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ABSTRACT

Aims: In recent years, the rate of admission to intensive care in the elderly population has been increasing. We aimed to investigate
the relationship between the serum creatinine/alanine transaminase ratio (sCr/ALT), which is thought to be a simpler method
for predicting mortality in the elderly patient group instead of intensive care scoring systems that are difficult to calculate, and
mortality.

Methods: Medical records of patients treated in the intensive care unit due to acute ischemic stroke between January 2017 and
October 2021 were evaluated. The study included 189 patients over the age of 85 who were diagnosed with cerebrovascular
disease, had no known liver or kidney disease, and had a creatinine value of <1.5 mg/dl. APACHE II, SAPS II, and NIHSS scores
calculated during admission to the intensive care unit were calculated from system data and patient records. Demographic data,
additional diseases, hospital stay, laboratory values, sCr/ALT ratios and 28-day mortality status of the patients were recorded.
Results: Among the 189 patients included in the study (66 males and 123 females), the 28-day mortality rate was 65.1% (n=123).
The presence of coronary artery disease (p=0.044) was significantly higher in mortal cases. There were statistically significant
differences in APACHE II score (p<0.001), SAPS II (p<0.001), AST (p=0.008), creatinine (p<0.001), sCr/ALT ratio (p<0.001),
neutrophil/lymphocyte ratio (p=0.049), ferritin (p=0.003) and CRP (p=0.006) in mortal cases and non-mortals. In mortal cases,
NIHSS severe (>216) (p<0.001) percentage was significantly higher than in other patients. ALT (p<0.001), lymphocyte (p=0.009)
and albumin (p<0.001) values were statistically significantly lower in mortal cases than in non-mortals. When we evaluated the
28-day mortality prediction performances of the variables, the sCr/ALT ratio was found to have 85.4% sensitivity and 84.8%
specificity, the albumin value had 85.4% sensitivity and 60.6% specificity, and the APACHE II score had 61.8% sensitivity and
90.9% specificity.

Conclusion: NIHSS, APACHE II and SAPS II are used as mortality and disease severity indicators in elderly intensive care
patients with acute ischemic stroke. In comparison with these scoring systems, the sCr/ALT ratio appears to be a valuable
predictor of mortality. We found that the sCr/ALT ratio, which is easily worked on and calculated in many centers, can better
predict mortality in elderly patients with ischemic stroke.
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INTRODUCTION

According to the World Health Organization data, the number
of people aged 80 and over is expected to triple between 2020
and 2050, reaching 426 million.' The population aged 85 and
over is at the top of the population pyramid, and overall, the
mortality rate after five years of follow-up is around 42.07%.’
The expected mortality of patients aged over 85 years treated
in intensive care may, of course, be even higher. Therefore, we
may encounter more patients from this age group in intensive
care in the future.
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The human body consists of organs and systems. With age,
loss of function or changes in these systems and organs can
be observed. Serum transaminase values frequently monitor
liver function. Although the highest tissue concentration
of alanine transaminase (ALT) activity is in the cytosol of
hepatocytes, it is found throughout the human body, in the
kidney, myocardium, skeletal muscle, brain, pancreas, spleen,
and lung.® It has been reported that lowering the normal value
of ALT, whose blood value is 15-42 IU/L for men and 10-26
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IU/L for women, is beneficial in diagnosing liver diseases in
elderly patients, and this value is associated with mortality.*

Renal function values may also change with age. While there is
a 48% decrease in the number of non-sclerotic glomeruli with
age, only a 16% decrease in cortical volume can be observed.®
Renal functions are frequently followed by tests such as urea,
creatinine, albumin, estimated glomerular filtration rate
(eGFR). The serum creatinine level is approximately 0.6 to
1.2 mg/dl in men with normal kidney function and 0.5 to 1.1
mg/dL in women.” The decrease in eGFR causes an increased
serum creatinine value. There are studies associating the
serum creatinine value and the estimated glomerular filtration
rate, which can be calculated accordingly with mortality in
the elderly population.®’

The risk of cerebrovascular disease increases with age."’ He
reported that the median age at a first stroke was 65."' Age can
be seen as an unavoidable factor of stroke. In order to predict
the mortality of patients in the intensive care unit, there are
scores (APACHE II: Acute Physiology and Chronic Health
Evaluation IT or SAPS II: Simplified Acute Physiology Score 2,
NIHSS: The National Institutes of Health Stroke Scale scores)
that require many parameters to be studied and calculated.'>"

Considering the possibility of increasing the elderly
population in the future, we set out from the view that there
is a more straightforward method instead of these scoring.
Furthermore, we did not find any other study investigating
the relationship of serum creatinine/alanine transaminase
(sCr/ALT) ratio with mortality in our literature review.
Therefore, we designed this study to investigate the role of
creatine, which we know to increase in critical situations, and
its lower ratio, which we know to decrease in the elderly, in
predicting mortality.

METHODS

The study was carried out with the permission of the
Kastamonu University Clinical Researches Ethics Committee
(Date: 09.03.2022, Decision No: 2022-KAEK-26). Therefore,
the procedures followed in the study were in accordance
with the ethical standards of the committee responsible
for human experiments (institutional or regional) and the
1975 Declaration of Helsinki, revised in 2000. In order to
conduct the study, permission was obtained from the hospital
management and the privacy of personal data was protected.

Electronic medical records of patients aged 85 and over treated
for acute ischemic stroke (AIS) in the Kastamonu Training
and Research Hospital intensive care clinic were evaluated
retrospectively between January 2017 and October 2021. The
diagnosis of AIS of the patients was based on the definition
of the World Health Organization."” A total of 189 patients
over 85 years of age, diagnosed with cerebrovascular disease,
had no known previous kidney failure, had creatinine values
<1.5mg/dl, and had no known liver disease, were included in
the study. Patients with known liver disease or kidney disease,
malignancy, patients who had recent surgery (up to 3 weeks
ago), and those with a systemic disease whose regulation/
remission could not be achieved despite using treatment
and recanalization therapy patients (patients receiving
thrombolysis or thrombectomy) were excluded from the study.
APACHE 1I, SAPS II, and NIHSS scores, calculated during
admission to the intensive care unit, were calculated from
the system data and patient records. Demographic data of
patients, comorbid diseases (hypertension, diabetes mellitus,

hyperlipidemia, atrial fibrillation, coronary artery disease,
heart failure), ITU/L ALT, IU/L AST, creatinine, sCr/ALT,
glucose, mg/dl, hemoglobin, g/dl, platelet x10°/mcL, white
blood cell, x10°/mcL, Neutrophil, x10°/mcL, lymphocyte,
x10*/mcL, neutrophil/lymphocyte platelet/lymphocyte RDW
Ferritin LDL, mg/dl HDL, mg/dl triglyceride, mg/dl total
cholesterol, mg/dl albumin, g/dl CRP values and 28-day
mortality were recorded.

Statistical Analysis

All analyses were performed on SPSS v25 (SPSS Inc., Chicago,
IL, USA). Q-Q and histogram plots were used to determine
whether variables are normally distributed. Data are given
as meantstandard deviation or median (1" quartile-third
quartile) for continuous variables according to the normality
of distribution and as frequency (percentage) for categorical
variables. Normally distributed variables were analyzed with
the independent samples T test. Non-normally distributed
variables were analyzed with the Mann-Whitney U test.
Categorical variables were analyzed with the chi-square tests.
The prediction performance of the variables were assessed by
using receiver operating characteristic (ROC) curve analysis.
The optimal cut-oftf points were determined by using the
Youden Index. Multiple logistic regression analysis (forward
conditional method) was performed to determine the best
predictive factors of the 28-day mortality. In this study,
p-values less than 0.05 were considered statistically significant.

RESULTS

A total of 189 patients (66 males and 123 females) were
included in the study, with a median age of 88 (range 85 to 99).
One hundred and twenty-three (65.1%) cases were mortal in
28 days. Length of stay in hospital (p<0.001) was significantly
higher in the mortal cases than in the other patients. In
addition, the coronary artery disease (p=0.044) percentage
was significantly higher in the mortal cases than in the other
patients. We found no significant differences between groups
in terms of age, sex, and other comorbidities.

APACHE 1II score (p<0.001), SAPS II (p<0.001), AST
(p=0.008), creatinine (p<0.001), creatinine to ALT ratio
(p<0.001), neutrophil to lymphocyte ratio (p=0.049), ferritin
(p=0.003) and CRP (p=0.006) were significantly higher in the
mortal cases than in the other patients. NIHSS (>16) severe
(p<0.001) percentage was significantly higher in the mortal
cases than in the other patients. ALT (p<0.001), lymphocyte
(p=0.009), and albumin (p<0.001) were significantly lower
in the mortal cases than in the other patients. We found no
significant differences between groups in terms of glucose,
hemoglobin, platelet, white blood cell, neutrophil, platelet to
lymphocyte ratio, RDW, LDL, HDL, triglyceride, and total
cholesterol (Table 1, 2).

When we evaluated the 28-day mortality prediction
performance of the variables, we found creatinine to ALT
ratio and albumin had the highest sensitivity, APACHE II
score had the highest specificity, and positive predictive value,
creatinine to ALT ratio had the highest accuracy, negative
predictive value, and area under ROC curve (Table 3).

Multiple linear regression analysis was performed to identify
the most significant predictive factors for 28-day mortality.
We found, patients with high APACHE II score (>28) had
11.090-fold higher risk of death than other patients (OR:
11.090, 95% CI: 1.658-74.178, p=0.013). Patients with higher
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Table 1. Summary of patients characteristics, risk scores with regard to
28-day mortality

28-day mortality
Total (n=189) Yes (n=123) No (n=66) p

Age 88 (85-99) 89 (86-99)  86(85-96) 0.559
Sex
Male 66 (34.9%) 43 (35.0%) 23 (34.8%) 1.000
Female 123 (65.1%) 80 (65.0%) 43 (65.2%)
lﬁf"s‘g& {’fds:;z’ i 12 (5-27) 8(3-14)  37(20-58) <0.001
Comorbidities
Hypertension 106 (56.1%) 67 (54.5%) 39 (59.1%) 0.542
Diabetes mellitus 69 (36.5%) 48 (39.0%) 21(31.8%) 0.411
Hyperlipidemia 32 (16.9%) 18 (14.6%) 14 (21.2%) 0.344
Heart failure 77 (40.7%) 56 (45.5%) 21(31.8%) 0.094
Atrial fibrillation 72 (38.1%) 48 (39.0%) 24 (36.4%) 0.840
Coronary artery disease 59 (31.2%) 45 (36.6%) 14 (21.2%) 0.044
APACHE II score 27.02+8.31 30.14+£8.15 21.21+4.72 <0.001
NIHSS
Mild (0-4) 30 (15.9%) 7 (5.7%) 23 (34.8%) <0.001
Moderate (5-15) 83 (43.9%) 51 (41.5%) 32 (48.5%)
Severe (216) 76 (40.2%) 65 (52.8%) 11 (16.7%)
SAPSII 41.25+£9.34 45.03£7.36  34.21£8.55 <0.001

Data are given as meantstandard deviation or median (1 quartile-3 quartile) for continuous
variables according to normality of distribution and as frequency (percentage) for categorical

variables, APACHE: Acute Physiology and Chronic Health Evaluation, NIHSS: National Institues
of Healt Stroke Scale scores, SAPS: Simplified Acute Physiology Score

SAPS II (240) had 63.305-fold higher risk of death than other
patients (OR: 63.305, 95% CI: 5.911-678.009, p=0.001). Patients
with high creatinine to ALT ratio (20.059) had 426.149-fold
higher risk of death than other patients (OR: 426.149, 95% CI:
36.672-4952.097, p<0.001). Patients with low albumin (<3.41)
had 15.885-fold higher risk of death than other patients (OR:
15.885, 95% CI: 3.542-71.249, p<0.001). Patients with high
CRP (24.9) had 6.300-fold higher risk of death than other
patients (OR: 6.300, 95% CI: 1.409-28.157, p=0.016) (Table 4).

Other variables included in the model, age (p=0.414), sex
(p=0.519), coronary artery disease (p=0.072), NIHHS
(p=0.253), neutrophil to lymphocyte ratio (p=0.447) and
ferritin (p=0.935) were found to be non-significant (Figure 1,
2).
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Figure 1. Box-plot of the creatinine to ALT ratio with regard to groups

ALT: Alanine transaminase

Table 2. Summary of patients laboratory measurements with regard to 28-day mortality

Total (n=189)

ALT, IU/L 16 (11-32)
AST, IU/L 24 (17-39)
Creatinine, mg/dl 1.24+0.24

Creatinine/ALT 0.080 (0.037-0.126)

Glucose, mg/dl 132 (111-169)
Hemoglobin, g/dl 12.9 (12.5-14.0)
Platelet x10%>/mcL 208.15+75.41
White blood cell, x10°/mcL 10.0 (7.89-11.4)
Neutrophil, x10°/mcL 6.1 (5.3-6.6)

Lymphocyte, x10°/mcL 1.46 (1.1-2.39)

Neutrophil/lymphocyte 3.82 (2.37-5.25)
Platelet/lymphocyte 124.55 (90.5-176.71)
RDW 14.64+0.93
Ferritin 120.2 (74.7-334.5)
LDL, mg/dl 105.05+35.61
HDL, mg/dl 43.514£9.98

Triglyceride, mg/dl 108 (80-144.7)
Total cholesterol, mg/dl
Albumin, g/dl

CRP

153.65+45.68
3.0520.62
6.3 (4.5-8.7)

28-day mortality

Yes (n=123) No (n=66) P
13 (9-18) 36 (23-46) <0.001
27 (17-56) 21 (15-27) 0.008
1.35+0.11 1.03£0.26 <0.001
0.107 (0.073-0.153) 0.032 (0.022-0.042) <0.001
135 (110-172) 131 (113-168) 0.604
13.0 (12.6-14.0) 12.85 (12.4-13.9) 0.340
200.89+76.85 221.68+71.27 0.071
10.07 (7.7-11.4) 9.83 (7.9-11.3) 0.951
6.1 (5.25-6.6) 6.14 (5.5-6.7) 0.831
1.27 (1.01-2.2) 1.8 (1.2-2.46) 0.009
4.04 (2.39-5.38) 3.10 (2.31-4.58) 0.049
128.89 (91.21-182.61) 120.82 (88.93-172.22) 0.531
14.63+£0.94 14.66+0.92 0.788
144.5 (95.9-403.1) 103.9 (50.0-198.0) 0.003
101.86£35.02 110.99+36.21 0.093
43.15+£9.36 44.17+11.08 0.504
105 (78-144) 112.95 (86-144.7) 0.633
149.76+46.10 160.92+44.31 0.110
2.85+0.51 3.43+0.64 <0.001
6.6 (4.9-8.8) 4.9(3.9-8.1) 0.006

Data are given as mean+standard deviation or median (1 quartile-3 quartile) for continuous variables according to normality of distribution and as frequency (percentage) for categorical variables, ALT:

Alanine aminotransferase, AST: Aspartate aminotransferase, RDW: Red cell distribution width, LDL: Low density lipoprotein, HDL: High density lipoprotein, CRP: C-reactive protein
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Table 3. Performance of the variables to predict 28-day mortality

Cut-off  Sensitivity Specificity ~ Accuracy PPV NPV AUC (95.0% CI) P
APACHE II score =228 61.8% 90.9% 72.0% 92.7% 56.1% 0.817 (0.758-0.875)  <0.001
NIHSS =216 52.8% 83.3% 63.5% 85.5% 48.7% 0.739 (0.664-0.814)  <0.001
SAPS II >40 75.6% 74.2% 75.1% 84.5% 62.0% 0.826 (0.764-0.888)  <0.001
Creatinine/ALT =>0.059 85.4% 84.8% 85.2% 91.3% 75.7% 0.909 (0.867-0.952)  <0.001
Neutrophil/lymphocyte >3.94 54.5% 65.2% 58.2% 74.4% 43.4% 0.587 (0.502-0.671) 0.049
Ferritin =76 82.9% 42.4% 68.8% 72.9% 57.1% 0.630 (0.547-0.713) 0.003
Albumin <3.41 85.4% 60.6% 76.7% 80.2% 69.0% 0.753 (0.673-0.833)  <0.001
CRP >4.9 80.5% 48.5% 69.3% 74.4% 57.1% 0.622 (0.534-0.710) 0.006

PPV: Positive predictive value, NPV: Negative predictive value, AUC: Area under ROC curve, ROC: Receiver operating characteristic, CI: Confidence intervals, APACHE: Acute Physiology and Chronic
Health Evaluation, NIHSS: National Institues of Healt Stroke Scale scores, SAPS: Simplified Acute Physiology Score, ALT: Alanine aminotransferase, CRP: C-reactive protein

Table 4. Best predictive factors of the 28-day mortality, multiple logistic regression analysis

B coefficient Standard error P Exp (B) 95.0% CI for Exp (B)
APACHE II score (>28) 2.406 0.970 0.013 11.090 1.658 74.178
SAPS II (>40) 4.148 1.210 0.001 63.305 5911 678.009
Creatinine/ALT (>0.059) 6.055 1.251 <0.001 426.149 36.672 4952.097
Albumin (<3.41) 2.765 0.766 <0.001 15.885 3.542 71.249
CRP (>4.9) 1.841 0.764 0.016 6.300 1.409 28.157
Constant -7.854 1.561 <0.001

Dependent variable: 28-day mortality; Nagelkerke R*=0.859; correct prediction=92.6%

CI: Confidence interval, APACHE: Acute Physiology and Chronic Health Evaluation, SAPS: Simplified Acute Physiology Score, ALT: Alanine aminotransferase, CRP: C-reactive protein
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Figure 2. ROC curve of the variables in the logistic regression model

ROC: Receiver operating characteristic

DISCUSSION

In our study, where we evaluated the mortality markers of
patients with advanced cerebrovascular disease, when we
evaluated 28-day mortality prediction performance of the
variables, we found creatinine to ALT ratio and albumin
had the highest sensitivity, APACHE II score had the highest
specificity and positive predictive value, creatinine to ALT
ratio had the highest accuracy, negative predictive value and
area under ROC curve.

Kroélczyk et al.”” in their study including people over 80, found
that only the age factor was significantly associated with
mortality (p<0.001). In their study, mortality was observed in
79.4% of the participants >80 years of age in a 9.4-year follow-
up.

An etal." reported that decreased ALT (less than 10 U/L) level
is an independent risk factor that increases the mortality rate

after ischemic stroke in the elderly, in their study including
323 adult patients over 65 years of age who were diagnosed
with ischemic stroke for the first time. The results of this study
showed that the factors that increase the mortality rate after
ischemic stroke in the elderly are age, baseline NTHSS score at
admission (indicator of stroke severity), high sCr levels, and
significantly decreased ALT level (less than 10 IU/L). In our
study, we found that sCr/ALT ratio is a predictor of mortality
in advanced elderly (>85 years) patients with AIS, and our
result is compatible with the literature.

The incidence of malnutrition is high among older people,
and malnutrition increases the incidence and mortality of
acute kidney disease.” Serum creatinine is mainly affected
by physiological and clinical conditions that affect muscle
quality.’® A correlation between the Sarcopenia Index (SI)
[(serum creatinine/serum cystatin C)x100] and mortality,
nutritional risk/malnutrition, and sarcopenia has been
demonstratedin hospitalized olderadults (meanage 85 years)."
Renal function tests include serum creatinine level and it is
a test that can be studied in many centers. Serum creatinine
value is a remarkable data of our study. The creatinine value
of the elderly patients with acute stroke who did not survive
was found to be 1.35+0.11 and can be evaluated as normal
or close to normal at first glance. However, when compared
with survivors, it shows that there is a statistically significant
difference between them and that even small changes affect
mortality seriously.

Another value we evaluated in predicting mortality is ALT.
ALT is an enzyme synthesized in the liver and decreases with
aging.” Significantly decreased serum ALT is an independent
risk factor for mortality in the elderly population.?*?
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Additionally, a study including 329 patients with a median age
of 62.4 years reported that sarcopenia and low ALT values,
established biomarkers of frailty, are independent risk factors
for extubation failure in hospitalized patients.”” A study
examining the data of 51 831 patients with a mean age of 70.88
showed that low ALT <10 IU/L values were associated with
mortality.” In our study with AIS over the age of 85 years, the
ALT values of our surviving patients were found to be 36 IU/L
(23 1U/L-46 IU/L), and the ALT values of our patients who did
not survive were found to be 13 IU/L (9 TU/L-18) IU/L. At first
glance, these values are normal acceptable values. However,
in our study, we concluded that the difference between them
was statistically significant and that it had a serious effect on
mortality, like the sCr value.

Limitations

One of the limitations of our study is that it was studied in a
specific group. Performing this study in a larger patient cohort
may better reflect whether there is a marker of mortality in the
general population.

CONCLUSION

The result of our study is that sCr/ALT value is a more valuable
marker when compared to NIHSS, APACHE II and SAPS
IT values, which are mortality markers in advanced elderly
intensive care patients with acute ischemic stroke. In order to
calculate these scores, many parameters must be studied and
the calculation takes time. We found that in elderly patients
with ischemic stroke, a simple ratio of sCr and ALT, which can
be easily studied in many centers, can better predict mortality.
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