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Abstract
Background: Hypoalbuminemia is frequently observed in patients with SARS-CoV-2
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Methods: We retrospectively evaluated in patients with COVID-19 hospitalised at
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come still need to be clarified.
the Fatebenefratelli-Sacco Hospital in Milan, the prevalence of hypoalbuminemia,
its association with the severity of COVID-19, with the levels of C-reactive protein,
d-dimer and interleukin-6 and with clinical outcome over a follow-up period of
30 days. Urinalysis was evaluated in a subgroup of patients.
Results: Serum albumin levels <30 g/L were found in 105/207 (50.7%) patients at
hospital admission. Overall, the median albumin value was 29.5 g/L (IQR 25-32.8).
A negative association was found between albumin levels and severity of COVID-19
(P < .0001) and death (P = .003). An inverse correlation was observed between
albumin and both C-reactive protein and D-dimer at hospital admission (r = −.487 and
r = −.479, respectively; P < .0001). Finally, a positive correlation was found between
albumin levels and eGFR (r = .137; P = .049). Proteinuria was observed in 75% of patients with available data and it did not differ between patients with hypoalbuminemia and those with albumin ≥30 g/L (81% and 67%, respectively; P = .09).
Conclusion: In patients with COVID-19, hypoalbuminemia is common and observed
in quite an early stage of pulmonary disease. It is strictly associated with inflammation markers and clinical outcome. The common finding of proteinuria, even in the
absence of creatinine increase, indicates protein loss as a possible biomarker of local
and systemic inflammation worthwhile to evaluate disease severity in COVID-19.

1 | I NTRO D U C TI O N

We retrospectively evaluated in our cohort of patients with
COVID-19 hospitalised at the Infectious Disease Ward (IDW) or in-

Hypoalbuminemia (<32 g/L) is amongst the most frequently observed

tensive care unit (ICU) of Fatebenefratelli-Sacco Hospital in Milan,

laboratory abnormalities in patients with SARS-CoV-2 infection1-4

the prevalence of hypoalbuminemia and its association with the

1,2

and it was more pronounced in severe than mild-moderate cases.

severity of COVID-19, the levels of C-reactive protein, d-dimer and

The underlying mechanism of hypoalbuminemia and its relationship

interleukin-6 levels and the clinical outcome over a follow-up period

with respiratory failure and clinical outcome still needs to be clarified.

of 30 days.
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2 | PATI E NT S A N D M E TH O DS
The following data were retrieved from clinical charts at presentation: demographic data, concomitant diseases, severity of clinical presentation, fraction of inspired oxygen (FiO2), peripheral
oxygen saturations, serum albumin levels, serum creatinine, levels
of D-dimer and C-reactive protein (CRP), serum interleukin-6 (IL-6).
Estimated glomerular filtration rate (eGFR) was calculated with the
Modification of Diet in Renal Disease Study (MDRD) equation.5 For
those patients with available urinalysis, data on proteinuria, hematuria and urine leukocytes were collected. Serum albumin measurements were available for all the patients at three time-points within
the first week of hospitalisation (admission, at day 3 and day 7 from
admission) and were registered. The patients with a history of kidney
diseases were excluded from this study.
According to the Chinese Guidelines for the Diagnosis and
Treatment of Novel Coronavirus (2019-nCoV) Infection, the severity of SARS-CoV-2 disease was classified into four grades: (a)

What’s known
• Hypoalbuminemia has been frequently observed in patients with SARS-CoV-2 infection.
• Its relationship with the clinical outcome still needs to be
clarified.

What’s new
• We provide evidence on a strong association between
hypoalbuminemia inflammation markers and clinical
outcome. Proteinuria is underreported in SARS-CoV-2
infection; we report it to be a common finding in patients with COVID-19, possibly sustained by systemic
and renal endothelial leakage.
• Protein loss might represent a possible biomarker of
local and systemic inflammation worthwhile to evaluate
disease severity in COVID-19.

mild, with slight clinical symptoms and no evidence of pneumonia;
(b) moderate, with fever, respiratory symptoms and confirmed
pneumonia; (c) severe, with any of the following: respiratory dis-

following: respiratory failure needing mechanical ventilation,

tress with RR > 30 times/minutes, oxygen saturation at rest <93%

shock, or a combination of other organ failures requiring inten-

or PaO2/FiO2 < 300 mmHg; (d) critically severe, with any of the
TA B L E 1

sive care. 6

Characteristics of the study population

Characteristic
Male gender, n (%)
Age, median y (IQR)

Total (n = 207)
142 (68.6)
60.90 (49.17-71.29)

Albumin < 30 g/L (n = 105)
71 (67.6)
68.13 (59.43-75.16)

Albumin ≥ 30 g/L (n = 102)
71 (69.6)
55.59 (44.55-64.10)

P value
.765
<.001

Comorbidities
Hypertension, n (%)

71 (34.3)

46 (43.8)

25 (24.5)

.003

Diabetes, n (%)

28 (13.5)

18 (17.1)

10 ( 9.8)

.155

Disease severity, n (%)
Mild
Moderate
Severe
Critically severe

30 (14.5)

5 ( 4.8)

25 (24.5)

100 (48.3)

39 (37.1)

61 (59.8)

72 (34.8)

56 (53.3)

16 (15.7)

5 (2.4)

5 (4.8)

0 (0.0)

89 (43.0)

24 (22.9)

65 (63.7)
21 (20.6)

<.001

Oxygen support therapy, n (%)
None
Nasal cannula

41 (19.8)

20 (19)

Venturi-type mask

46 (22.2)

38 (36.2)

8 ( 7.8)

C-PAP

26 (12.6)

18 (17.1)

8 ( 7.8)

5 (2.4)

5 (4.8)

0 (0.0)

Invasive ventilation
Creatinine, mg/dL, median (IQR)
eGFRMDRDa , median (IQR)
C-reactive protein, mg/L, median (IQR)
D-dimer, µg/L, median (IQR)
Interlukin-6, pg/mL, median (IQR)

0.93 (0.77-1.10)
83.01 (69.00-96.74)
47.60 (19.00-113.00)

94.70 (41.00-161.60)

935.50 (528.50-1972.25)

1229.00 (919.25-3017.00)

69.00 (42.50-142.75)

75.50 (48.25-140.25)

Abbreviation: C-PAP, continuous positive airway pressure.
Statistically significant P values are reported in bold.
a

eGFRMDRD (mL/min/1.73 m2).

0.98 (0.77-1.14)
78.62 (65.66-96.46)

<.001

0.93 (0.78-1.08)

.433

85.89 (73.61-96.78)

.076

27.30 (10.08-54.35)

<.001

617.00 (385.25-1054.25)
57.50 (38.75-148.00)

<.001
.437
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F I G U R E 1 Serum albumin levels
at hospital admission in patients with
COVID-19 pneumonia according with
disease severity (A) and according with
clinical outcome (B)

(A)

2.1 | Statistical analysis

3 of 5

(B)

(A)

Continuous variables were expressed as medians and interquartile range (IQR) and were compared using nonparametric tests
(Wilcoxon's rank-sum or Kruskal-Wallis test). For the categorical
variables, the χ2 test was used, or Fisher's exact test when needed.
Non-parametric analysis of the correlation between serum albumin levels and C-reactive protein, d-dimer, interleukin-6 and eGFR
was assessed by Spearman's rank correlation coefficient rs.

3 | R E S U LT S

(B)

Two hundred and twenty-two consecutive patients with confirmed
COVID-19 with a 30 days follow-up were evaluated. Fifteen subjects were excluded from further analyses because of pre-existing
kidney disease. The characteristics of the 207 patients enrolled
are reported in Table 1. Serum albumin levels <30 g/L were found
in 105 (50.7%) patients at hospital admission. Overall, the median
albumin value was 29.5 g/L (IQR 25-32.8): 33 g/L (31-37) in patients with albumin ≥30 and 25 g/L (23-27) in those with albumin <30 g/L. By the comparison of patients with serum albumin
≥30 g/L or < 30 g/L, the latter were older, more frequently affected by arterial hypertension and showed a more serious fea-

(C)

ture of COVID-19, with higher need for oxygen support and higher
inflammatory markers.
A negative association was found between albumin levels and
severity of COVID-19 disease (P < .0001) and death (P = .003), see
Figure 1.
A significant inverse correlation was observed between albumin and both CRP and D-dimer values at hospital admission by the
Spearman coefficient correlation (rs = −.487 and rs = −.479, respectively; P < .0001), while the correlation between albumin levels and
IL-6 showed a non-significant trend (rs = −.215; P = .066) (Figure 2).
Finally, a positive correlation was found between albumin levels
and eGFR (rs = .184; P = .008) (Figure 3).
Over a 7-days observation from hospitalisation, albumin levels
were stable in patients with an improving clinical course over the

F I G U R E 2 Spearman coefficient correlation between serum
albumin at admission and C-reactive protein (A) levels, D-dimer
levels (B) and serum IL-6 levels (C) at hospital admission in patients
with COVID-19 pneumonia
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follow-up, while a persistent decrease occurred in patients eventu-

the disease severity and death strongly correlate with low levels of

ally undergoing mechanical ventilation or death (medians of delta

serum albumin at admission. Furthermore, we observed a negative

albumin 0 g/L and −9 g/L, respectively; P = .001) (Figure 4).

association between albumin levels and inflammation markers (CRP

A complete urine examination was available for 136 of 207 pa-

and D-dimer).

tients. Proteinuria was observed in 102 (75%) patients, with a pro-

Several pathogenic mechanisms may be implicated in the de-

tein loss in the order of 50 mg/dL in 63% and of 100 mg/dL in 12%.

creased serum albumin of patients with COVID-19. (a) transcap-

Proteinuria did not significantly differ between patients with hypo-

illary leakage: under inflammatory conditions the physiological

albuminemia and those with albumin ≥30 g/L (81% and 67%, respec-

trancapillary escape rate of albumin may increase of several fold

tively; P = .09).

as observed in acute respiratory distress syndrome (ARDS) and

Twenty-five patients (18%) presented mild hematuria (between

sepsis, possibly mediated by interleukin-2, interferon-α and inter-

0.5-1 mg/dL), while leukocyturia was present in 23 patients (17%) at

leukin-6. This disruption of endothelial integrity leads to albumin

the following extent: 25 leukocytes/μL in 11 (8%), 50-75 leukocytes/μL

leakage into the pulmonary interstitium where the protein con-

in 5 (3.6%), 250 leukocytes/μL in 4 (3%) and 500 leukocytes/μL in

centration increases from less than 40% to more than 60% of

3 (2.2%).

the plasma value. Consequently, serum albumin concentration
decreases in many critically ill patients.9-11 (b) Besides pulmonary
sequester, sepsis is also associated with the disruption of the glo-
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merular filtration barrier which leads to increased permeability
to albumin and its leakage into urine.12 (c) Histopathological ex-

Several papers have described hypoalbuminemia in patients with

amination of kidney from autopsy samples demonstrated tubular

COVID-19.1-4 However, the underlying mechanisms have not been

necrosis, luminal loss of brush border and vacuole degeneration

clarified, yet. Here, we report the prevalence of hypoalbuminemia in

which may be partially caused by the direct cytopathic effect

a cohort of 207 patients with COVID-19 and its relationship with dis-

of SARS-CoV-2, which particles were found in proximal tubular

ease severity and clinical outcome. As previously demonstrated,7,8

epithelium.13
COVID-19 severe infection is characterised by a high cytokine
release with a hyperinflammatory state that can induce endothelial
damage even before the onset of a definite ARDS.1,14 In our cohort
of patients with COVID-19, low levels of serum albumin were very
common and were observed in quite an early stage of pulmonary
disease. Indeed, 41.9% of hypoalbuminemic patients at hospital
admission were on none or mild oxygen support (nasal cannula)
and did not fulfill the diagnostic criteria of ARDS.15 In a recent
remarkable paper, high renal tropism of SARS-CoV-2 was demonstrated and it was suggested as a possible explanation of kidney
injury even in patients with mild COVID-19 infection.16 However,
we confirmed here a strong association of hypoalbuminemia with
respiratory impairment and disease severity as well as with inflammatory state.

F I G U R E 3 Spearman coefficient correlation between serum
albumin and eGFR (MDRD) at hospital admission in patients with
COVID-19 pneumonia

(A)

As far as urinalysis is concerned, a mild to moderate proteinuria
was frequently observed in our cohort, independently from the
level or serum albumin levels, thus reinforcing the hypothesis of a

(B)

F I G U R E 4 Median (IQR) serum
albumin values at admission, day 3 and
day 7 of hospitalisation in the whole
cohort (A) and stratified by clinical
outcome (B). Medians of delta albumin:
P = .001
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systemic endothelial leakage rather than a prevailing renal tubular
damage. This is also supported by the observation of a low rate and
mild extent of hematuria and leukocyturia.
The main limitation of the study is represented by the lack of
urinalysis in a number of patients and the unavailability of a 24-hour
urine collection that could have allowed a more accurate definition
of proteinuria. In addition, we could not evaluate an appropriate
trend of serum albumin on a long follow-up period because of the
retrospective nature of our study that did not allow a systematic approach to the timing of laboratory markers.
In summary, hypoalbuminemia is common amongst COVID-19
patients and is strictly associated with inflammation markers and
clinical outcome. The common finding of proteinuria, even in the
absence of creatinine increase, indicates protein loss as a possible
biomarker of local and systemic inflammation worthwhile to evaluate disease severity in COVID-19.
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