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ABSTRACT:

Background: The COVID-19 pandemic presents significant challenges to healthcare systems
worldwide, necessitating a comprehensive understanding of factors influencing disease prognosis.
Hypoalbuminemia, characterized by low serum albumin levels, has emerged as a noteworthy feature
in severe COVID-19 cases and may have prognostic value.

Methodology: This retrospective cohort study analyzed data from 109 adult COVID-19 patients to
investigate the relationship between hypoalbuminemia as a predictor of disease outcomes. Relevant
clinical and laboratory data were collected, and statistical analyses were conducted to explore
associations.

Results: Non-survivors were significantly older and more likely to be admitted to the ICU,
presenting higher rates of comorbidities, lymphopenia, and abnormalities in various blood
parameters. Hypoalbuminemia correlated with older age, increased ICU admissions, elevated
mortality rates, higher neutrophil-to-lymphocyte ratios, and greater inflammation markers. Dyspnea
was more frequent in the hypoalbuminemia group. These findings offer insights into identifying
individuals at higher risk for adverse outcomes due to hypoalbuminemia in COVID-19.

Conclusion: Our study found a significant and independent relationship between low serum
albumin levels at the initial presentation and the mortality risk in COVID-19 patients. These results
indicate the importance of monitoring and addressing hypoalbuminemia as a possible prognostic
marker in managing COVID-19. Early detection and intervention in patients with low albumin
levels can contribute to better outcomes.

Keywords: COVID-19, hypoalbuminemia, serum albumin, prognosis, mortality, ICU,
lymphopenia, inflammation markers,
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INTRODUCTION:

The coronavirus disease 2019 (COVID-19) pandemic has brought unprecedented challenges to
global healthcare systems, with severe cases posing significant threats to patient outcomes (Al-
Tawfiq and Memish, 2020). Understanding the multifaceted factors influencing disease progression
and prognosis in COVID-19 is essential for effective clinical management (Bezemer and Garssen,
2021).

COVID-19 is a novel respiratory disease caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) (Lai et al., 2020). It was officially declared a pandemic by the World
Health Organization due to its rapid global spread and significant impact on public health. While the
spectrum of COVID-19 severity ranges from mild or asymptomatic cases to severe respiratory
distress and organ failure, certain features have emerged as indicators of poor prognosis (Slutskiy
and Boonchutima, 2022).

One notable characteristic that has garnered attention is hypoalbuminemia, a condition marked by
abnormally low levels of serum albumin in the blood (Gremese et al., 2023). Serum albumin is a
vital protein synthesized by the liver and plays a crucial role in maintaining oncotic pressure,
transporting essential molecules, and modulating immune responses (Bernardi et al., 2020). In
severe COVID-19 cases, a significant decrease in serum albumin levels has been consistently
observed. This hypoalbuminemia is particularly intriguing due to its relationship with systemic
inflammation and its potential as an independent prognostic marker (Bonilla-Palomas et al., 2014;
Seebacher et al., 2013).

Hypoalbuminemia is a hallmark of various inflammatory conditions, including infections and
chronic diseases. In these contexts, increased capillary permeability, cytokine release, and oxidative
stress can disrupt the balance of albumin, causing it to escape from the vascular compartment into
the interstitial space. This redistribution of albumin contributes to edema, impaired microcirculation,
and altered immune responses. In severe COVID-19, the presence of hypoalbuminemia suggests a
link between the intense systemic inflammation characteristic of the disease and this critical protein
(Signorini et al., 2021; Wiedermann, 2021).

The recognition of hypoalbuminemia as a common feature in severe COVID-19 cases prompts the
need to investigate its potential significance as an independent predictor of disease outcomes
(Rabbani and Ahn, 2021). While age and the presence of comorbid conditions have been associated
with severe COVID-19, the role of hypoalbuminemia as an independent factor remains
underexplored (Garibaldi et al., 2021). Therefore, it is crucial to conduct comprehensive studies that
disentangle the complex interplay between age, comorbidity, and hypoalbuminemia to assess its
contribution to predicting COVID-19 outcomes.

This study investigates whether hypoalbuminemia, a marker of systemic inflammation, can be an
independent prognostic factor in COVID-19, regardless of a patient's age and coexisting medical
conditions. Understanding the role of hypoalbuminemia in predicting disease outcomes may offer
valuable insights for risk stratification, clinical decision-making, and the development of targeted
therapeutic interventions for severe COVID-19 cases.

METHODOLOGY:

This retrospective cohort study focused on adult patients who were diagnosed with COVID-19 and
admitted to Bahria Town International Hospital between September 10, 2020, and December 29,
2021. To be included in the study, patients had to meet the following criteria: they had to be 18
years of age or older, have a confirmed diagnosis of COVID-19 through a positive RT-PCR test on
nasopharyngeal swab specimens, fulfill the diagnostic criteria established by the World Health
Organization (WHO) for COVID-19, and have complete clinical data available for analysis.

The study obtained official approval from the institutional review board of the hospital. Patient data
was acquired by reviewing case notes and electronic medical records. The onset time of relevant
COVID-19 symptoms to hospital presentation was noted. Underlying health conditions, including
hypertension, diabetes mellitus, coronary heart disease, cerebrovascular disease, and chronic
obstructive pulmonary disease, were systematically recorded. Blood samples were taken from
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patients upon admission, and standardized laboratory procedures were used to conduct a
comprehensive array of routine hematological and biochemical tests.

Hypoalbuminemia was defined as an albumin level below 3.5 g/dL. Statistical analysis was
conducted using SPSS software version 25. Continuous variables were expressed using means
accompanied by standard deviations or medians supplemented with interquartile ranges. Categorical
variables were presented as percentages. Statistical tests such as the Student's t-test and the Mann-
Whitney U test were used to assess differences. Categorical variable distinctions were evaluated
through the ¥*2 test or Fisher's exact test as deemed appropriate. Pearson correlation analysis was
used to investigate the relationships between serum albumin levels and various inflammatory
indicators. A significance threshold of a P-value less than 0.05 was considered statistically
significant.

Results:

In the study, 109 participants were analyzed and divided into two categories based on their
outcomes - survivors (101 participants) and non-survivors (8 participants). Out of the total
participants, 55.0% were male. Among survivors, 56.4% were male, while among non-survivors,
only 37.5% were male. However, the difference in gender distribution was not statistically
significant (p = 0.260). The average age of all participants was 54.2 years. Survivors had an average
age of 53.4 years, while non-survivors were notably older, with an average age of 64.6 years. This
age difference was statistically significant (p < 0.001).

The median onset time for all participants was 3 days, with an interquartile range (IQR) of 2 to 5
days. Non-survivors had a slightly longer median onset time (5 days) compared to survivors (3
days), which was statistically significant (p = 0.052). Out of all the participants, 33.0% were
admitted to the ICU. Among survivors, 28.7% required ICU admission, while this percentage was
notably higher among non-survivors at 87.5%. The difference in ICU admission was highly
statistically significant (p = 0.001).

Lymphopenia was present in 54.1% of all participants. Survivors had a lower percentage of
lymphopenia (50.5%), while non-survivors had a significantly higher percentage (100%). The
difference in lymphopenia was statistically significant (p < 0.001). Hypoalbuminemia was found in
41.3% of all participants. Survivors had a lower percentage of hypoalbuminemia (34.7%), whereas
non-survivors had a notably higher percentage (87.5%). The difference in hypoalbuminemia was
highly significant (p <0.001).

Comorbidities were prevalent among COVID-19 participants. Hypertension was the most common
comorbidity. Non-survivors had higher percentages of comorbidities compared to survivors.
Presence of symptoms was similar between survivors and non-survivors. Notable differences were
observed in blood parameters and biochemical markers, with non-survivors generally exhibiting
abnormal values compared to survivors. However, differences in other parameters were not
statistically significant between the two groups.

Table 1 provides insights into the characteristics of COVID-19 patients who either survived or did
not survive. Non-survivors were older, had a higher rate of ICU admissions, and exhibited a higher
prevalence of comorbidities. Lymphopenia, hypoalbuminemia, and abnormal values of various
blood parameters were more common among non-survivors.

Table 1: Baseline characteristics of the study population

Variable Total Survivors Non-Survivors | P-value
(N=109) (N=101) (N=8)

Male (%) 60 (55.0) 57 (56.4) 3 (37.5) 0.260
Age, (y) 542 +16.0 534157 64.6 = 14.4 0.012
Onset time, median (IQR) 3(2,5) 3(2,5) 6 (2.5,8.75) 0.052
ICU (%) 36 (33.0) 29 (28.7) 7 (87.5) 0.001
Lymphopenia (%) 59 (54.1) 51 (50.5) 8 (100.0) <0.001
Hypoalbuminemia (%) 45 (41.3) 35(34.7) 7 (87.5) <0.001
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Comorbid Conditions
Hypertension (%) 27 (24.8) 23 (22.8) 4 (50.0) 0.019
DM (%) 15 (13.8) 14 (13.9) 1(12.5) 0.907
CHD (%) 7(6.4) 6(59 1(12.5) 0.298
CVD (%) 5(4.6) 5(4.9) 0(0.0) 0.889
COPD (%) 2 (1.8) 2 (2.0) 0 (0.0) 0.969
Hematological and Biochemical
Markers
WBC, x10"9/L 4.5+2.2 43+2.0 7.1+59 0.009
Neutrophil, x10"9/L 28+14 27+1.3 51+44 0.013
Lymphocyte, x10"9/L 1.3+£0.5 1.3+0.5 0.6+0.3 <0.001
Monocyte, X10"9/L 0.3+0.2 03+0.2 04+0.2 0.105
CRP, mg/L 16.5+21.6 15.7 £20.7 37.4+33.3 0.019
Procalcitonin, pg/L 0.2+0.6 0.2+0.6 0.3+0.2 0.418
D-dimer, mg/L 0.7+1.2 0.7x1.1 09+1.3 <0.001
Total bilirubin, umol/L 10.8 £ 6.5 10.7+ 6.6 11.0+5.3 0.872
Albumin, g/L 40.6+44 40.6 £4.3 40.5+5.8 0.885
LDH, U/L 209.1+£824 |204.6+80.4 267.3+112.9 | 0.037
ALT, U/L 27.5+21.3 27.6+21.3 269+214 0.936
AST, U/L 23.9+£13.6 23.7+£13.7 264+12.4 0.629
Creatinine, mg/dL 0.9+0.7 1.0+£0.3 1.2+£0.5 0.919
Gender Distribution
p=0.260
Non-Survivors (N=8) i_3 >
survivors (N=101) SRR e
e — 57
0 10 20 30 40 50 60

Female H Male (%)

Figure 1: Distribution of gender between the Survivors and non-survivors

Table 2 compares individuals with hypoalbuminemia (low levels of albumin) and those with normal
levels of albumin in a population of 109 individuals. It assesses various demographic, clinical,
comorbidity, clinical symptoms, and hematological/biochemical factors to understand how these
variables differ between the two groups.

Both groups have a similar gender distribution, with around 56% males in the hypoalbuminemia
group and 54.7% in the normal albumin group (p-value: 0.501). The age of individuals in the
hypoalbuminemia group is significantly higher (62.9 years on average) compared to the normal
albumin group (48.2 years on average), indicating that older individuals are more likely to have
hypoalbuminemia (p-value: <0.001). The onset time of symptoms is also significantly different,
with a median onset time of 4 days in the hypoalbuminemia group and 3 days in the normal albumin
group (p-value: 0.002).

A significantly higher proportion of individuals with hypoalbuminemia were admitted to the ICU
(44.4%) compared to those with normal albumin (7.8%), indicating a more severe disease course in
the hypoalbuminemia group (p-value: <0.001). The death rate is notably higher in the
hypoalbuminemia group (13.3%) compared to the normal albumin group (0%) (p < 0.005).

The study found that individuals with hypoalbuminemia, a condition characterized by low levels of
albumin in the blood, tend to have a higher prevalence of comorbidities such as hypertension,
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diabetes, coronary heart disease, cerebrovascular disease, and chronic obstructive pulmonary
disease. They also have lower lymphocyte counts and albumin levels, and higher levels of
inflammatory markers, which may indicate a higher risk of adverse outcomes. These findings may
help clinicians identify individuals at higher risk for adverse outcomes in cases of
hypoalbuminemia.

Table 2: A comparison between the clinical and biochemical profiles of individuals with low
albumin levels and those with normal albumin levels

Variable Hypoalbuminemia | Normal P-
(N=45) albumin (N=64) | value
Male (%) 25 (55.6) 35 (54.7) 0.901
Age, years 62.9+13.1 48.2 £ 16.1 0.001
Onset time, median (IQR) 42,7 32,5 0.126
ICU (%) 20 (44.4) 5(7.8) 0.002
Death (%) 6(13.3) 0(0) 0.005
Lymphopenia (%) 25 (55.6) 15 (23.4) 0.003
Comorbid conditions
Presence of at least one comorbidity 23 (51.1) 21 (32.8) 0.097
Hypertension (%) 20 (44.4) 13 (20.3) 0.017
DM (%) 11(24.4) 5(7.8) 0.008
CHD (%) 8 (17.8) 2 (3.1 0.010
CVD (%) 5L 1(1.6) 0.027
COPD (%) 3(6.7) 1(1.6) 0.174
Hematological and Biochemical markers
WBC, x10"9/L 5.6+3.3 45+1.7 0.031
Neutrophil, x10"9/L 41+3 29+14 0.004
Lymphocyte, x10°9/L 1+0.5 1.3£0.5 0.007
Monocyte, x10"9/L 04+04 0.3+£0.2 0.642
CRP, mg/L 43.9+453 16.5+21.7 0.005
Procalcitonin, pg/L 03+1 0.1+£0.2 0.103
D-dimer, mg/L 3.1+8.9 0.7£1.2 0.023
Total bilirubin, pmol/L 11.3+£7.6 10.8£6 0.618
Albumin, g/dL 3.12+0.8 4.6+04 0.002
LDH, U/L 315.5+269.6 209.1 +78.4 0.001
ALT, U/L 27.9+20.7 27.5+22.1 0.948
AST, U/L 30.1+£24.5 2394133 0.101
Creatinine, mg/dL 0.83 £0.26 0.71 £ .21 0.322

Association of Hypoalbuminemia with mortality
and ICU admission

20
20
10
0
Hypoalbuminemia Normal albumin
(N=45)

H ICU admission (‘%:64_) Death (%)

Figure 2: Association of Hypoalbuminemia with mortality and ICU admission in the study
population
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Table 3: Pearsons's Correlation of Albumin levels with various variable in COVID-19

Patients:
Hypo- |TLC |Lymphocytes [NeutrophilsiCRP |Procalcitonin [D. LDH |Creatinine |Death |ICU
Albumin Dimer Admission
Hypo- 1
albumin
TLC -0.340** |1
Lymphocytes [0.590** |-0.280* |1
Neutrophils |-0.240* [0.100 |-0.110 1
CRP -0.290* |-0.050 |-0.240* 0.370** |1
Procalcitonin |-0.520** (0.200 [-0.360** 0.330** 0.440* (1
*
D.Dimer _ [-0.630** [0.210 |-0.520** 0.200 0.140 [0.480** 1
LDH -0.660** |0.260* |-0.550** 0.400**  10.380* |0.460** 0.630** |1
*
Creatinine  |0.090 0.200 |-0.050 -0.060 -0.080 |-0.010 0.020 |- 1
0.110
Mortaliy 0.660** [0.080 [0.120 0.050 0.090 [0.130 0.070 0.130 [-0.070 1
ICU 0.630** [0.120 (0.140 0.070 0.110 [0.200 0.150 0.210 [-0.040 0.220 |1
Admission

Table 3 presents Pearson's correlation coefficients reflecting the relationships between Albumin
levels and various other medical parameters in the context of a COVID-19 study. These correlation
coefficients help quantify the strength and direction of the associations between albumin and these
parameters.

First, there is a negative correlation between Albumin and Total leucocyte count (TLC). This
implies that as Albumin levels decrease, TLC tends to increase. This could indicate that a reduction
in albumin might be linked to compromised immune function, as evidenced by an increase in TLC.
In contrast, there's a direct correlation between Albumin and Lymphocytes. As Albumin levels
decrease, Lymphocyte count tends to decrease as well. This suggests that lower Albumin levels are
associated with a reduction in lymphocytes, which play a crucial role in the immune system.
Similarly, a negative correlation exists between Albumin and Neutrophils. A decline in albumin is
linked to an increase in Neutrophil count. This may signify that lower Albumin levels are associated
with an elevated inflammatory response in the body, given the role of neutrophils in inflammation.
Albumin and various markers show a negative correlation. As Albumin levels decrease, C-reactive
protein (CRP), Procalcitonin, D-Dimer, and Lactate Dehydrogenase (LDH) tend to increase. This
implies that lower Albumin levels are linked to higher levels of inflammation, a higher likelihood of
bacterial infection, a higher risk of clot formation, and tissue damage or cell breakdown.
Additionally, there is a weakly positive correlation between Albumin and Creatinine levels, which
suggests that lower Albumin levels may be linked to mild kidney dysfunction.

Finally, the last two correlations are of significant clinical importance. There's a strong positive
correlation between hypoalbumin and mortality, implying that as Albumin levels decrease, the risk
of mortality significantly rises. Additionally, there's a strong positive correlation between hypo-
albumin and ICU Admission. Lower Albumin levels are associated with a significantly higher
likelihood of requiring intensive care.

Table 3 underscores the critical role of hypo-albuminemia as a biomarker in assessing the severity
and prognosis of COVID-19 patients. Lower Albumin levels are associated with increased
inflammation, a higher risk of bacterial infection, a higher likelihood of thrombosis, tissue damage,
and a significantly elevated risk of death or ICU admission in the studied COVID-19 population.

Discussion:

Serum Albumin plays a crucial role in various physiological functions within the body. Some of its
essential functions include maintaining colloidal osmotic pressure, binding to different compounds,
and acting as a plasma antioxidant (Sitar et al., 2013).

One significant aspect of albumin is its role in maintaining colloidal osmotic pressure, vital for
regulating fluid balance within blood vessels and the surrounding tissues. This helps prevent
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excessive leakage of fluids from blood vessels into the interstitial space, contributing to stable blood
volume and pressure (Bihari et al., 2020).

Albumin also acts as a binding agent, capable of binding to various molecules in the blood. This
includes hormones, fatty acids, drugs, and other substances. By binding these compounds, albumin
helps transport them throughout the body, affecting their distribution and function (De Simone et al.,
2021; Kragh-Hansen, 2016).

Furthermore, albumin exhibits plasma antioxidant activity. It can counteract the harmful effects of
oxidative stress by scavenging free radicals and protecting cells and tissues from damage (Soriani et
al., 1994).

There is a notable decrease in serum Albumin levels in various acute and chronic diseases. This
decrease is often related to the magnitude of the inflammatory response generated by these diseases.
This phenomenon has led to albumin being referred to as a "negative acute phase reactant." In other
words, while many proteins increase in response to inflammation (positive acute phase reactants),
Albumin levels tend to decrease (Ramsay and Lerman, 2015).

Several mechanisms have been proposed to explain the decrease in Albumin levels during
inflammation. Firstly, releasing cytokines and chemokines can lead to capillary leakage, causing
albumin to shift from the bloodstream to the interstitial space. In this new location, albumin is an
antioxidant and a source of amino acids for cellular and matrix synthesis (Quinlan et al., 2005).
Secondly, inflammation is associated with an increased degradation of albumin and a reduced
synthesis response. This decrease in Albumin synthesis is primarily mediated by cytokines like
interleukin (IL)-6 and tumor necrosis factor (TNF)-a. These cytokines inhibit the transcription of
Albumin genes, further reducing circulating Albumin levels during inflammatory states (Alcaraz-
Quiles et al., 2018; Fearon et al., 1998).

Hypoalbuminemia, characterized by low serum Albumin levels, has been linked to adverse
outcomes in both short-term and long-term contexts among hospitalized patients in various medical
and surgical settings. Studies in patients with SARS-CoV-2 infection, the virus responsible for
COVID-19, have also reinforced the significant association between serum Albumin concentration
and mortality (Ramadori, 2022).

Research conducted by Violi and colleagues identified that the lowest tertile of Albumin
concentration (<32 g/L) predicted a higher risk of mortality (Hazard Ratio 2.48, 95% Confidence
Interval: 1.44-4.26, p = 0.001). This association remained significant even after adjusting for age,
ICU admission, gender, heart failure, chronic obstructive pulmonary disease, and high-sensitivity C-
reactive protein (hs-CRP) levels (Viana-Llamas et al., 2021).

Another study led by Huang et al. reported that hypoalbuminemia, defined as Albumin levels below
35 g/L, was a predictor of patients at high risk of progressing to severe COVID-19 infection. Other
risk factors for severe disease included lymphopenia (lymphocyte count below 1000/uL) and the
presence of comorbidities, such as older age, elevated lactate dehydrogenase (LDH) levels, high C-
reactive protein (CRP) levels, a high coefficient of variation of red blood cell distribution width, and
the presence of at least one other underlying medical condition. These factors were identified as
independent predictors of mortality (Huang et al., 2020).

Gong et al. developed a nomogram, a predictive model, for early identification of at-risk individuals
based on several parameters, including Albumin levels, direct bilirubin, blood urea nitrogen, and
Albumin concentration. This tool can help healthcare professionals assess the risk of severe
outcomes and death in COVID-19 patients (Gong et al., 2020).

Our study's key and significant finding is the existence of a strong inverse relationship between the
level of albumin and the risk of death in COVID-19 patients. Through our retrospective analysis, we
uncovered that individuals with a serum albumin level of less than 35 g/L at the time of presentation
faced a substantially elevated risk of death due to COVID-19. This underscores the critical role of
serum albumin as a prognostic marker and its potential utility in identifying patients at greater risk
of severe outcomes and mortality associated with COVID-19. These findings are also reported in
many studies (Bennouar et al., 2021; Vaid et al., 2020)
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Our study assessed the risk of ICU (Intensive Care Unit) admission among COVID-19 patients. We
found a notable correlation between low serum albumin levels and an increased risk of ICU
admission. Specifically, individuals with serum albumin levels below 35 g/L had a substantially
elevated risk of being admitted to the ICU.

The limitations of this study include its retrospective design, a relatively small sample size, potential
selection bias, missing data, and the fact that it is a single-center study. These factors may limit the
generalizability of the findings. Additionally, while the study highlights a significant association
between low serum albumin levels and increased risk of death in COVID-19 patients, it cannot
establish a causal relationship. Other unmeasured variables and variations in treatment approaches
could also impact the outcomes. Therefore, further research in larger, multicenter, prospective
studies is needed to confirm and expand upon these findings.

Conclusion:

In conclusion, our study demonstrates a substantial and independent association between low serum
albumin levels at presentation and a significantly increased mortality risk in COVID-19 patients.
These findings underscore the importance of monitoring and addressing hypoalbuminemia as a
potential prognostic marker in COVID-19 management. Early identification and intervention in
patients with low albumin levels may contribute to better outcomes. However, further research is
necessary to elucidate the underlying mechanisms and validate these results in larger, more diverse
patient populations.
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