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Purpose: The aspartate transaminase/alanine transaminase ratio (De Ritis ratio, AAR) was
reported to be associated with patients’ prognosis in certain diseases recently. The objective
of the current study was to determine the association between the AAR at admission and poor
outcome at 3 months in acute ischemic stroke (AIS) patients.

Patients and methods: This retrospective cohort study included patients who experienced
their first-ever AIS between June 2015 and March 2016. The primary outcome measure was a
poor outcome at 3 months (modified Rankin Scale score >2). Multivariate logistic regression
models were used to assess the relationship between AAR quartiles and clinical outcomes among
the AIS patients. Receiver operating characteristic curve analysis was applied to identify the
optimal cutoff for AAR in predicting the prognosis of AIS.

Results: In terms of the relationship between poor outcome and AAR, the adjusted odds ratio
comparing the highest and lowest AAR quartiles was 2.15 (95% confidence interval =1.14-4.05).
An AAR of 1.53 was identified as the optimal cutoff. In a prespecified subgroup analysis
according to the time from symptom onset to treatment (>24 vs =24 hours), there was no
significant difference in the effect of AAR >1.53 between the two groups.

Conclusion: An increased AAR at admission is significantly associated with a poor outcome
at 3 months in AIS patients.

Keywords: De Ritis ratio, stroke, prognosis, aspartate transaminase, alanine transaminase,
modified Rankin scale, poor outcome

Introduction
Stroke is a severe disease with high disability and mortality rates and ranks as the second
most common cause of death and the third most common cause of disability worldwide.'
Early prediction of the prognostic outcome of stroke patients is beneficial for ensuring
that they receive the appropriate attention from clinicians when they are admitted to
hospital, which may have positive effects on treatment and improve their functional
recovery. Additional research on the prognosis of stroke is urgently needed.
Aspartate transaminase (AST) and alanine transaminase (ALT) are two blood
enzymes that are reportedly positively correlated with functional outcome after acute
ischemic stroke (AIS).>* This relationship might be due to the metabolic effects of
AST and ALT in reducing the blood glutamate level. The release of excessive gluta-
mate into the brain parenchyma after ischemic stroke would lead to neuronal injury.
Lowering of the blood glutamate level according to the AST and ALT levels could
therefore result in the transfer of glutamate from the brain into the peripheral blood
(following the concentration gradient) and thereby exert a neuroprotective effect in AIS
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patients.*® Previous studies have also described AST as being
associated with the cerebral infarct size and hemorrhagic
transformation after AIS.>!° As a routine noninvasive labora-
tory test, the AST/ALT ratio (De Ritis ratio, AAR) represents
the simultaneous alteration of AST and ALT levels, which
has been used to assess the risk of critical limb ischemia in
peripheral arterial occlusive disease and nonalcoholic fatty
liver disease, and treated as a prognostic marker for diseases
such as nonmetastatic renal cell carcinoma and upper urinary
tract urothelial carcinoma.''¢

To the best of our knowledge, no previous study has
considered using AAR to predict the prognosis of AIS or
has integrated this ratio in a risk model of AIS. The modified
Rankin Scale (mRS) is a commonly used index for evaluating
the level of functional independence in the daily activities of
stroke patients. It has been used in most literature focusing on
the prognosis of stroke. Therefore, the present study aimed
to, 1) determine the potential associations of AAR with the
prognosis of AIS defined as mRS score at 3 months, and
2) explore if AAR is correlated with disease severity at admis-
sion indicated by the National Institutes of Health Stroke
Scale (NIHSS), and bleeding during hospitalization.

Materials and methods

Patients

This retrospective cohort study involved AIS patients who
were consecutively admitted to the Department of Neurology,
the First Affiliated Hospital of Xi’an Jiaotong University from
June 2015 to March 2016. All of the patients were diagnosed
in accordance with the World Health Organization criteria
and diagnosis was further confirmed by brain computed
tomography or magnetic resonance imaging in the hospital.
Only patients with a first episode of ischemic stroke within
7 days from stroke onset were enrolled in the study. The follow-
ing exclusion criteria were applied: 1) severe hepatic diseases,
renal disease, or hematologic diseases; 2) previous disability;
3) cancer; 4) no AST and ALT data available at admission;
or 5) no information on the functional outcome at 3 months
after stroke. The study was approved by the ethics committee
for medical research at the First Affiliated Hospital of Xi’an
Jiaotong University. Because of the retrospective nature of the
study, the requirement of written informed consent was waived
by the review board. Patients’ privacy information has been
deleted for the whole process of data analysis.

Data collection
The following data on basic characteristics were collected:
1) demographic data — age and gender; 2) vascular risk

factors — current smoking, current alcohol intake, hypertension,
diabetes mellitus (DM), and dyslipidemia; 3) parameters
measured at admission — systolic and diastolic blood pres-
sures, Glasgow Coma Scale (GCS) score, symptom onset to
treatment time (OTT); 4) blood serum levels in laboratory
tests — fasting glucose, total cholesterol (TC), triglycerides
(TGs), high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), AST, and ALT,;
5) recombinant tissue plasminogen activator (rtPA) treat-
ment; and 6) stroke subtype.

The primary outcome was mRS score assessed at 3 months
after stroke, with scores of 0-2 and 3—6 defined as good and
poor outcomes, respectively.>'”!® Secondary outcomes were
stroke severity at admission according to NIHSS and bleeding
in any body part after treatment during hospitalization. The
NIHSS score was dichotomized into =<5 and >5." Both the
mRS and NIHSS scores were evaluated by trained neurolo-
gists. mRS data after discharge were obtained by telephone.

Blood samples were collected from all AIS patients upon
their arrival at hospital. Biochemical analysis was performed
in the Clinical Laboratory of the First Affiliated Hospital
of Xi’an Jiaotong University. All laboratory indicators
were measured using an automatic biochemistry analyzer
(BJ-G188; Hitachi, Tokyo, Japan).

Hypertension was defined as the current use of antihyper-
tensive medications, a systolic blood pressure of =140 mmHg,
and/or a diastolic blood pressure of =90 mmHg.?° DM was
defined as a previous diagnosis of and treatment for DM,
a fasting glucose of =7.0 mmol/L (=126 mg/dL), a value of
glucose concentration in the 2-hour oral glucose tolerance test,
or arandom plasma glucose concentration of =11.1 mmol/L
(200 mg/dL) in the presence of the classic symptoms of
hyperglycemia or a hyperglycemic crisis.?! Dyslipidemia
was defined as TC =6.22 mmol/L, TGs =2.26 mmol/L,
LDL-C =4.14 mmol/L, or HDL-C <1.04 mmol/L.'” Stroke
subtype was defined according to the TOAST (Trial of ORG
10172 in Acute Stroke Treatment) classification.?

Statistical analysis
The patients were categorized into four subgroups according
to AAR quartiles. Basic characteristics information was
compared between the four AAR groups using the Kruskal—
Wallis test for continuous variables and the Pearson y* test
(modified by Fisher’s exact test) for categorical variables. The
AST and ALT levels and AAR were compared between two
groups (mRS score >2 and =2) with the Mann—Whitney U'test.
Univariate and multivariate nonconditional logistic
regression models were used to assess the relationship
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between AAR quartiles and outcomes among the AIS
patients. In a multivariate model, odds ratio (OR) and 95%
confidence interval (95% CI) values in the AAR subgroups
were determined after adjusting for sex, age, current smoking,
alcohol intake, hypertension, DM, dyslipidemia, OTT, GCS
score, and thrombolytic therapy with rtPA. The lowest
quartile was treated as the reference.

Receiver operating characteristics (ROC) curve analysis
was performed to identify the optimal cutoff for the continu-
ous AAR to predict a poor outcome at 3 months after stroke.
The optimal cutoff was determined based on maximizing
the Youden index. The area under the ROC curve (AUC)
with 95% CI, sensitivity, and specificity are presented. AAR
was transformed into a dichotomous variable according to
its optimal cutoff. This dichotomous variable of AAR was
tested in a multivariate logistic regression model.

Subgroup analysis was conducted and stratified by the
prespecified factor (OTT =24 and >24 hours). Adjusted
covariates included in the multivariate logistic regression
model were sex, age, current smoking, alcohol intake,
hypertension, DM, hyperlipidemia, OTT, GCS score, and
thrombolytic therapy with rtPA. An interaction term was
included in the multivariate logistic regression model to test
if the effect of AAR changed with the OTT. A two-sided test
with P<<0.05 was considered to be statistically significant.
All analyses were conducted using Statistical Package for
the Social Sciences (SPSS) software version 24.0 (IBM,
Chicago, IL, USA).

Results

In total, 421 AIS patients were finally included in the study.
Patients who had serious hepatitis (n=2), had no data on AST
or ALT at admission (n=23), or were lost to follow-up at
3 months (n=2) were excluded.

Basic information and clinical outcomes in the four
subgroups are presented in Table 1. The AAR values
were <0.84,0.84-1.1, 1.1-1.45, and >1.45 in subgroups 1,
2,3, and 4, respectively. The proportion of males was 75.5%
in subgroup 1 and 50.5% in subgroup 4. The proportion of
males decreased as AAR increased (P<<0.001). The median
age increased with increasing AAR (P<<0.001). For vascular
risk factors, the prevalence rates of smoking and alcohol
intake were significantly lower when AAR was higher (both
P<0.05). The prevalence rates of hypertension, DM, and
dyslipidemia did not vary significantly with AAR. The dia-
stolic blood pressure, TGs, and ALT decreased, while HDL-C
and AST increased (all P<<0.05) with increasing AAR.
The proportion of patients with a lower GCS score (0-7)

was considerably higher in subgroup 4 than in the other
three AAR subgroups (P=0.005). The distribution of stroke
subtypes according to TOAST classification varied widely
between the four AAR subgroups (P=0.007). With increasing
AAR, the number of patients with the large-artery subtype
of atherosclerosis appeared to decrease, while the number of
cardioembolic stroke patients increased. The proportion of
those receiving rtPA did not differ significantly between
any of the AAR subgroups. In terms of clinical outcome,
the percentages of patients with a poor outcome at 3 months
were 34.9%, 44.8%, 43%, and 58.3% in AAR subgroups 1-4,
respectively (P=0.008). There were no evident differences
in NIHSS score or bleeding during hospitalization among
the AAR subgroups.

The AST and ALT levels and AAR are compared between
good and poor outcomes in Figure 1. Patients with a poor
outcome had a higher AAR (median =1.16), lower AST level
(median=18.11U/L),and lower ALT level (median=15.7IU/L)
compared with patients with a good outcome (1.06, 20.1, and
18.7 IU/L, respectively).

Independent associations between AAR and clinical out-
comes were analyzed using multivariate logistic regression
models (Table 2). Regarding the relationship between AAR
and the primary outcome, the OR (95% CI) values for the
highest versus lowest AAR quartiles were 2.50 (1.36—4.60)
for Model 1. After adjustment in Model 2 (Model 1 plus the
GCS score), the independent relationship between AAR and
poor outcome remained, but it was attenuated (OR =2.15 and
95% CI =1.14-4.05). No independent association between
AAR and other outcomes was detected.

ROC curve analysis detected that AAR >1.53 could be
used to predict a poor outcome at 3 months poststroke with
a sensitivity of 29.5% and a specificity of 85.3%. The AUC
was 0.580 (95% CI =0.525-0.635), as shown in Figure 2.
The effect of the optimal AAR cutoff (>1.53) was evaluated
in the multivariate logistic regression model (Table 3). In the
total population, AAR >1.53 seemed to be independently
associated with a poor outcome at 3 months (OR =1.89, 95%
CI =1.11-3.22, P=0.02). A prespecified subgroup analysis
revealed that 198 patients were admitted to hospital within
24 hours of stroke onset, while in 223 patients this was
delayed beyond 24 hours. AAR >1.53 increased the risk
of a poor outcome at 3 months when OTT was longer than
24 hours (OR =2.14, 95% CI =1.02-4.50), while the other
subgroup (OTT =24 hours) did not show an evident asso-
ciation (OR =2.12, 95% CI =0.91-4.93). Nevertheless, no
significant interaction effect was found between OTT (=24
or >24 hours) and AAR (>1.53 or =1.53) (P=0.56).
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Table | The basic characteristics and clinical outcomes in patients with acute ischemic stroke by AAR levels

Basic characteristics Ql Q2 Q3 Q4 P-value
n=106 n=105 n=107 n=103
Demographic data
Male 80 (75.5) 71 (67.6) 57 (53.3) 52 (50.5) <0.001
Age (years) 57 (50-64) 60 (52-69) 65 (58-73) 69 (63-78) <0.001
Vascular risk factors
Current smoking 46 (43.4) 43 (41) 29 (27.1) 26 (25.2) 0.006
Current alcohol drinking 24 (22.6) 28 (26.7) 21 (19.6) 11 (10.7) 0.029
Hypertension 71 (67.0) 69 (65.7) 74 (69.2) 71 (68.9) 0.942
Diabetes mellitus 31 (29.2) 30 (28.6) 29 (27.1) 26 (25.2) 0.920
Dyslipidemia 70 (66.0) 63 (60.0) 63 (58.9) 51 (49.5) 0.1l
Parameters on admission
Systolic BP (mmHg) 140 (128-160) 142 (123-160) 150 (133-165) 144 (122-161) 0.153
Diastolic BP (mmHg) 83 (78-92) 82 (78-94) 84 (78-93) 80 (71-88) 0.013
Baseline GCS 0.005
14-15 93 (87.7) 91 (86.7) 92 (86) 72 (69.9)
8-13 I'1(10.4) 9 (8.6) 10 (9.3) 18 (17.5)
0-7 2(1.9) 5(4.8) 5(47) 13 (12.6)
OTT (hours) 48 (12-120) 48 (24-96) 24 (9-72) 48 (20-72) 0.124
Laboratory test
Fasting glucose (mmol/L) 5.2 (4.4-6.6) 5.1 (44-7.3) 5.0 (4.4-6.4) 5.2 (4.5-6.6) 0.938
TC (mmol/L) 4.2 (3.6-5.1) 4.2 (3.64.7) 4.2 (3.6-4.8) 4.2 (3.5-5.1) 0.968
TGs (mmol/L) 1.6 (1.2-2.2) 1.5 (1.1-2.1) 1.4 (1.0-2.0) 1.2 (0.9-1.6) <0.001
HDL-C (mmol/L) 1.0 (0.9-1.2) 1.0 (0.9-1.1) 1.0 (0.9-1.2) 1.1 (1.0-1.3) 0.002
LDL-C (mmol/L) 2.6 (2.1-3.2) 2.6 (2.1-3.1) 2.5 (2.1-3.0) 2.5 (2.1-3.2) 0.873
AST (IU/L) 20.6 (17.3-27.8) 19.5 (16.1-23.9) 18.2 (15.3-21) 19 (16-24) 0.003
ALT (IU/L) 28.8 (23.2-40.6) 19.8 (16.1-24.2) 14.7 (11.6-17.4) 11.2 (8.4-13.7) <0.001
rtPA treatment 12 (11.3) 14 (13.3) 15 (14.0) 12 (11.7) 0.921
TOAST subtype 0.007
Large artery atherosclerosis 45 (42.5) 34 (324) 37 (34.6) 27 (26.2)
Cardioembolism 3(2.8) 9 (8.6) 7 (6.5) 18 (17.5)
Small-artery occlusion 47 (44.3) 49 (46.7) 50 (46.7) 54 (52.4)
Other determined 3(2.8) 6 (5.7) 8 (7.5) 3(29)
Undetermined 8 (7.6) 7 (6.6) 5(47) 1 (1)
Clinical outcomes
mRS score >2 at 3 months 37 (34.9) 47 (44.8) 46 (43.0) 60 (58.3) 0.008
NIHSS score >5 at admission 44 (41.5) 49 (46.7) 49 (45.8) 59 (57.3) 0.132
Bleeding 4 (3.8) 7 (6.7) 5(4.7) 5(4.9) 0.806
Notes: Continuous variables are expressed as median (interquartile range); categorical variables are expressed as frequency (percent).
Abbreviations: QI, =0.84; Q2, 0.84-1.1; Q3, 1.1-1.45; Q4, >1.45; AAR, aspartate transaminase/alanine transaminase ratio; BP, blood pressure; GCS, Glasgow Coma

Scale; OTT, onset to treatment time; TC, total cholesterol; TGs, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
AST, aspartate transaminase; ALT, alanine transaminase; rtPA, recombinant tissue plasminogen activator; mRS, modified Rankin Scale; NIHSS, the National Institute of Health
Stroke Scale.

2.01 p=0.005 301 pP=0.002 307 p<0.001
15
T 20 T 20-
= ~
14 N 2 2
é 1.0 : :
-
2 10 < 10-
0.5
' mRS 0-2 mRS 0-2 mRS 3-6 mRS 0-2 mRS 3-6

Figure | Column bar graph of AST, ALT, and AAR levels in good outcome and poor outcome patients.
Notes: The top of the rectangle indicates the median value. A horizontal line above the rectangle indicates the third quartile.
Abbreviations: AST, aspartate transaminase; ALT, alanine transaminase; AAR, aspartate transaminase/alanine transaminase ratio; mRS, modified Rankin Scale.
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Table 2 Adjusted odds ratios and 95% confidence intervals for
clinical outcomes in acute ischemic stroke patients in different
levels of AAR

Table 3 Subgroup analysis of adjusted odds ratios and 95% confi-
dence intervals of poor outcome according to high AAR (>1.53)

Subgroup OR 95% CI P-value P-interaction
Clinical Ql Q2 Q3 Q4 Total cohort 1.89 1.11-3.22 0.02
outcomes oTT 0.56

Primary outcome
mRS score >2 at 3 months
Model | | 1.51 (0.86-2.67)
Model 2 | 1.55 (0.86-2.79)
Secondary outcome

.38 (0.77-2.49)
1.50 (0.82-2.74)

2.50 (1.36-4.60)
2.15 (1.14-4.05)

NIHSS score >5 at admission

Model | | 1.20 (0.68-2.14) 1.05 (0.58-1.90) 1.82 (0.98-3.35)

Model 2 | 1.22 (0.68-2.20) 1.10 (0.60-2.02) 1.55 (0.82-2.92)
Bleeding

Model | | 1.47 (0.33-6.48) 0.60 (0.12-3.00) 0.77 (0.13—-4.74)

Model 2 | 1.48 (0.33-6.67) 0.67(0.12-3.14) 0.56(0.08-3.79)

Notes: Model |: adjusted for sex, age, current smoking, alcohol intake, hypertension,
diabetes mellitus, dyslipidemia, symptom onset to treatment time, and thrombolytic
therapy with recombinant tissue plasminogen activator; Model 2: Model | plus
Glasgow Coma Scale.

Abbreviations: Ql, =<0.84; Q2, 0.84-1.1; Q3, 1.1-1.45; Q4, >1.45; AAR, aspartate
transaminase/alanine transaminase ratio; mRS, modified Rankin Scale; NIHSS, the
National Institute of Health Stroke Scale.

Discussion

The main finding of this study is that AAR may be a useful
predictor of functional outcome at 3 months following
the first-ever AIS. This relationship remained even after
adjusting for related confounders, including sex, age, current
smoking, alcohol intake, hypertension, DM, hyperlipidemia,
OTT, GCS score, and rtPA therapy. A value of 1.53 was

100~
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Figure 2 Receiver operating curve of De Ritis ratio for prediction of 3-month poor
outcome in acute ischemic stroke.

Notes: AUC: 0.580 (95% confidence interval 0.525-0.635); P=0.005.
Abbreviation: AUC, area under the receiver operating characteristics (ROC) curve.

=24 hours 2.12
>24 hours 2.14

0.91-4.93 0.08
1.02-4.50 0.04

Notes: In the multivariate logistic regression model, sex, age, current smoking,
alcohol intake, hypertension, diabetes mellitus, dyslipidemia, symptom onset
to treatment time, thrombolytic therapy with recombinant tissue plasminogen
activator, and Glasgow Coma Scale were included as confounding factors.
Abbreviations: AAR, aspartate transaminase/alanine transaminase ratio; OTT,
onset to treatment time; OR, odds ratio; Cl, confidence interval.

found to be the optimal cutoff for continuous AAR, with
AAR >1.53 at admission being associated with a 1.89-fold
greater likelihood of a poor outcome.

The concept of AAR and its correlation with viral hepati-
tis were first proposed by De Ritis in 1957.2 AAR was sub-
sequently used to predict the presence of progressive fibrosis
in chronic hepatic B patients and poor survival in chronic
viral hepatitis C.* In recent years, AAR has been shown to
be a useful predictor for nonhepatic diseases and a prognostic
biomarker in certain types of malignant tumor.'"'#162427 For
example, in a large European cohort of nonmetastatic renal
cell carcinoma patients, Bezan et al identified preoperative
AAR as a predictor of a poor clinical outcome.'"' Nishikawa
et al discovered that preoperative AAR was significantly
correlated with a fourfold increase in an unfavorable progno-
sis in patients with upper urinary tract urothelial carcinoma.'
Riefet al studied 1,782 consecutive patients with peripheral
arterial occlusive disease and reported that AAR at admis-
sion was associated with critical limb ischemia.' Tan et al
found that AAR might be associated with an increased risk
of inferior long-term survival in distal cholangiocarcinoma.?’
These previous results demonstrate that elevation of AAR
increases the risk of adverse events in various diseases, with
the thresholds for these elevations being similar to that in
the present study.

The prognostic effects of AST and ALT on AIS patients
were first reported by Campos et al. Two prospective cohort
studies were performed, which showed that lower AST and
ALT levels were associated with a poor outcome (mRS
score >2).2* This is consistent with the findings of the present
study. Furthermore, Campos et al found the neuroprotective
effect of AST in both animal experiments and clinical studies.
In their findings, AST activation could induce a reduction
of infarct size and smaller edema volume and decrease the
rate of sensorimotor deficits in animal models, and both AST
and ALT levels in AIS patients were inversely correlated
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with infarct volume, and patients with lower AST tended to
experience early neurological deterioration.>*?® It could be
postulated that patients with bigger infarct volume or early
neurological deterioration owing to lower AST and ALT
levels may have a poorer outcome at 3 months.

The glutamate level in the blood may be responsible for
the elevated AST and ALT, which could metabolize gluta-
mate in the peripheral blood and thereby lead to a decline in
glutamate. Previous studies have found that excessive gluta-
mate will be released from neurons into the brain parenchyma
extracellular space after ischemic stroke. A small increase
in the glutamate concentration in the cerebrospinal fluid
will cause a pronounced increase in intracellular calcium
and trigger neuronal death. Therefore, glutamate has been
shown to be related to a greater stroke severity, larger infarct
volume, and worse functional outcome.>**? Under the effect
of AST and ALT, the blood glutamate level will decrease
and the brain-to-blood glutamate efflux can be accelerated in
accordance with the larger glutamate concentration gradient
between the brain and blood.>’

The present study contrasts with Campos et al by intro-
ducing a novel prognostic biomarker (AAR). The exact
mechanism responsible for the relationship between AAR
elevation and poor AIS outcome is still obscure and so
requires further investigation. It is conceivable that this is due
to a difference in activity between AST and ALT. Numerous
studies have demonstrated that ALT is primarily enriched
in liver tissue, while AST is widely distributed in diverse
organs such as the brain, kidney, muscle, and even the heart.
This could result in AST remaining in a higher proliferative
state than ALT, even when the condition of the patient is
deteriorating.'"1>162* Among patients with a poor outcome,
the decrease in the ALT level was larger than that for AST,
resulting in a higher AAR being related to a poor outcome.

The present study also investigated the effects of each
AAR quartile on stroke prognosis using a multivariate
logistic regression model. The harmful effect of the highest
AAR quartile on a poor outcome was slightly reduced in
Model 2 compared with Model 1. This may indicate that
patients with a lower GCS score at admission tend to have
a higher AAR.

This study was subject to several limitations. First, it had
aretrospective design, and no data on alterations in ALT and
AST levels during hospitalization were obtained. The study
therefore only investigated the relationship between the
parameters at admission and the prognosis. Second, various
diseases may affect the serum levels of AST and ALT at
admission. Therefore, some other undetected diseases that

could alter the AST and ALT concentrations might have been
present in this study that could have influenced the predicted
effect of AAR on the prognosis of AIS. Finally, some of the
patients enrolled in this study had OTTs exceeding 24 hours.
Data on the AST and ALT levels at stroke onset might not
have been available for these subjects. However, it reveals
a real situation where a large proportion of AIS patients in
China are admitted to hospital within 7 days after stroke
onset. Subgroup analysis in the present study indicated
that there was no marked disparity between patients with
OTT =24 and >24 hours. Further exploration in studies
with a prospective design and larger sample size is therefore
needed to confirm the results reported here.

Conclusion

An elevated AAR at admission was found to be associated
with a poor outcome at 3 months in patients with first-ever
AIS. The optimal cutoff for AAR was found to be 1.53 based
on ROC curve analysis. The appropriate administration of
serum AST and ALT to AIS patients at admission might be
an effective therapy for improving their prognosis.
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