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ABSTRACT

Aims: TThe impact of the coronavirus pandemic, which began in 2019, has considerably diminished; however, its effects
still persist. While respiratory symptoms have been prominent during the pandemic, acute kidney disease has emerged as a
significant contributor to morbidity and mortality. This study aims to demonstrate that serum albumin levels can serve as a
predictor for acute kidney injury (AKI) and mortality, owing to their cost- effectiveness and feasibility for use across various
healthcare centers. The goal is to contribute to the reduction of AKI development and mortality rates.

Methods: The study was conducted by analyzing data from a total of 350 patients admitted to intensive care units of a training
and research hospital due to COVID-19 between March 1, 2020, and April 30, 2021. Of these patients, 179 (51%) were male,
and 171 (49%) were female. The data were examined retrospectively. Patients were categorized into two groups based on serum
albumin levels: 2.5 mg/dl (severe hypoalbuminemia) and 2.5-3.5 mg/dl (mild hypoalbuminemia). Subsequently, the patients
were further categorized into groups based on the presence or absence of AKI, and these groups were statistically compared.
Demographic data, clinical information, and laboratory values of the patients were assessed. The diagnosis of acute kidney
injury (AKI) was made according to KDIGO criteria. Data were compared using the SPSS version 24 software.

Results: Among the 350 patients included in the study, 115 had serum albumin levels ?2.5 mg/dl (severe hypoalbuminemia),
and 235 had levels in the range of 2.5-3.5 mg/dl (mild hypoalbuminemia). Among those who developed AKI, the average
albumin level was found to be 2.68 mg/dl, whereas in the group without AKI, the average albumin level was 2.76 mg/dl. Out
of the total, 201 (57%) patients developed AKI, and 82% of them experienced mortality. In contrast, among the 149 (43%)
patients who did not develop AKI, the mortality rate was 42%. Further subgroup analysis revealed the highest mortality rate
of 88% among patients with severe hypoalbuminemia and AKI development. Conversely, the lowest mortality rate of 40% was
observed in patients with mild hypoalbuminemia and no AKI.

Conclusion: This study aims to establish that low serum albumin levels should be regarded not only as a negative acute-phase
reactant but also as a predictive factor for complications including acute kidney disease development and mortality. Lower
albumin values are correlated with higher complication rates and increased mortality. Additionally, due to its widespread
availability and low cost, serum albumin is a cost-effective diagnostic tool that can be utilized in almost any healthcare setting.
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INTRODUCTION

According to the current data of the World Health
Organization, approximately 769 million Coronavirus
dissease—19 (COVID-19) cases have been seen worldwide and
approximately 7 million of them have died." Although the
most common cause of COVID-19 infection-related mortality
is acute respiratory failure, it is known that COVID-19
infection causes serious complaints by involving the

cardiological, gastrointestinal, hepatological, nephrological,
neurological, hematological, ocular and cutaneous systems
in addition to respiratory system complaints.> Kidneys
have a special importance among these organs affected by
COVID-19 infection. The rate of developing acute kidney
injury in those with COVID-19 infection is 28%. This
rate increases up to 46% in those who are hospitalized and

EY' HC  HD

@ @ @@ This work is licensed under a Creative Commons Attribution 4.0 International License.


https://orcid.org/0000-0003-4495-997X
https://orcid.org/0000-0002-6624-8063
https://orcid.org/0000-0001-7493-7179
https://orcid.org/0000-0002-1494-178X
https://orcid.org/0000-0003-4039-1256
https://orcid.org/0000-0002-9768-5290
https://orcid.org/0000-0002-5795-533X

Intercont J Int Med. 2024;2(1):7-11

Koyun et al.

followed up in the intensive care unit.’* The mortality rate of
patients who develop AKI due to COVID-19 infection is more
than 5 times higher than that of those who do not develop
AKIL*

Therefore, identifying high-risk patients for the
development of AKI among COVID-19-related hospitalized
patients, closely monitoring high-risk patients for the
development of AKI, and taking measures to prevent the
development of AKI, if possible, preventing the development
of AKI damage is very important in order to increase the
survival of patients and prevent the development of morbidity.
Various tests have been developed for this purpose and are
known to be useful in the early diagnosis of AKI. These can
be listed as Cystatin-C, NGAL and KIM-1.> However, these
tests are used only for clinical research purposes because they
are expensive and not available in most centers. Therefore,
they are not cost effective.

In this study, we aimed to evaluate the predictive ability
of serum albumin level in predicting the development of
AKI, morbidity and mortality in patients diagnosed with
COVID-19 and treated in the intensive care clinic.

METHODS
Ethics

The study was carried out with the permission of Health
Sciences University Gazi Yagargil Training and Research
Hospital Ethics Committee (Date: 28.04.2021, Decision No:
2021/840), and it was conducted in accordance with the
Declaration of Helsinki.

Setting and Participants

This retrospective, single-center and observational
study included patients aged 18 and over who were treated
with a diagnosis of COVID-19 infection in the intensive
care unit of a training and research hospital between
01.03.2020-30.04.2021. The participants were diagnosed
with COVID-19 infection by PCR method. Patients with
previously diagnosed glomerulonephritis or nephrotic
syndrome, end-stage renal failure, end-stage heart failure,
cirrhosis, malnutrition and protein-losing enteropathy,
and patients under 18 years of age were not included in the
study.

Patient Characteristics and Procedures

For all participants, demographic characteristics such as
age and gender; clinical data such as diabetes hypertension,
coronary heart disease, blood pressure value at the time of
admission, initial oxygen support, length of hospital stay,
need for dialysis, type of discharge; laboratory findings
such as albumin amount, white blood cell count, neutrophil
count, lymphocyte count, hemoglobin, platelets, glucose,
urea, creatinine, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), total bilirubin, potassium, sodium,
procalcitonin, ferritin, blood gas and C-reactive protein
(CRP) were learned from the patient files retrospectively.
Those with albumin values between 2.5 g/dl and 3.5 g/dl
were defined as patients with mild hypoalbuminemia, and
those with <2.5 g/dl were defined as patients with severe
hypoalbuminemia (Table 1).

AKI development status in the patients was decided using
the Kidney Dissease Improving Global Outcomes-Acute

Kidney Injury (KDIGO-AKI) criteria and the patients were
divided into 2 groups: those who developed AKI and those
who did not develop AKI.

Table 1. Baseline characteristics of participants

Cheraciaiaste Albul:1:11i1nss 23 2.5£A}11:121§115in<3.5 p value
Age (year) mean+SD 69.5 (13.6) 65.4 (14.1) 0.011
Gender (%) 32.4+8.0 31.7+7.3 0.356
Male 17.4 33.4

Female 15.4 33.7

Mean blood pressure+SD (mm/Hg) 0.286
Systolic 124 (20.4) 126 (21)

Diastolic 74.1 (13.5) 75.7 (13.8)

Chronic diseases (%)

Dm 8 24.6 0.122
HT 15.1 36.3 0.162
CAD 10 16.6 0.252
Initial oxygen support (%) 0.002
Mask+nasal 10 24

Reservoir mask 4.2 12.8

High flow 1.7 2

CPAP 6.5 19.7

Mechanical ventilation 9.4 8.2

Hospitalization duration 13.8 (min:2-max:90) 14.1 (min:2-max:129) 0.303
mean+SD

Need for dialysis (%) 0.422
Yes 4 6.3

No 28.9 60.9

Need for positive inotropes (%) 0.139
Yes 14 23.1

No 18.9 44

Albumin infusion (%) 0.022
Yes 21.4 35.1

No 11.4 32
Anti-inflammatory treatment (%) 0.697
Yes 14 27.1

No 18.9 40

Infective parameters (mean+SD)

Crp 150 (84) 139 (80) 0.232
Procalcitonin 1.8 (4.5) 1.2 (3.9) 0.009
Ferritin 947 (776) 767 (654) 0.016
Hemogram parameters Albumin< 2.5N:115  2.5<Albumin<3.5  pvalue
(meantSD) N:235

Hgb 12.2 (2) 13.7 (8.7) <0.001
Plt 269 (109) 266 (103) 0.86
Whc 14.4 (6.7) 12.4 (6.7) 0.003
Neu 12.8 (6.6) 10.7 (6.3) 0.001
Lym 0.96 (0.62) 1.1 (1) 0.213
Neu/lym 21.5 (22) 14.2 (13.9) 0.001
Biochemical parameters (mean+SD)

Urea 65 (47.5) 49.4 (27.3) 0.002
Sodium 138.7 (6.4) 135.7 (6) <0.001
Potassium 4.3 (0.66) 4.23(0.6) 0.496
Calcium 8.9 (0.5) 8.8 (0.5) 0.034
ALT 53.5 (75) 35 (27) 0.01
AST 58 (70) 45 (40) 0.104
Total bilurubin 0.9 (1.5) 0.6 (0.46) 0.006
D-dimer (mean+SD) 3089 (6718) 1513 (4007) <0.001
Blood gas parameters (mean+SD)

PH 7.35(0.12) 7.38 (0.1) 0.356
HCO3 21.9 (5.5) 22.4(4.2) 0.585
Lactate 2.9(2.3) 2.8(2.3) 0.785
AKI (n %) 0.039
Yes 75 (65) 126 (53)

No 40 (34) 109 (46)

Discharge type (n %) 0.001
Alive 25 (21.7) 92 (39.1)

Death 90 (78.3) 143 (60.9)

Dm: diabetes mellitus, HT: Hipertension, CAD: Coronary Artery Disease, Cpap:Continuous positive Airway Pressure, Crp: C-reaktive protein, Hgb: hemoglobine,
Plt:platelet, Whc:white blood cell, Neu: Neutrophile, Lym: Lymphocite, Ney/Lym: Neutrophile Lymphocite ratio, ALT: Alanine transaminase, AST: Aspartate

transaminase, Hco3: Bicarbonate, AKT:acute Kidney Injury
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The effect of the degree of hypoalbuminemia on the
development of AKI and mortality and the mortality rates
in patients who developed AKI were compared between the
groups (Table 2).

Table 2. Albumin and acute kidney injury subgroups

Albumin(mg/dl) n (%) Acuitnejll;i(}i,ney n (%)

115 (67%)
235 (33%)
350 (100)

201 (57%)
149 (43%)
350 (100)

<2.5 (severe hypoalbuminemia) Developed
2.5-3.5 (mild hypoalbuminemia)
Total

AKT:Acute kidney injury

Non-developed
Total

Statistical Analysis

Statistical analyzes in our study were performed using
IBM SPSS (version 24.0) package program. The suitability
of the variables to normal distribution was examined using
visual (histogram and probability graphs) and analytical
methods (Kolmogorov-Smirnov test). Normally distributed
numerical variables were analyzed using the “t test in
independent groups” between two groups. Numerical
variables that were not normally distributed were analyzed
using the “Mann Whitney U test” between the two groups.
“Chi-square analysis” and “Fisher’s exact test” were used to
compare nominal data. One Way Anova test was used to
compare more than two groups. The power of all scoring
models in the prediction of the mortality rate was tested with
the receiver operator characteristics (ROC)-area under curve
(AUC) analysis. ROC analysis was also used to state cut-off
values and their sensitivity and specificity to estimate the
risk of mortality in the ICU. Results are expressed with a 95%
confidence interval. In statistical analysis, p values below 0.05
were considered statistically significant.

RESULTS

A total of 350 patients were included in our study.
179 (51%) of the participants were male. The total average
age was 66.83 (min: 22-max: 102). The average age of
men was 64.1+13.8 and the average age of women was
69.6+13.9. The initial albumin value was <2.5 mg/dl (severe
hypoalbuminemia) in 115 of 350 patients and 2.5-3.5 mg/dl
(mild hypoalbuminemia) in 235 patients. The mean initial
creatinine in the severe hypoalbuminemia group was 1.15
(0.84) mg/dl, and in the mild hypoalbuminemia group, the
initial creatinine average was 1.06 (0.49) mg/dl. The number
of patients who developed AKI was 201 (57%) and AKI did
not develop in 149 (43%) patients. The average albumin level
was found to be 2.94 mg/dl in the mild hypoalbuminemia
group that developed AKI, and 2.2 mg/dl in the severe
hypoalbuminemia group that developed AKI.

When the follow-ups of the patients were examined, it
was determined that hypoalbuminemia was correlated with
AKI and mortality. When patients who developed AKI were
evaluated, the rate of AKI development was found to be 53%
in patients with mild hypoalbuminemia and 65% in patients
with severe hypoalbuminemia (p<0.05). Death occurred in
166 (71.2%) of 201 patients who developed AKI. While death
occurs in 69% of patients with mild hypoalbuminemia who
develop AKI; this rate was found to be 73.3% in patients
with severe hypoalbuminemia who developed AKI. AKI
did not develop in the remaining 149 (43%) patients. The
number of deaths in this group was 67 (44%). In our study,
the total mortality rate was 66.6%. Death rate was 60.9%

in the mild hypoalbuminemia group and this rate was
78.3% in the severe hypoalbuminemia group. This rate is
statistically significant with the degree of low albumin level.
(AUC:0.653; p<0.05). When the subgroups were compared
among themselves, the highest mortality rate was seen in
the patient group with severe hypoalbuminemia and AKI.
The lowest mortality rate was seen in the group with mild
hypoalbuminemia and without AKI (Table 3, 4).

Table 3. Acute kidney injury and mortality rates according to

hypoalbuminemia groups
AKI developed (n%) Resulted in death (n%)

Mild hypoalbuminemia 126 (53.6) 143 (60.9)
Severe hypoalbuminemia 75 (65.2) 90 (78.3)
Total 201 (57.4) 233 (66.5)

AKT:Acute kidney injury

Table 4. Mortality rates according to hypoalbuminemia and acute kidney

injury subgroups

Mild Severe
Hypoalbuminemia Hypoalbuminemia

(n%) (n%)

AKI non-developed 44 (40) 23 (59)

AKI developed 100 (79) 66 (88)

Total 144 (61) 89 (77)

AKI:Acute kidney injury

When the AKI groups were compared among

themselves, statistical significance was detected in terms of
age, length of stay, WBC count, neutrophil count, potassium
level, D-dimer level and procalcitonin levels (Table 5).

Table 5. Comparison of acute kidney injury groups

Characteristic AKI:;‘;)CII oped A no::—&egveloped p value
Age 68 65 0.037
Systolic blood pressure 124 127 0.303
Diastolic blood pressure 75 75 0.404
Hospitalization duration 12.3 15.8 0.01
Whbc 13.6 12.3 0.045
Neu 11.9 10.74 0.047
Lym 1.08 1.06 0.26
Neu/Lym 18 14.73 0.085
Hgb 13.5 12.91 0.934
Plt 271 262 0.487
ALT 44.2 38 0.183
AST 52 47 0.372
Total bilurubin 0.69 0.72 0.82
Calcium 8.8 8.9 0.469
Sodium 137 136 0.281
Potassium 4.3 4.1 0.002
CRP 147 136 0.085
D-dimer 2468 1440 0.03
Ferritin 891 740 0.142
Procalcitonin 1.8 1.05 0.000
Albumin 2.68 2.78 0.063

AKI: Acute kidney injury, Whe: white blood cell, Neu: neutrophil, Lym: lymphocit, Hgb: hemoglobin, Plt: platelet,

ALT: alanine aminotranferase, AST: aspartate aminotranferase

DISCUSSION

Our study was conducted with a total of 350 patients in
a large center during the COVID-19 pandemic, by dividing
patients with hypoalbuminemia into subgroups and
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examining their effects on AKI development and mortality
retrospectively. 179 (51%) of the participants were men and
171 (49%) were women. The death rate due to COVID-19
generally varies between 1.4-8%.° However, the development
of acute kidney injury in addition to COVID-19 in patients
followed in intensive care may cause the mortality rate
to increase up to 80%, as some studies show.”® Therefore,
predicting AKI will play a key role in preventing mortality.
In our study, in parallel with previous studies on albumin,
it was determined that hypoalbuminemia caused both
the development of AKI and an increase in mortality.
However, unlike other studies, it is important that our study
is conducted according to albumin levels and provides
different perspectives.

In a meta-analysis by Silver et al.’, which included 53
studies with COVID-19 patients and 30,657 patients, the
rate of AKI development in non-intensive care patients was
12%, while this rate ranged between 35-57% in patients
hospitalized in intensive care. In terms of AKI etiology,
acute tubular damage stands out as the most common cause
in patients followed in intensive care due to COVID-19.°
Risk factors for the development of AKI are age, body mass
index, acute circulatory and respiratory system failures,
chronic liver disease, congestive heart failure, infections,
peripheral vascular occlusive diseases, cancers, invasive
procedures and high-risk surgeries.'” Another important
reason that precipitates the development of AKI is low
albumin level.®'»'*> In addition, markers that can predict
AKT cases that occur due to intensive care hospitalization
or various etiological reasons have been defined.” The most
well-known of these are cystatin-C, NGAL (Neutrophil
gelatinase-associated lipocalin) and KIM-1 (kidney injury
molecule-1).

When the studies on this subject were reviewed,
hypoalbuminemia was found to be a predictor for the
development of AKI in both non-intensive care and
intensive care patients, and it was also shown that the
presence of hypoalbuminemia caused an increase in
mortality.""* Additionally, in a meta-analysis conducted by
Hansrivijit et al." in 2021, including 168,740 patients, it was
shown that every 1 mg/dl decrease in albumin level caused a
1.68-fold increase in the development of AKI and a 1.18-fold
increase in mortality. In the same study, it was determined
that the risk for AKI development and mortality began to
increase at albumin levels lower than 3.2 mg/dl. Studies on
the effect of albumin level on the development of AKI and
mortality are often designed to compare normal albumin
levels with albumin levels <3.5 mg/dl.”"* Yang et al.” in a
retrospective study with 740 patients were divided into 4
groups according to albumin levels. The highest mortality
rate was found in the group with the lowest albumin level.
Additionally, in a study conducted by Uyanik et al."* in
Turkiye, the relationship between albumin values at the
time of diagnosis and mortality was examined. The average
albumin level was found to be 2.87+0.66 g/dl in deceased
patients and 3.28+0.64 g/dl in living patients, and these
values were statistically significant.

In our study, unlike previous studies, we aimed to
retrospectively examine the relationship between serum
albumin level and the development of AKI and mortality in
COVID-19 patients and especially in intensive care patients.
In our study, in parallel with the literature, a statistically
high correlation was detected between the decrease in

10

albumin level and the development of acute kidney injury and
mortality (Table 6). However, in our opinion, it is important
to conduct our study with patient groups with mild and severe
hypoalbuminemia in terms of providing new perspectives.

Table 6. Albumin roc analysis in terms of Acute Kidney Injury development

Risk factor AUC (95%) Cut-off P Sensitivity (%)  Specificity(%)
0.558 201 (57%)
(0.497-0.619)
Albumin 235 (33%) 2,65 0.064 45.3 37.6

AKI:Acute Kidney Injury

In the mild hypoalbuminemia group, the incidence of
AKI was 53% and the mortality rate was 60%. In the group
with severe hypoalbuminemia, the incidence of AKI was
65% and the mortality rate was 78.3%. When subgroup
examinations were made, the highest mortality rate, reaching
90%, was seen in the group with severe hypoalbuminemia
and AKI development; the lowest mortality rate, 40%, was
found in the group with mild hypoalbuminemia and no
AKI. As a result, as the albumin level decreased, more acute
kidney disease and more death rates were detected. In our
study, the total acute kidney injury incidence rate was found
to be 57.4%, and the total death rate was 66.6% (Table 7, 8).

Table 7. Comparison of groups according to discharge method

Characteristic Resulted in death Not resulted in death el
n: 223 n: 117

Age 68.62 63.26 <0.001
Systolic blood pressure 124.52 128.9 0.043
Diastolic blood pressure 74.22 77.23 0.013
Hospitalization duration 13.3 14.89 <0.001
Whbc 13.78 11.64 0.007
Neu 12.23 9.81 0.002
Lym 0.97 1.28 <0.001
Neu/Lym 19.6 10.75 <0.001
Hgb 13.4 13 0.78
Plt 267 268 0.89
Alb 2.64 2.85 <0.001
Urea 60 43.4 <0.001
Cre 1.14 0.98 0.003
E-GFR 68 77 0.003
ALT 44.6 35.5 0.11
AST 53.2 43.7 0.13
Total bilurubin 0.71 0.69 0.69
Calcium 8.88 8.9 0.68
Sodium 137 135.8 0.12
Potassium 4.24 4.2 0.86
Crp 153 122 0.001
D-dimer 2284 1526 0.03
Ferritin 912 656 0.001
Procalcitonin 1.62 1.22 <0.001

Whe: white blood cell, Neu: neotrophil, Lym: lymphocit, Hgb: hemoglobin, PIt: platelet, Alb: albumin, Cre: creatinine,

E-GFR: estimated glomerular filtration rate, ALT: alanine aminotranferase, AST: aspartate aminotranferase

Table 8. Albumin Roc analysis for mortality

Risk factor AUC (95%) Cut-off p Sensitivity (%) Specificity(%)
0.653 201 (57%)
(0.591-0.715)
Albumin 235 (33%) 2,75 0.000 60.1 36.8

When the groups that developed and those that did
not develop AKI were compared, there was a statistical
significance between the groups in terms of age, length
of stay, WBC, neutrophil count, potassium, d-dimer and
procalcitonin. The average age of patients who developed
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AKI was higher than those who did not develop AKI. All
inflammation markers were detected higher in the group
that developed AKI. There was a high correlation especially
between the high initial procalcitonin value and the rate
of AKI development (p<000). Similar risk factors were
identified in the study conducted by Candido de Almeida
et al.”® Although there was no statistical significance between
the mean albumin level in the groups that developed AKI
and those that did not, there was a lower albumin level in the
group that developed AKI (2.68 mg/dl versus 2.78 mg/dl).
When the effects of the parameters in our study on
mortality were examined, age, hospitalization time, initial
lymphocyte count, neutrophil/lymphocyte ratio, albumin
level, initial urea, procalcitonin levels were found to be
statistically highly significant (p<0.00). These findings were
consistent with previous studies.”'® In studies conducted
on this subject, male gender, diabetes, hypertension and
coronary artery disease have also been identified as risk
factors for mortality.'® However, this could not be confirmed
in our study (p>0.05). As mentioned before, this may be due
to the difference in the patient group selected for our study.

Limitations

Since the patients included in our study were selected
from patients hospitalized during the most intense period of
the pandemic period, and as a natural result of retrospective
studies, sufficient information could not be obtained
about the patients’ proteinuria, basal creatinine values and
urine output amounts. Additionally, patients with normal
albumin were requested to be included in the study as a
control group, but only 4 of the patients examined in the
same period were suitable for our study. Therefore, a control
group could not be created. We continued our study by
comparing subgroups of patients with hypoalbuminemia
among themselves. In order to clarify this situation,
prospective, large-scale, better designed studies are needed
to predict the relationship between albumin values and AKI
development, after eliminating the deficiencies that prevent
us from giving clearer messages based on our study.

CONCLUSION

With this study, we aimed to show that low albumin is a
predictive factor for the development of acute kidney disease
and complications including mortality, rather than considering
it only as an acute phase reactant. In our study, lower albumin
levels were found to be associated with more complications
and higher mortality rates. The availability of albumin in every
center and the fact that it is a low-cost test is important in terms
of cost-effectiveness. Other prospective, more comprehensive
studies are needed to elucidate this issue.
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