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ORIGINAL ARTICLE

CLINICAL SIGNIFICANCE OF ALBUMIN/GLOBULIN RATIO
FOR SURVIVAL PREDICTION IN ISCHEMIC STROKE
PATIENTS IN INTENSIVE CARE

Yogun Bakimdaki iskemik inme Hastalarinda Sag Kalim Tahmini
icin Albumin/Globulin Oraninin Klinik Onemi

Hikmet SACMACI", Tuilin AKTURK?, Halil ONDER?

ABSTRACT

Objective: Decreased level of serum albumin is shown to be associated with an increased risk of mortality
after stroke. However, the significance of the albumin/globulin ratio (AGR) as a paraclinical marker in de-
termination of the prognosis of stroke is unclear. In this study, we aimed to examine the potential utility of
AGR in determination of the need of intensive care unit monitorization and prognosis of patients with acute
stroke.

Material and Methods: Sequential samples of all the patients with acute ischemic stroke (AIS) who were
hospitalized between 2018 and 2022 in the mentioned centers were analyzed in this research. The data
regarding the demographic features, stroke subtypes, and laboratory findings including hemogram, and bi-
ochemistry were recorded. AGR, serum osmolality, and colloid osmotic pressure (COP) were also measured.
The survival curves of the patients were constructed using the Kaplan-Meier methods and log-rank tests.
Estimates of survival changes were made by applying the Cox regression analysis.

Results: Ultimately, the data of 328 patients were analyzed. Thirty nine (30.2%) had passed away before
discharge. There were significant differences between the deceased patients and patients surviving in terms
of stroke classification, serum albumin, AGR, CRP, COP, and white blood cell count (p < 0.05). Serum AGR
of 94 patients who were intensive care unit patients showed a statistical difference compared to albumin
(p < 0.05). The Cox’s regression analyses showed that low AGR moderately predicted the mortality of pa-
tients.

Conclusion: We found that the AGR provided important data regarding the necessity of critical care monito-
rization and prognosis of patients with AIS. Our findings support the potential utility of AGR as a simple, and
useful paralinical laboratory marker in patients with AlS.
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OZET

Amag: Dusiik serum albiimin dizeyinin inme sonrasi yiiksek mortalite riski ile iliskili oldugu gosterilmistir.
Ancak, albiimin/globulin oraninin (AGO) inme prognozunun belirlenmesinde paraklinik bir belirte¢ olarak
6nemi belirsizdir. Bu ¢alismada, AGO’nun akut inme hastalarinin yogun bakim tinitesi monitorizasyonuna ve
prognozuna olan ihtiyacinin belirlenmesindeki potansiyel faydasini incelemeyi amagladik.

Gereg ve Yontemler: Bu arastirmada, 2018 ile 2022 yillari arasinda adi gegen merkezlerde hastaneye yatiri-
lan akut iskemik inme (Ali) tanisi almis tiim hastalarin ardisik 6rnekleri analiz edildi. Demografik 6zellikler,
inme alt tipleri ve hemogram ve biyokimya dahil laboratuvar bulgularina iliskin veriler kaydedildi. AGO, se-
rum ozmolalitesi ve kolloid ozmotik basing (KOB) da hesaplandi. Hastalarin sagkalim egrileri Kaplan-Meier
yontemleri ve log-rank testleri kullanilarak olusturuldu. Sagkalim degisikliklerinin tahminleri Cox regresyon
analizi uygulanarak yapildi.

Bulgular: Sonug olarak 328 hastanin verileri analiz edildi. Otuz dokuz (%30,2) hasta taburcu olmadan 6nce
hayatini kaybetmisti. Olen hastalar ile hayatta kalan hastalar arasinda inme siniflandirmasi, serum albumin,
AGO, CRP, KOB ve beyaz kan hiicresi sayisi agisindan anlamli farklar vardi (p < 0,05). Yogun bakim unitesi
hastasi olan 94 hastanin serum AGO 'su albumine gore istatistiksel olarak farklilik gésterdi (p < 0,05). Cox'un
regresyon analizleri diisiik AGO’nun hastalarin mortalitesini orta diizeyde 6ngordiiginii gosterdi.

Sonug: AGO’nun Ali' li hastalarin kritik bakim monitdrizasyonunun gerekliligi ve prognozu ile ilgili 6nemli
veriler sagladigini bulduk. Bulgularimiz AGO’nun Aii' li hastalarda basit ve kullanisli bir paralinik laboratuvar
belirteci olarak potansiyel faydasini desteklemektedir.

Anahtar Kelimeler: Albiimin/Globulin Orani; Yogun Bakim Takibi; inme; Sonug; Siirveyans
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INTRODUCTION

Stroke is the foremost cause of mortality and disability
in the middle age and elderly population (1). Acute
ischemic stroke (AIS) is defined as neurological
dysfunction due to an abrupt interruption of constant
blood flow to a part of the brain (2). According
to the Trial Org 10172 in Acute Stroke Treatment
(TOAST) classification, ischemic strokes are divided
into categories such as cardioembolic, small vessel
obstruction, large artery atherosclerosis, and uncertain
etiology each of which has different causes and
pathophysiology (3).

Serum albumin is a multi-functional protein that is
synthesized only in the liver. It regulates osmotic
pressure by acting as a conductor, and it has antioxidant,
antiapoptotic, and anti-inflammatory properties (4).
Serum albumin is generally used to reflect the level of
nutrition condition, whereas serum globulin is used to
evaluate the severity of chronic inflammation. Both
albumin and globulin concentrations are affected by
various factors such as the volume status of body fluid
just like most parameters (5). On the other hand, AGR
which is calculated according to the formula of AGR
= serum Albumin / (serum Protein-serum Albumin),
combines albumin and globulin and is established
as a suitable marker to determine serum protein
abnormalities (6,7). Various recent studies remarked
on that AGR may be used as a simple and valuable
indicator for the evaluation of prognosis in various
diseases including cancer, cardiac failure, inflammatory
diseases, and cognitive deterioration (7-11). It has been
estimated that low AGR (< 1.45) after AlS significantly
increases the risk of recurrence of stroke, myocardial
infarction, or vascular diseases in long-term periods
(6).

The stroke should be regarded as a priority for public
health and therefore, determining the prognostic
factors that may contribute to the clinical management
of patients during hospitalization is important for long-
term survival. At this point, we sought to investigate
the potential relationship between the AGR at the
admission of stroke subjects and prognosis of these
patients including mortality and need of intensive care
monitorization.
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MATERIAL AND METHODS

This study was a cross-sectional analysis of the files
of hospitalized patients. The study was carried out
as multi-centered and 328 patients with AIS in the
intensive care unit and general ward in our city, a
province in the middle region of the country, were
included in the study. The patients included were those
who had been hospitalized between February 2018 and
April 2022 in the mentioned centers. The diagnosis and
treatment plan of AIS is based on the current directives
of the American Stroke Association (12).

Patients with major cardiac, renal, hepatic, and
endocrinological disorders; skeletal disorders, malign
tumors, last surgery, and especially recent acute
infections were excluded. After excluding 60 patients
due to the above-mentioned criteria, 328 patients
aged above 18 years were included in the study.
Neuroimages, anamnesis, laboratory tests, cardiac
echoes, treatments in intensive care and general wards
where the patients were hospitalized and monitored
with carotid-vertebral artery doppler ultrasonography/
angiography of 149 female and 179 male patients
included in the study were examined one-by-one.
After an in-depth examination of the data of each
patient, ischemic stroke etiological classification was
categorized as large-artery atherosclerosis (LAS),
cardioembolism (CES), and small-vessel occlusion (3).
The vascular risk groups of the patients were formed as
high blood pressure, dyslipidemia, diabetes, coronary
artery disease, and previous stroke-temporary
ischemic attack history. The information and data
about the patients were obtained from the generated
electronic data set and by reviewing the medical charts
when necessary.

All procedures performed in studies involving human
participants were under the ethical standards of the
institutional and/or national research committee
and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. The
study protocol was approved with an institutional
review of the tertiary research and application hospital
(2017-KAEK-189_2020.03.09_05).

Blood samples from all patients were taken during the
acute phase, within hours of the onset of stroke. Serum
albumin (sAlb), protein concentrations and other
laboratory examinations (blood urea nitrogen (BUN),
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serum creatinine, aspartate aminotransferase (AspAT),
alanine aminotransferase (AIAT), serum sodium-
potassium, hemoglobin, white blood cells (WBC),
platelet, C-reactive protein (CRP)) were determined
using a fully-automatic biochemical analyzer.

Serum globulin (sGlb) was calculated as the difference
between serum protein and serum albumin. AGR was
calculated as sAlb and sGlb ratio. The patients were
divided into three AGR groups based on the similar
sizes of hazard for mortality: low AGR group, AGR <1.0;
moderate AGR group, 1.1 < AGR < 1.3; high AGR group,
AGR 2 1.3. Serum osmolality was calculated as sodium,
blood urea nitrogen and glucose (serum osmolality
[mOsm / kg] = Osm = 2*Na + BUN / 2.8 + glucose /
18) while COP was calculated using the Hoefs formula
(calculated COP = Salb [1.058sGlb + 0.163sAlb + 3.11])
(13, 14).

Statistical Analysis

Main descriptive statistics were presented as number
(percentage) for categorical variables, as mean,
standard deviation (SD) for continuous variables of
normal distribution, and as median, (interquartile
range, IQR) for non-normal distribution. The presence
of normal distribution was examined with the
Kolmogorov-Smirnov test. The study also used a t-test
for the difference between means, a Mann-Whitney
U test for the difference between medians, and a x2
test to compare the rates. The comparisons of survival
by time in terms of general mortality and AlS-induced
mortality were analyzed with the Kaplan-Meier
method, and their significance was determined using
the long rank, berslow and tarone-ware tests.

The adjusted mortality model was formed using the
data with a significant difference and no multiple
linear connections for the bad surveillance. AGR
classification (categorical variable), age, sex, AspAT,
TOAST classification, CRP, comorbid diseases, and
serum osmolality were calculated using Cox regression
analysis based on their power over exitus and main
causes in etiology. A significant difference between all
results was defined as P < 0.05. The data were analyzed
using SPSS 22.0 (IBM Corp. Released 2013. IBM SPSS
Statistics for Windows, Version 22.0. Armonk, NY: IBM
Corp.) for windows.
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RESULTS

The study included 328 patients diagnosed with AIS
[149 females (45.4%), 179 males (54.6%)]. Among the
patients, 234 were hospitalized and monitored in the
neurology generalward whereas 94 had beenmonitored
in intensive. Thirty-nine of the patients who had
been monitored in the intensive care unit deceased
during the hospitazation whereas 289 patients were
discharged. The baseline demographics, clinical and
laboratory data of the patients are presented in Tables
I and Il. The data regarding the comorbidities and AGR
subgroups are presented in Table Ill. The mean age of
the patients was 71.99 + 11.44 years. The mean AGR
value was 1.97 + 12, the median was 1.30, and the
minimum and maximum values varied between 0.42
and 220.5.

As seen in Table |, there was a difference between the
patients who had passed away and who survived, in
terms of age, AspAT, albumin, globulin, AGR, CRP, WBC,
COP values, and stroke subgroup (p < 0.05). In terms
of stroke subgroup, cardioembolic stroke was the most
prevelant subgroup [21 (53.8%)] among the patients
who died whereas small-vessel occlusion was the most
common one [133 (46%)] among the patients who
were discharged.

As seen in Table I, a significant difference was found
between the patients hospitalized in intensive care
and general wards in terms of age, fasting glucose,
BUN, AspAT, protein, globulin, AGR, and CRP values
(p< 0.05). Besides; the AGR differed between groups
(p< 0.05), however, there was no difference in albumin
values (p = 0.710).

Nineteen (48.7%) patients who died and 47 (16.3%)
patients who were discharged had low AGR (Table
Il1). One hundred thirty-one (56%) patients who were
monitored in intensive care and 40 (42.6%) patients
who were monitored inwards were found to have
high AGR. The results of the Kaplan Meier analysis
showed that 19 (48.71%) patients with low AGR
values, 9 (23.07%) patients with high AGR values,
and 11 (28.20%) patients with moderate AGR values
were associated with decreasing mortality in the
following days in terms of survival (p < 0.001) (Figure
1). According to the Cox regression model established
in Table IV; age, AspAT enzyme, serum osmolality,
and AGR were found to be associated with the exitus
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Table 1. Baseline characteristics stratified by outcome.
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Deceased patients (N = 39) Living patients (N = 289) P

Age (years) 80 (73-85) 72 (64-79) <0.001
Sex (Female) (n) (%) 20(51.3) 129 (44.6) 0.541*

(Male) (n) (%) 19 (48.7) 160 (55.4)
TOAST classification (%)
Cardioembolism 21 (53.8) 91 (31.5) 0.003**
Large-artery atherosclerosis 9(23.1) 60 (20.8)
Small-vessel occlusion 8(20.5) 133 (46)
Undetermined etiology 1(2.6) 5(1.7)
Serum glucose (mg/dL) 132.80 (107-179) 118 (100-149.60) 0.082
Blood urea nitrogen (mg/dL) 18.80 (17-37.5) 21 (18.17-31) 0.251
Creatinine (mg/dL) 0.95 (0.81-1.19) 0.92 (0.75-1.10) 0.297
AspAT (U/L) 23 (18-29.5) 18 (14.05-23.56) 0.001
AIAT (U/L) 16 (11-23) 14.60 (11-21.65) 0.329
Serum protein (mg/dL) 6.72 (6.50-6.95) 6.72 (6.39-7.10) 0.505
Albumin (mg/dL) 3.40 (2.88-4.00) 3.86 (3.52-4.10) <0.001
Globuline (mg/dL) 3.19 (2.86-3.72) 2.90 (2.68-3.20) 0.001
AGR 1.15 (0.78-1.29) 1.32(1.15-1.48) <0.001
CRP (mg/L) 13.51 (4.63-28.5) 3.55 (1.87-11.48) <0.001
Serum sodium (mEg/L) 139 (137-141) 138.63 (137-140) 0.228
Serum potassium (mEg/L) 3.99 (3.75-4.55) 4.20 (3.90-4.55) 0.200
Hemoglobin (g/dL) 13.54 +1.77 13.06 £ 1.97 0.122°
WBC (10%/uL) 10.67 (8.89-14.20) 8.30(6.93-10.23) <0.001
Platelet (10%/uL) 232 (172-349) 227 (179.5-269.5) 0.744
Serum osmolality 294.25 293.04 0.251
(mOsm/kg) (289.45-303.76) (289.15-298.69)
cCOP (mmHg) 24.35 (19.55-26.85) 26.11 (23.60-28.37) 0.004

AGR: Albumin-to-globulin ratio; AspAT: Aspartate aminotransferase; AIAT: Alanine aminotransferase cCOP: Calculated colloid osmotic pres-
sure, CRP: C-reactive protein, WBC: White blood cell. * Yates correction,** Fisher's exact test. a Student’s t test, others: Mann-Whitney U

test, p < 0.05 statistical significant.

(p < 0.05, all). Hazard ratio (HR) and 95% confidence
interval (Cl) was shown for the risk of study outcomes
associated with the AGR.

As seen in Table V, the most common subtype was
cardioembolic stroke in the low AGR. The following
subtypes in the low AGR group, was the large artery
stroke [16 (24.2%)] and the small vessel disease group
[17 (25.8%)]. The rates of other stroke subtypes
according to the distinct AGR levels are presented in
the same table (p = 0.018).

DISCUSSION
In this study, we found that low serum AGR was

associated with poor survival in patients with AlIS.
Additionally, the importance of AGR evaluation
within the first 24 hours especially in patients who
were hospitalized in intensive care was revealed.
AGR as well as albumin is important for patients who
survived and died, and it was found that AGR showed
more significance in patients who were hospitalized
in the intensive care unit than albumin. We did not
find differences in serum albumin level between the
patients who were monitorized in intensive care and
those in neurology. In terms of the type of hospitazation
and survival rates, the low AGR value was found to be
significantly correlated with a poor course. In addition,
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Table 2. Basic features of the patients according to the units.

General Ward (N = 234) Intensive Care Unit (N = 94) P

Age (years) 73 (64-79) 75 (68-84) 0.005
Sex (Female) (n) (%) 101 (43.2%) 48 (51.1%) 0.194*

(Male) (n) (%) 133 (56.8%) 46(48.9%)
TOAST classification (%)
Cardioembolism 68 (29.1%) 44 (46.8%) <0.001**
Large-artery atherosclerosis 37 (15.8%) 32 (34%)
Small-vessel occlusion 124 (53%) 17 (18.1%)
Stroke of undetermined etiology 5(2.1%) 1(1.1%)
Fasting glucose (mg/dL) 115 (98.75-148.42) 129 (105.75-159.12) 0.012
Blood urea nitrogen (mg/dL) 22 (18.17-34) 18.17 (17-25.37) 0.035
Creatinine (mg/dL) 0.92 (0.76-1.09) 0.94 (0.75-1.16) 0.529
AspAT (U/L) 18 (14-23.3) 21 (16.52-26.10) 0.009
AIAT (U/L) 14.10 (10.77-21.25) 16 (11-22.92) 0.175
Serum protein (mg/dL) 6.72 (6.35-7) 6.79 (6.60-7.36) 0.035
Albumin (mg/dL) 3.86 (3.5-4.10) 3.82 (3.30-4.20) 0.710
Globuline (mg/dL) 2.86 (2.64-3.20) 3.03 (2.79-3.44) 0.004
AGR 1.31(1.15-1.48) 1.26 (1.02-1.43) 0.030
CRP (mg/L) 3.18 (1.49-9.14) 10.89 (3.37-21.67) <0.001
Serum sodium (mEg/L) 138.63 (137-140) 138.63 (136-140) 0.845
Serum potassium (mEg/L) 4.2 (3.90-4.51) 4.17 (3.80-4.60) 0.489
Hemoglobin (g/dL) 13.57+1.78 13.26 +1.85 0.151°
WBC (10%/uL) 8.28 (6.86-10.09) 9.31(7.72-13.10) <0.001
Platelet (10%/ul) 221 (176-262.25) 236 (179.25-314) 0.127
Serum osmolality (mOsm/kg) 293.40 (290-299) 292 (288-297) 0.076
cCOP (mmHg) 26.05 (23.45-27.83) 26.31(22.14-29.28) 0.498

AGR: Albumin-to-globulin ratio; AspAT: Aspartate aminotransferase; AIAT: Alanine aminotransferase CRP: C-reactive protein, WBC: White
blood cell, cCOP: Calculated colloid osmotic pressure, * Pearson chi-square, ** Fisher's exact test. a Student’s t test, others: Mann-Whitney
U test, p < 0.05 statistical significant.

Table 3. Comorbidities and AGR according to clinical follow-up and outcome classifications.

Deceased patients  Living patients P General Ward Intensive Care Unit P
Hypertension (n) (%) 34 (87.2) 235(81.3) 0.501* 189 (80.8) 80(85.1) 0.355*
Diabetes (n)(%) 16 (41) 111 (38.4) 0.889* 86 (36.8) 41 (43.6) 0.248**
Prior stroke or TIA (n) (%) 16 (41) 80 (27.7) 0.126* 60 (25.6) 36 (38.3) 0.023**
CAD (n) (%) 19 (48.7) 87(30.1) 0.031* 59(25.2) 47 (50) <0.001*
Dyslipidemia (n)(%) 21(53.8) 132 (45.7) 0.430* 103 (44) 50 (53.2) 0.132*
AGR classification <0.001* 0.015*
Low AGR 19 (48.7) 47 (16.3) 38(16.2) 28(29.8)
Moderate AGR 11(28.2) 80 (27.7) 65 (27.8) 26 (27.7)
High AGR 9(23.1) 162 (56.1) 131 (56) 40 (42.6)

TIA: Transient ischemic attack, CAD: Coronary artery disease, AGR: Albumin-to-globulin ratio. * Yates correction ** Pearson chi-square,
p < 0.05 statistical significant.
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Figure 1. Mortality curve over time based on AGR classification (Kaplan Meier Survival Analysis) (Kaplan Meier
Survival Analysis), Survival Time: 60 + 25.631 days (9.763-110.237), AGR: Albumin-to-globulin ratio.

Table 4. Multivariate survival analysis in Cox’s regression model.

B SE Wald Sig. Exp(B) 95.0% CI for Exp(B)
Covariate Lower- Upper

Age 0.04 0.02 3.93 0.04 1.04 1.00-1.09

Sex 0.33 0.38 0.75 0.38 1.39 0.66-2.94
TOAST classification 2.52 0.47

CES 0.63 1.24 0.26 0.60 1.88 0.16-21.44

LAA 0.07 1.29 0.00 0.95 0.92 0.07-11.60

svo 0.60 132 021 0.64 1.83 0.13-24.53

Hypertension 0.36 0.56 0.42 0.51 1.44 0.47-4.36

Diabetes mellitus 0.02 0.42 0.00 0.95 1.02 0.44-2.34

Prior stroke / TIA 0.73 0.47 2.45 0.11 2.08 0.83-5.24

CAD 0.61 0.44 1.93 0.16 0.54 0.22-1.28

Dyslipidemia 0.41 0.43 0.92 0.33 0.66 0.28-1.53

CRP 0.00 0.00 1.72 0.18 1.00 0.99-1.01

AspAT 0.04 0.01 12.72 <0.01 1.04 1.01-1.06

Serum osmolality 0.02 0.00 5.64 0.01 1.02 1.00-1.03
AGR groups 6.88 0.03

Low AGR 1.04 0.48 4.73 0.03 0.35 0.13-0.90

Moderate AGR 111 0.49 5.09 0.02 0.32 0.12-0.86

CES: Cardioembolism, LAA: Large-artery atherosclerosis, SVO: Small-vessel occlusion, TIA: Transient ischemic attack, CAD: Coronary artery
disease, Low AGR Group: AGR < 1.1, Moderate AGR Group: 1.1 < AGR < 1.3, Cox regression analysis, enter method (Omnibus test p = 0.000,
chi square = 105.309, -2 log likelihood = 329.654, ) AspAT: Aspartate aminotransferase;
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Table 5. Chi-square table based on between AGR and TOAST classification.

AGR Classification
Low AGR Group Moderate AGR Group High AGR Group

Cardioembolism (N =112) 32 35 45
% Within TOAST 28.6% 31.2% 40.2%
% Within AGR 48.5% 38.5% 26.3%
Large-artery atherosclerosis (N = 69) 16 16 37
% Within TOAST 23.2% 23.2% 53.6%
% Within AGR 24.2% 17.6% 21.6%
Small-vessel occlusion (N = 141) 17 39 85
% Within TOAST 12.1% 27.7% 60.3%
% Within AGR 25.8% 42.9% 49.7%
Undetermined etiology (N = 6) 1 1 4
% Within TOAST 16.7% 16.7% 66.7%
% Within AGR 1.5% 1.1% 2.3%
TOTAL 328 66 91 171

20.1% 27.7% 52.1%

p=00.018, x2 = 15.307 df = 6, TOAST; According to the Trial Org 10172 in Acute Stroke Treatment; AGR; Albumin-to-globulin ratio.

this study evaluates the importance of AGR according
to the TOAST classification, which contributes to
intensive care hospitalizations.

The first hours after acute stroke are most critical times
for adjusment of the effective treatments. Reliable and
simple predictive indicators must be determined to
prevent the recurrence of stroke (15). Natural healing
models should be further examined to evaluate the
effectiveness of current healing interventions (16).
Albumin is involved in many reactions in the body,
but it is a negative phase reactant, and its synthesis
decreases in acute and chronic inflammation. Serum
albumin is synthesized in the liver and it has antioxidant
features such as normal microvascular permeability
and coagulation (17). Previous studies showed that
plasma protein synthesis is inhibited in malnourished
patients (18). Hypoalbuminemia may increase the
tendency toward proinflammatory conditions as well
as increase morbidity and mortality (5). Serum albumin
and globulin are two main compounds of serum
total protein and these can be measured easily and
inexpensively (19). A decrease in AGR that is calculated
with the formula is correlated to a decrease in albumin
level and an increase in globulin level.

Increases and decreases in albumin and globulin levels
basically change the plasma oncotic pressure. COP

which is known as the oncotic pressure that balances
the fluid distribution between intravascular and
extravascular compartments is regulated by serum
protein (essentially sAlb) and the endothelium barrier
(20). Changes in COP are correlated to fluid drifts
between compartments and this impairs vascular
permeability and results in the transition of small-
molecular-weight particles such as albumin to the
extravascular range. However, globulin has a higher
weight than albumin and it may not perform barrier
transition (21). Therefore, AGR which reflects the
globulin value remaining in the cell is regarded as an
indicator that defines different pathophysiological
mechanisms from COP, total sPrt or sAlb concentration
(11). Globulin is a significant part of non-albumin
protein and it consists of numerous proinflammatory
proteins such as immunoglobulins, supplements, and
C-reactive protein. High globulin levels are thought to
indicate inflammation and/or host immunity (22). All
these results on nutrition and inflammatory condition
led us to conclude that AGR is significant for the AlS
population. Although AGR has been investigated since
1917, the number of evidence supporting its prognostic
value has recently increased with the majority of
studies on patients with cancer, kidney failure, and
cardiac patients (5, 11, 23, 24). It was emphasized
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that decreased serum albumin concentration in acute
stroke patients reflects malnutrition condition during
stroke, and its deficiency in total protein concentration
indicates changing hepatic synthesis or transvascular
albumin loss. It was asserted that a decrease in
AGR cannot only be associated with the nutritional
condition (25). Beamer et al. emphasized that low AGR
in AIS may increase the risk of vascular complications
after stroke since it increases plasma viscosity due
to globulin and fibrinogen increase (6). Maeda et al.
revealed that low serum AGR accompanies cognitive
impairment in the population aged between 70 and 80
(7). In our study, it was observed that both those who
died and those who were hospitalized in intensive care
were older.

Another point emphasized in this study is that
cardioembolic stroke among TOAST classification was
observed more in patients who were hospitalized in
intensive care. That is, the significant effect on the AGR
level is due to cardiovascular changes. In addition, the
fact that cardioembolic patients are in the majority
of the low AGR group shows us the importance of
multisystemic evaluation of the causes that may lead
to low AGR. With increasing age, the inflammatory
process and cardiac insufficiency of patients may play a
role in the occurrence of low AGR. According to the Cox
regression analysis results of the patients, low AGR was
once again shown as one of the indicators of mortality.
It is seen that stroke is not a clinical entity on its own
according to all these data. Multisystemic findings and
comorbid conditions that emerge with increasing age
in patients complicate the management of the stroke
patient and negatively affect the risk of complication,
duration of hospital stay, and treatment success.
Compared to the low AGR group, there is a gradually
increasing need for intensive care follow-up from
the moderate AGR group to the high AGR group.
Preventing the increase in plasma viscosity with
increasing age should be brought into prominence in
terms of preventive medicine and especially the elderly
population on which this increase is higher should be
motivated.

The present study has some limitations. First, it
consisted of a compilation of etiological studies that
we routinely performed in the hospital. We could not
do extra research because it would require a budget.
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Secondly, AGR was obtained through a formula. No
direct measurements were made. Also, there are no
records regarding the nutritional conditions of the
patients. The level of the liver reserve can significantly
affect the clinical results of patients since albumin
is synthesized in the liver, but glutamic-pyruvic
transaminase, and glutamic-oxalocetic transaminase
tests were not evaluated in this study since the
primarily evaluated parameter was liver functions.
Despite these limitations, the researchers verified all
ischemic stroke results documented in the medical
records with simultaneous radiological studies and
etiological scans with simultaneous consultations to
ensure the accuracy of patient data in the study.

CONCLUSION

In conclusion, our findings may suggest the low AGR
even more than albumin in the first 24 hours of AIS
requires intensive care follow-up, and considering the
multifactorial relationship of cardioembolic stroke
with low AGR, it may be associated with the poor
outcome when the correlation between mortality and
surveillance. Therefore, patients who come to the
general emergency should be examined not only for
a stroke but also as a general system. Further studies
should be conducted to confirm these findings and
whether management changes in the AIS patient
group will decrease the stroke load. It is also a matter
of curiosity whether therapeutic strategies for patients
at high risk of AGR can improve their long-term clinical
outcomes and will be important for future studies.

Acknowledgment

The author(s) declared no potential conflicts of
interest concerning the research, authorship, and/or
publication of this article.

REFERENCES

1. Scrutinio D, Lanzillo B, Guida P, Passantino A, Spaccavento S,
Battista P. Association Between Malnutrition and Outcomes in
Patients With Severe Ischemic Stroke Undergoing Rehabilitation.
Arch Phys Med Rehabil, 2020;101(5):852-60.

2. Phipps MS, Cronin CA. Management of acute ischemic stroke. BMJ
(Clinical research ed). 2020;368:16983.

3. Adams HP, Jr., Bendixen BH, Kappelle LJ, Biller J, Love BB,

Gordon DL, et al. Classification of subtype of acute ischemic stroke.



SACMACI et al.
Albumin/globulin ratio and ischemic stroke

Definitions for use in a multicenter clinical trial. TOAST. Trial of Org
10172 in Acute Stroke Treatment. Stroke. 1993;24(1):35-41.

4. Boldt J. Use of albumin: an update. BrJ Anaesth, 2010;104(3):276-
84.

5. Wu PP, Hsieh YP, Kor CT, Chiu PF. Association between Albumin-
Globulin Ratio and Mortality in Patients with Chronic Kidney Disease.
J Clin Med, 2019 Nov 15;8(11):1991.

6. Beamer N, Coull BM, Sexton G, de Garmo P, Knox R, Seaman
G. Fibrinogen and the albumin-globulin ratio in recurrent stroke.
Stroke. 1993;24(8):1133-9.

7. Maeda S, Takeya Y, Oguro R, Akasaka H, Ryuno H, Kabayama M.
Serum albumin/globulin ratio is associated with cognitive function
in  community-dwelling older

people: The Septuagenarians,

Octogenarians, Investigation with Centenarians
study. 2019;19(10):967-71.

8. Azab B, Kedia S, Shah N, Vonfrolio S, Lu W, Naboush A, et al.

Nonagenarians

The value of the pretreatment albumin/globulin ratio in predicting
the long-term survival in colorectal cancer. Int J Colorectal Dis,
2013;28(12):1629-36.

9. Duran AQ, Inanc M, Karaca H, Dogan |, Berk V, Bozkurt O, et al.
Albumin-globulin ratio for prediction of long-term mortality in lung
adenocarcinoma patients. Asian PacJ Cancer Prev, 2014;15(15):6449-
53.

10. Lin YC, Kor CT, Su WW, Hsu YC. Risk factors and prediction score
for chronic pancreatitis: A nationwide population-based cohort
study. World J Gastroenterol, 2018;24(44):5034-45.

11. Niedziela JT, Hudzik B, Szygula-Jurkiewicz B, Nowak JU, Polonski
L, Gasior M, et al. Albumin-to-globulin ratio as an independent
predictor of mortality in chronic heart failure. Biomark Med,
2018;12(7):749-57.

12. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis
NC, Becker K, et al. 2018 Guidelines for the Early Management of
Patients With Acute Ischemic Stroke: A Guideline for Healthcare
Professionals From the American Heart Association/American Stroke
Association. Stroke. 2018;49(3):e46-e110.

13. Hoefs JC. Globulin correction of the albumin gradient: correlation
with measured serum to ascites colloid osmotic pressure gradients.
Hepatology (Baltimore, Md). 1992;16(2):396-403.

14. Berska J, Bugajska J, Sztefko K. The accuracy of serum osmolarity
calculation in small children. ) Med Biochem, 2023;42(1):67-77.

15. Acharya P, Jakobleff WA, Forest SJ, Chinnadurai T, Mellas N,
Patel SR, et al. Fibrinogen Albumin Ratio and Ischemic Stroke During
Venoarterial
2020;66(3):277-82.

16. Boyd LA, Hayward KS, Ward NS, Stinear CM, Rosso C, Fisher

RJ, et al. Biomarkers of stroke recovery: Consensus-based core

Extracorporeal Membrane Oxygenation. Asaio J,

Bozok Tip Derg 2024;14(4):269-277
Bozok Med J 2024;14(4):269-277

recommendations from the Stroke Recovery and Rehabilitation
Roundtable. Int J Stroke, 2017;12(5):480-93.

17. Roche M, Rondeau P, Singh NR, Tarnus E, Bourdon E.
The antioxidant properties of serum albumin. FEBS Lett,
2008;582(13):1783-7.

18. Zhang Q, Lei YX, Wang Q, Jin YP, Fu RL, Geng HH, et al. Serum
albumin level is associated with the recurrence of acute ischemic
stroke. Am J Emerg Med, 2016;34(9):1812-6.

19. Zhang Y, Zhu JY, Zhou LN, Tang M, Chen MB, Tao M. Predicting
the Prognosis of Gastric Cancer by Albumin/Globulin Ratio and the
Prognostic Nutritional Index. Nutr Cancer, 2020;72(4):635-44.

20. Groeneveld AB. Albumin and artificial in fluid
management: where does the clinical evidence of their utility stand?
Crit Care, 2000;4 Suppl 2(Suppl 2):516-20.

21. Bonilla-Palomas JL, Gamez-Lépez AL, Moreno-Conde M,

colloids

Lopez-lbdfiez MC, Anguita-Sanchez M, Gallego de la Sacristana
A, et al. Hypoalbuminemia in acute heart failure patients: causes
and its impact on hospital and long-term mortality. J Card Fail,
2014;20(5):350-8.

22. Du XJ, Tang LL, Mao YP, Guo R, Sun Y, Lin AH, et al. Circulating
EBV DNA, Globulin and Nodal Size Predict Distant Metastasis after
Intensity-Modulated Radiotherapy in Stage |l
Carcinoma. J Cancer, 2016;7(6):664-70.

23. Hurwitz SH, Whipple GH. Studies on The Blood Proteins : IIl. The

Nasopharyngeal

Albumin-Globulin Ratio In Experimental Intoxications and Infections.
J Exp Med,1917;25(2):231-53.

24. Lv GY, An L, Sun XD, Hu YL, Sun DW. Pretreatment albumin to
globulin ratio can serve as a prognostic marker in human cancers: a
meta-analysis. Clin Chim Acta, 2018;476:81-91.

25. Coull BM, Beamer N, de Garmo P, Sexton G, Nordt F, Knox R, et al.
Chronic blood hyperviscosity in subjects with acute stroke, transient
ischemic attack, and risk factors for stroke. Stroke. 1991;22(2):162-8.



