8.0–
25.5) as compared to those who were discharged alive (n = 775; 12.0 days; IQR 7.0–21.0).
In a multiple linear regression model devised to determine the explanatory factors for
the hospital LOS, a higher SA level appeared to be predictive of a shorter hospital LOS
(β = −0.210; p < 0.001) (Table 3). Similar results were obtained after excluding subjects
deceased before hospital discharge (β = −0.218; p < 0.001).
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Table 2. Logistic regression analysis on independent predictor for PaO2/FiO2 < 100.

Predictor OR (95% CI); p-Value

Serum albumin < 3.27 g/dL 3.013 (2.237–4.058); <0.001

Age > 65 years 1.730 (1.265–2.365); 0.001

BMI ≥ 30 kg/m2 1.688 (1.188–2.400); 0.003
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Table 3. Multiple linear regression analysis on independent predictors of hospital length of stay.

Predictor β-Value; p-Value

Serum albumin (g/dL) −0.210; <0.001

Diabetes 0.127; <0.001

Hypertension 0.113; 0.001

Age > 65 years 0.098; 0.006

Predictors excluded by the final model: sex, BMI ≥ 30 kg/m2, heart disease, and metastatic cancer.

3.3. Albumin and 90-Day Mortality

At 90-day follow-up, the overall mortality rate was 14.9% (n = 134). SA was sig-
nificantly lower (p < 0.001) in patients who had died by day 90 from hospital admis-
sion (3.1 g/dL; IQR 2.8–3.4) as compared to those who survived (3.4 g/dL; IQR 3.1–3.7)
(Figure 1c). The optimal SA cutoff that separates patients deceased from those who sur-
vived within 90 days was 3.23 g/dL (AUC 0.678; 95% CI: 0.629–0.727; p < 0.001), with a PPV
of 22.2% (95% CI: 19.5–25.2%), and a NPV of 90.4% (95% CI: 88.3–92.2%). In a multivariate
Cox regression analysis, a SA of <3.23 g/dL appeared to be an independent risk factor
for 90-day mortality (HR 1.478; 95% CI: 1.021–2.138; p = 0.038) (Figure 2b). In the final
regression model, also age > 65 years (HR 6.396; 95% CI: 3.508–11.663; p < 0.001), metastatic
cancer (HR 2.816; 1.356–5.850; p = 0.005), heart disease (HR 1.638; 95% CI: 1.132–2.370;
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p = 0.009), and hypertension (HR 1.550; 95% CI: 1.018–2.361; p = 0.041) showed a statistically
significant association with 90-day mortality.

4. Discussion

Our study confirms that hypoalbuminemia is strongly associated with poor outcomes
in hospitalized COVID-19 patients with pneumonia. In the study population, hypoalbu-
minemia at hospital admission was found predictive for higher risk of IMV, longer hospital
LOS, and higher 90-day mortality rate.

The purpose of our study was to identify different SA thresholds in predicting the risk
of severe respiratory failure, a longer hospital stay, and the risk of death in hospitalized
adult patients with COVID-19 pneumonia. Qian et al. found out that 2.45 g/dL was an
optimal cut off value to define hypoalbuminemia and to predict outcomes in patients with
septic shock [14]. To the best of our knowledge, a universal and well-recognized cut off
for hypoalbuminemia is lacking. One of the main limitations of the recently published
meta-analysis about hypoalbuminemia in COVID-19 is the high variability of values used
for defining low SA concentration [12], preventing subgroup analysis based on the cut
off value. The added value of our study consists in the identification of thresholds for
established outcomes, in order to obtain a higher sensitivity for SA levels. We identified
specific SA thresholds for both the risk of severe respiratory failure (3.17 g/dL) and for
90-day risk of death (3.23 g/dL) with high NPV (96% and 90%, respectively). This means
that subjects presenting with SA exceeding these thresholds at hospital admission had a
low risk of experiencing severe respiratory failure during hospital stay (<4%) and of dying
within 90 days (<10%).

In multivariate analyses, the risk of undergoing IMV or to die by 90 days was 3.7 and
1.5 times higher, respectively, for patients with SA below the identified threshold compared
to subjects with higher SA levels, independently from age, sex, and relevant comorbidities.
Predictably, when considering the identified and more specific risk thresholds, the preva-
lence of hypoalbuminemia on admission dropped from 68%—based on a 3.5 cut off—to
36–41%. These findings may have relevant implications in daily clinical practice and can be
helpful to establish clinical priorities, intensity of care and resources allocation.

The underlying mechanisms by which low SA correlates with poor outcomes in
COVID-19 are not fully understood. However, various considerations can be noted. From
a pathogenetic point of view, endothelial dysfunction plays an important role in COVID-
19 [15]. Endothelial dysfunction is the result of several mechanisms, including reaction to
SARS-CoV-2, as well as to hypoxia, activation and recruitment of immune cells with the
production of inflammatory mediators. This process leads to the loss of integrity of the
epithelial–endothelial barrier, to the passage of fluids and proteins, including SA, from
the intravascular to the extravascular compartments, contributing to hypoalbuminemia.
Therefore, hypoalbuminemia may serve as a severity marker of epithelial–endothelial
damage in patients with COVID-19 [16].

Neutrophil extracellular traps (NETs) are important mediators of tissue damage in
inflammatory diseases, also in COVID-19 [17]. SA is known to inhibit NETs formation [18]
and this may contribute to explain why patients with hypoalbuminemia have a higher risk
of severe respiratory failure and death.

Moreover, it is important to mention the anticoagulant action of SA [19]. Low SA
levels might, indeed, contribute to thrombotic events, also in COVID-19 patients, where
a procoagulant inflammatory activation exists [11]. Menichelli et al. conducted a meta-
regression analysis that confirmed an association with COVID-19 severity and elevated
D-Dimer and low SA [20].

We assessed SA only at hospital admission. Only a few studies measured SA as
well during the hospital stay. Two different retrospective observational studies found
out that SA levels decreased during hospitalization. Both demonstrated that a reduction
of SA concentration could be a predictor for death or progression in COVID-19 patients
with hypoalbuminemia [21,22], whereas other studies observed that the normalization
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of SA may be also associated with a good prognosis [23]. Ali et al. demonstrated that
hypoalbuminemia may persist post recovery in patients with a history of severe COVID-
19 [24]. These studies confirm the prognostic role on SA in COVID-19.

Our work has some limitations that deserve to be considered when interpreting
the results. Firstly, it is a monocentric observational study, and our findings cannot be
generalized. Secondly, we assessed SA levels at hospital admission, regardless of when
the symptoms started. Thirdly, other co-infections, also associated with hypoalbuminemia,
were not adjusted for in this study, due to the lack of complete data.

The relationship between low SA levels and poor outcomes may have a strong patho-
physiologic rationale. Our study demonstrates that low SA at hospital admission may
identify patients with COVID-19 pneumonia at higher risk of severe respiratory failure,
death, and longer LOS.

5. Conclusions

Our study confirms that hypoalbuminemia at hospital admission may identify patients
with COVID-19 pneumonia at higher risk of severe respiratory failure, death, and longer
LOS. SA level of 3.2 g/dL was identified as the better cut off value to recognize patients at
risk for severe respiratory failure (IMV) and 90-day mortality.
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