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The relationship between ischemia-modified albumin/
albumin ratio levels and disease severity in COVID-19 patients

In December 2019, the Coronavirus disease (COVID-19),
caused by a virus called SARS-CoV-2, was detected in Wuhan, 

China. COVID-19 quickly spread throughout China and the 
whole world [1]. The World Health Organization (WHO) de-
clared COVID-19 a pandemic on March 11, 2020 due to its 
uncontrollable spread [2]. The COVID-19 pandemic has been 
responsible for more than 649,000,000 cases and 6,600,000 
deaths as of December 2022 [3]. COVID-19 can be asympto-
matic or symptomatic. The symptomatic form may have a dis-

ease spectrum ranging from mild upper respiratory tract dis-
ease to severe interstitial pneumonia, resulting in respiratory 
failure and even death [4, 5]. Therefore, identifying potentially 
critically ill patients is extremely important. With the early de-
tection of these patients and appropriate treatment options, 
both hospitalization and mortality rates can be reduced.
In many studies, a relationship between the inflammatory 
state called cytokine storm and the deterioration of the clinical 
condition of COVID-19 patients has been reported [4, 6, 7]. It is 
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Abstract
Objectives: In COVID-19 infection, oxidative stress occurs with the abnormal release of proinflammatory cytokines and 
the disruption of the balance between oxidants and antioxidants. In our study, we aimed to investigate the relationship 
between ischemia-modified albumin (IMA), a biomarker of oxidative stress, and the severity of the disease in hospital-
ized COVID-19 patients.
Methods: One hundred and twenty-four hospitalized patients with a diagnosis of COVID-19 were included in the study. 
These patients were divided into critical and non-critical groups. Serum IMA levels were measured by the colorimetric 
albumin cobalt-binding method. The IMA-albumin ratio (IMAR) was calculated by dividing IMA values by albumin values. 
Results: The IMA and IMAR values of the critical COVID-19 group were statistically significantly higher than the 
non-critical group. In the multivariate analysis, the two variables IMAR and glucose were found to have the most 
important role in the severity of COVID-19 disease. For IMAR, the area under the ROC curve had a value of 0.725 (95% 
confidence interval 0.636–0.803).
Conclusion: IMA and IMAR levels of the critical group were found to be higher than the non-critical group in COVID 
patients. We have observed that IMAR levels are associated with the severity of the disease and that IMAR is an inde-
pendent prognostic risk factor for the disease.
Keywords: Albumin, COVID-19, IMAR, ischemia-modified albumin, oxidative stress
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accepted that cytokine storm has an important effect on the 
formation of acute respiratory distress syndrome and multiple 
organ dysfunction [6]. With the abnormal release of proinflam-
matory cytokines, and as a result of an uncontrolled inflamma-
tory response, the balance between oxidants and antioxidants 
is disrupted, resulting in oxidative stress, which stimulates in-
flammatory cells to produce a greater number of cytokines. 
Therefore, it is stated that oxidative stress plays a very important 
role in the development and maintenance of inflammation [8].

Human serum albumin is a polypeptide consisting of 585 
amino acids and three homologous helices. The region of the 
first 3 amino acids at the N-terminal has a specific binding 
site for transition metals (cobalt, copper, and nickel). This part 
of the albumin is most prone to degradation. In albumin is-
chemia/reperfusion states, the binding capacity of transition 
metals decreases. This newly formed chemically modified al-
bumin is called ischemia-modified albumin (IMA) [9].

Many studies have demonstrated the excellent potential 
of IMA as a biomarker of oxidative stress and increase in its 
levels in conditions such as pneumonia, acute coronary syn-
drome, and ischemia [10–13]. It has been reported that there 
is an increase in IMA levels in the first moments of infection in 
COVID-19 patients and that IMA is an efficient biomarker with 
relatively high sensitivity and specificity for the early stage of 
COVID-19 [14]. In a study evaluating the relationship between 
the prognosis of patients with COVID-19 infection and IMA 
levels, it was stated that IMA levels predicted the severity of 
the disease [15], while another study suggested that there was 
no significant relationship between the severity of the disease 
and IMA levels [16]. Therefore, in our study, we aimed to inves-
tigate the relationship between IMA levels and the severity of 
the disease in hospitalized COVID-19 patients.

Materials and Methods
Study population
This prospectively designed study included 124 patients who 
were diagnosed with COVID-19 at the University of Health 
Sciences Turkey, Izmir Faculty of Medicine, Izmir Tepecik 
Training and Research Hospital between March 3 and April 
15, 2022. Our hospital is a tertiary care hospital that plays a 
leading role in the management of COVID-19 throughout the 
pandemic. Informed consent for participation was obtained 
from all patients included in the study. Approval was obtained 
from the ethics committee of our institution within the Decla-
ration of Helsinki, with the decision dated February 15, 2022, 
and numbered 2022/02-42.

Patients were diagnosed as mild, moderate, severe, and crit-
ically ill based on the WHO’s survival guidelines for the clin-
ical management of COVID-19 [17]. Patients diagnosed with 
COVID were divided into two groups critical and non-critical 
(moderate and severe). The non-critical group included symp-
tomatic patients that had no indication of hypoxia or pneu-
monia as well as patients that had symptoms of moderate 

pneumonia such as dyspnea, cough, and fever and oxygen 
saturation (SpO2) ≥90% on room air. The critical group in-
cluded patients that had at least one of the following: respi-
ratory rate >30/min, severe respiratory distress, SpO2<90% on 
room air, and arterial partial pressure of oxygen/fraction inspi-
ratory O2≤300 mmHg in addition to symptoms of pneumonia 
such as dyspnea, cough, and fever as well as patients that re-
quired mechanical ventilation due to respiratory failure [17].

Analysis of parameters and data collection
Blood samples, in addition to those taken for routine analyses, 
taken from all patients were collected in clot activator tubes 
with gel (BD Vacutainer SST II Advance, lot 2068015; Becton, 
Dickinson and Company, Franklin Lakes, NJ, USA), and then 
centrifuged for 10 min at 1800g after a 30-min clotting time. 
The serum samples obtained were immediately frozen in Ep-
pendorf tubes and stored at −80°C until IMA levels were an-
alyzed. Data on demographic characteristics, symptoms, and 
comorbidities were retrieved from the hospital information 
management system.
Glucose, creatinine, total bilirubin (T.Bil), direct bilirubin 
(D.Bil), alanine aminotransferase (ALT), aspartate aminotrans-
ferase, albumin, and C-reactive protein (CRP) were analyzed 
using AU 5800 (Beckman Coulter Inc., CA), USA autoanalyzer, 
and complete blood counts were determined using a UniCel 
D×H 800 haematology analyzer (Beckman Coulter, Miami, FL, 
USA). Prothrombin time and activated partial thromboplastin 
time (aPTT) levels were studied in the Sysmex CS2500 (Sys-
mex Inc., Kobe, Japan) coagulation device. ADVIA Centaur XP 
immunoassay analyzer (Siemens Healthineers, Erlangen, Ger-
many) was used for the analysis of high-sensitivity troponin I 
(hs-TNI) and procalcitonin. Prealbumin level was analyzed on 
the BN II device (Siemens Healthineers, Marburg, Germany). 
Serum IMA levels were measured spectrophotometrically at 
470 nm by the colorimetric albumin cobalt binding method 
described by Bar-Or and expressed in absorbance units [18].
The neutrophil-to-lymphocyte ratio (NLR) was calculated by 
dividing the absolute neutrophil count (NEU) by the absolute 
lymphocyte count (LYM) and the lymphocyte-to-monocyte ra-
tio (LMR) by dividing the absolute LYMby the absolute mono-
cyte count (MON). Furthermore, the CRP-albumin ratio (CAR) 
was calculated by dividing CRP values by albumin values, and 
the IMA-albumin ratio (IMAR) was calculated by dividing IMA 
values by albumin values.

Statistical analysis
Continuous variables were expressed as mean±standard devi-
ation when the data were normally distributed, and as the me-
dian (interquartile range) when they were not normally distrib-
uted. Numbers (n) and percentages (%) were used to express 
categorical variables. The conformity of the variables to the 
normal distribution was examined using the Shapiro–Wilk test. 
In the comparison of continuous variables, the Student’s t-test 
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was used for variables with normal, and the Mann–Whitney 
U test with non-normal distribution. The Chi-square test was 
used to compare categorical variables. Pearson or Spearman 
correlation test was used to evaluate the relationship between 
variables. Univariate and multivariate binary logistic regression 
analyses were employed to evaluate the potential risk factors 
for severe COVID-19 and to estimate odds ratios (OR)and 95% 
confidence intervals (CI). When distinguishing the severity of 
COVID-19, the area under the curve (AUC) and threshold values 
were determined using receiver operating characteristic (ROC) 
curve analysis. MedCalc 15.0 (MedCalc, Ostend, Belgium) and 
SPSS 25.0 (IBM Corp., NY, USA) programs were used for statisti-
cal analysis. P<0.05 was considered statistically significant.

Results
Sixty-two critical and 62 non-critical COVID-19 patients were 
included in the study. Although the ages of the groups were 
comparable, there was a significant difference between the 
groups in terms of gender distribution (p:0.006). Although 
the most common clinical symptoms in all patients were fever 
(25.8%) and shortness of breath (36.3%), the comorbidities 
with the highest incidence were diabetes mellitus (42.7%) and 
hypertension (50%), without any significant intergroup differ-
ences in terms of these comorbidities. The mortality rates of 
the critical COVID-19 group were significantly higher (p<0.001) 
(Table 1). The IMA and IMAR values of the critical COVID-19 

group were significantly higher (p=0.022 and p<0.001), and 
the albumin, prealbumin, LYM, LMR, and PLT values were 
statistically significantly lower (p=<0.001, p<0.005, p<0.001, 
p<0.001, and p<0.04 respectively than the non -critical ill Covid 
19 patients). There was no significant difference between the 
groups in ALT, MON, and aPTT levels. Other parameters were 
found to be significantly higher in the critical ill group (Table 
2). In the correlation analysis, there was a significant positive 
correlation between IMAR and CRP, procalcitonin, NLR, and 
CAR in all cases (r=0.503, p<0.001; r=0.502, p<0.001; r=0.277, 
p=0.002; and r=0.593, p<0.001, respectively), and a significant 
negative correlation between IMAR and prealbumin, PLT, LYM, 
and LMR (r=−0.434, p<0.001; r=−0.210, p=0.023; r=−0.297, 
p=0.001; and r=−0.208, p=0.024, respectively). 
Although the gender of the patients, IMAR, CRP, CAR, glu-
cose, WBC, NEU, and NLR parameters were found to be asso-
ciated with critical COVID-19 in univariate analysis, IMAR (OR: 
3.020, 95% CI: 1.365–6.680) and glucose (OR: 1.011, 95% CI: 
1.003–1.019) were the two variables that had the most im-
portant role in the severity of COVID-19 disease in multivari-
ate analysis (Table 3). Based on the ROC curve analysis, the 
optimal cut-off point for the IMAR variable was determined 
as 2.2 (sensitivity and specificity of the cut-off points were 
62.3% and 71.9%, respectively) and AUC was determined as 
0.725. The optimal cut-off point for the glucose variable was 
determined as 131 (sensitivity and specificity of the cut-off 
points were 63.9% and 70.2%, respectively) and AUC was de-

Table 1. Demographic and clinical characteristics of COVID-19 patients

Variables  Non-critical ill  Critical ill   Total  p 
   (n=62)   (n=62)   (124)

  n  % n  % n  % 

Age (years)  70 (59–83)   71 (58–82)   71 (59–82)  0.988
Gender
 Female 32   17   49   0.006
 Male  30    45   75 
Clinical symptoms    
 Fever 19  30.6 13  20.9 32  25.8 0.218
 Cough 16  25.8 10  16.1 26  20.9 0.186
 Fatigue 13  20.9 10  16.1 23  18.5 0.488
 Headache 5  8.1 3  4.8 8  6.4 0.465
 Dyspnea 22  35.5 23  37.1 45  36.3 0.852
 Death 6  9.7 23  37.1 29  23.3 <0.001
Comorbidities    
 Diabetes mellitus 29  46.8 24  38.7 53  42.7 0.364
 Hypertension 31  50.0 31  50.0 62  50.0 1.000
 Coronary artery disease 18  29.0 13  20.9 31  25.0 0.300
 Chronic renal failure 12  19.4 14  22.6 26  20.9 0.659
 Chronic obstructive pulmonary disease 8  12.9 6  9.7 14  11.3 0.570
 Asthma 3  4.8 1  1.6 4  3.2 0.309
 Hepatitis B 2  3.2 0  0 2  1.6 0.154
 Cerebrovascular disease 5  8.1 6  9.7 11  8.8 0.752
 Malignancy 13  20.9 8  12.9 21  16.9 0.231
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termined as 0.691 (Table 4 and Fig. 1).

Discussion
The effects of albumin on the prognosis and mortality of 

COVID-19 have been focused and it has been stated that de-
creased albumin concentration may be a risk factor for mortal-
ity [15]. However, it has been suggested that albumin, besides 
acting as an important anti-inflammatory agent in our body, 
also has antioxidative and antithrombotic activities and may 

Table 2. Laboratory results of the COVID-19 patients

Test  Non-critical (n=62) Critical (n=62) p

Albumin (g/L) 31.8±4.9 26.9±6.2 <0.001
IMA (ABSU) 0.603±0.131 0.660±0.144 0.022
IMAR 0.019 (0.015–0.023) 0.025 (0.020–0.032) <0.001
CRP (mg/L) 63.6 (14.5–103.3) 105.5 (38.5–186.2) 0.002
CAR 1.76 (0.38–3.45) 4.34 (1.28–9.15) <0.001
Prealbumin (g/L) 0.13 (0.09–0.19) 0.11 (0.07–0.16) 0.005
Glucose (mmol/L) 6.5 (5.4–8.4) 8.7 (6.4–12.4) <0.001
Creatinine (µmol/L) 92.82 (63.64–133.48) 114.92 (79.56–213.93) 0.017
AST (U/L) 20.0 (15.7–30.5) 26.0 (19.0–42.2) 0.010
ALT (U/L) 15.5 (12.0–27.2) 19.5 (12.7–42.0) 0.061
Total bilirubin (µmol/L) 8.21 (6.33–10.60) 11.80 (8.04–17.27) 0.002
Direct bilirubin (µmol/L) 1.88 (1.20–2.39) 2.91 (1.88–4.96) <0.001
hs-TNI (ng/L) 7.7 (3.0–31.4) 52.9 (9.6–238.7) <0.001
Procalcitonin (ng/ml) 0.08 (0.05–0.26) 0.45 (0.16–4.43) <0.001
WBC (×109/L) 7.35 (5.37–9.67) 10.60 (7.35–14.80) <0.001
NEU (×109/L) 5.25 (3.65–7.77) 9.35 (5.20–13.75) <0.001
LYM (×109/L) 0.95 (0.60–1.50) 0.50 (0.30–0.93) <0.001
NLR 5.38 (2.87–10.73) 19.23 (9.01–37.06) <0.001
MON (×109/L) 0.60 (0.40–0.80) 0.60 (0.30–0.90) 0.990
LMR 1.67 (1.00–3.06) 0.94 (0.59–2.07) 0.001
PLT (×109/L) 217.5 (173.5–266.3) 188.0 (138.5–263.7) 0.040
PT (sec) 12.9 (12.1–14.7) 14.0 (12.7–15.4) 0.038
aPTT (sec) 26.1 (23.4–29.2) 27.3 (23.9–30.4) 0.317

IMA: Ischemia-modified albumin; IMAR: IMA/albumin ratio; CRP: C-reactive protein; CAR: CRP/albumin ratio; AST: 
Aspartate aminotransferase; ALT: Alanine aminotransferase; hs-TNI: High-sensitive troponin I; WBC: White blood cell; 
NEU: Neutrophil; LYM: Lymphocyte; NLR: Neutrophil-to-lymphocyte ratio; MON: Monocyte; LMR: Lymphocyte-to-
monocyte ratio; PLT: Platelet; PT: Prothrombin time; aPTT: Activated partial thromboplastin time.

Table 3. Regression analysis of risk factors for critical COVID-19

  Univariate   Multivariate 
  analysis   analysis

Variables p  OR (95% CI) p  OR (95% CI)

Gender 0.030  0.429 (0.200–0.922)
IMAR <0.001  3.017 (1.706–5.334) 0.006  3.020 (1.365–6.680)
CRP  0.001  1.008 (1.003–1.012)
CAR 0.001  1.233 (1.095–1.387)
Glucose 0.002  1.011 (1.004–1.017) 0.008  1.011 (1.003–1.019)
WBC 0.001  1.157 (1.060–1.263)
NEU  <0.001  1.225 (1.105–1.358)
NLR <0.001  1.077 (1.038–1.117)

OR: Odds ratio; CI: Confidence interval; IMAR: IMA/albumin ratio; CRP: C-reactive protein; CAR: CRP/albumin ratio; WBC: 
White blood cell; NEU: Neutrophil; NLR: Neutrophil-to-lymphocyte ratio.
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exhibit antiviral properties by specifically binding to the SARS-
CoV-2 spike protein S1 subunit [15].
In COVID-19 infection, modifications occur in the structure 
of albumin due to oxidative stress induced by neutrophils 
and hypoxia [15]. IMA, a form of human serum albumin in 
which N-terminal amino acids cannot bind transition met-
als, is a biomarker whose levels are increased as a result of 
hypoxia and acidosis [14].
In our study, among COVID patients, IMA and IMAR levels of the 
critical group were found to be statistically significantly higher 
than the non-critical group. IMAR levels have been associated 
with the severity of the disease, and IMAR was observed to be 
an independent risk factor for the prognosis of the disease.
In the study of Ducastel et al., [16] in which oxidative stress 
biomarkers were evaluated, COVID-19 severity classification 
was made according to the NIH classification (mild, moder-
ate, severe, and critical), and patients without CT findings 
were included in the mild class. It was determined that there 
was a significant difference between the IMA levels of the 
mild class and the other classes, and they stated that the 
level of IMA predicts disease severity and the need for inten-
sive care in patients with COVID-19.
In the study of Sanchez et al., [14] patients were divided into 
three groups according to RT-qPCR and anti-Spike S1 IgG an-
tibodies: no infection (PCR negative and IgG negative), early 
infection (PCR positive and IgG negative), and acute/active in-
fection (PCR positive and IgG positive). It was stated that a re-
markable increase in IMA levels was observed in early infected 
patients compared to the control group. In acute infection, 
IMA levels were higher than in the control group, although not 
as high as in the early infection group. It has been suggested 
that IMA in the early stage of COVID-19 has excellent diagnos-
tic value. In our study, the IMAR value was found to be moder-
ately predictive, and patients with an IMAR value above 2.2 are 
likely to have a more severe course of COVID-19 disease. IMAR 
can be used as a potential parameter to distinguish critically ill 
COVID-19 patients in need of intensive care.
Altıntaş et al. [19] could not find a statistically significant 
difference between the patients with COVID-19 pneumonia 
and the control group in terms of blood IMA levels. When 
blood IMA levels were compared according to the severity 
of pneumonia, any statistically significant difference could 
not be found between mild-moderate and severe pneumo-
nia groups. However, patients with lung involvement were 
included in both groups, and it was reported that no differ-

ence was found between mild-moderate and severe groups 
due to the classification difference between studies [19].
Yıldız et al. [20] compared IMA levels of COVID-19 patients with 
and without lung involvement. They observed that higher lev-
els of IMA, a marker of oxidative damage, were associated with 
the severity of pulmonary involvement, and suggested that 
IMA may be a predictive factor of pulmonary involvement.
Yucel et al. [21] determined that IMA levels in COVID-19 pa-
tients in the intensive care unit were relatively higher com-
pared to healthy controls. They also observed that IMA levels 
in COVID-19 patients with chronic disease were significantly 
higher compared to those without and stated that the pres-
ence of chronic disease may lead to an increase in IMA levels 
by aggravating oxidative stress.
In the study of Erol et al., [22] IMA levels of healthy pregnant 
women and pregnant patients with COVID-19 infection were 
similar, and no significant difference was found between the 
two groups. It was stated that a few minutes after the onset of 
ischemia, the levels of IMA in the blood began to rise, reached 
a peak within 6 h, and remained high up to 12 h, and indicated 
that lack of any intergroup difference in terms of IMA levels 
suggested the presence of non-acute ischemic processes.

Figure 1. ROC analysis for IMAR and glucose.
ROC: Receiver operating characteristic; IMAR: IMA-albumin ratio.
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Table 4. Prediction analysis of parameters

Biomarker AUC (95% CI) Cut-off Sensitivity (%) Specificity (%) Positive predictive Negative predictive 
   (95% CI)  (95% CI) value (%) (95% CI) value (%) (95% CI)

IMAR 0.725 (0.636–0.803) 2.2 62.3 (49.0–74.4) 71.9 (58.5–83.0) 70.4 (56.4–82.0) 64.1 (51.1–75.7)
Glucose 0.691 (0.600–0.773) 131 63.9 (50.6–75.8) 70.2 (56.6–81.6) 69.6 (55.9–81.2) 64.5 (51.3–76.3)

AUC: Area under the ROC curve; CI: Confidence interval; IMAR: IMA-albumin ratio.
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Wang et al. and Karakoyun et al. [23, 24] reported that CRP, CAR, 
and NLR parameters were significantly higher in severe COVID-19 
patients compared to the non-severe group. It has been re-
ported that the CAR parameter may be a prognostic marker to 
predict the severity of COVID-19 at the time of first admission to 
the hospital, as CAR has a higher AUC than CRP in the ROC anal-
ysis. In the study of Uzum et al., [25] the CRP and CAR values of 
patients with severe COVID-19 disease were statistically higher 
than those with mild-to-moderate severity, and the CAR value 
was found to be moderately predictive. It has been reported 
that the risk of developing severe disease may be higher when 
the CAR value is above 21.47. Similarly, in the study of Torun et 
al., [26] CRP, CAR, and NLR parameters were higher in the severe 
group. In the ROC curve analysis, the AUC of CAR was found to 
be greater than NLR and it was suggested that CAR was more 
effective than NLR in predicting the severity of COVID-19. In our 
study, similar to the literature, the CRP, CAR, and NLR values of 
the critical group were higher than that of the non-critical group.
The strengths of our study are that it had a prospective design 
and evaluated many parameters. Remarkably, it was the first 
study that assessed IMAR in COVID patients.
The limitations of our study are that it was a single-centred 
study performed on relatively few patients, in which other ox-
idative stress markers could not be evaluated.

Conclusion
IMAR can be a new biomarker for the early phase of COVID-19, 
and it may shed light on the development of preventive and 
therapeutic solutions and the mechanisms underlying the 
pathophysiology of COVID-19, as well. Therefore, we think 
that increases in IMAR levels should be taken into account in 
the early stages of infection, as serum IMAR levels may be as-
sociated with the severity of the disease, the need for inten-
sive care unit, and mortality in COVID-19 infection.
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