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Purpose: The C-reactive protein—albumin—lymphocyte (CALLY) index, as a composite biomarker reflecting nutritional reserves and
immunosuppression, has demonstrated important predictive value in various disease. We aimed to investigate the CALLY index’s
predictive value versus previous inflammatory-nutritional biomarker for ineffective recanalization and complications in acute ischemic
stroke (AIS) patients who received emergency endovascular therapy (EVT).

Methods: We retrospectively reviewed 705 AIS patients admitted to Nanfang Hospital for EVT from January 2019 to
December 2023. We calculated the CALLY index, Geriatric Nutritional Risk Index, Controlling Nutritional Status score, Prognostic
Nutritional Index, and C-reactive protein-to-albumin ratio, and assessed their predictive significance for ineffective recanalization
using univariate and multivariate logistic regression. Predictive efficacy was compared via receiver operating characteristic (ROC)
curve analysis, while the Net Reclassification Improvement (NRI) and Integrated Discrimination Improvement (IDI) quantified the
incremental value of models incorporating these biomarkers. In addition, we explored the relationship between the CALLY index and
post-EVT complications.

Results: The CALLY index had the best predictive validity with an area under the ROC curve of 0.73. The new model incorporating
the CALLY index had the best optimization effect (NRI of 0.157, P=0.028; IDI of 0.029, P=0.008). A significant correlation was also
shown between the CALLY index and stroke-associated pneumonia.

Conclusion: The CALLY Index demonstrated its potential as an innovative and accessible indicator for prognosis.
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Introduction

The efficacy and safety of endovascular treatment (EVT) relative to pharmacologic therapy were validated in patients
with anterior circulation large vessel occlusion stroke.'” However, despite successful recanalization of the occluded
artery in many patients with acute ischemic stroke (AIS) who undergo EVT, nearly half of them did not experience
a favorable outcome.> What’s more, complications during the perioperative period, such as malignant cerebral edema
(MCE), early neurological deterioration (END), and stroke-associated pneumonia (SAP), may further contribute to poor
prognosis in these patients.* ® These conditions impose a huge economic burden on society. Therefore, identifying high-

risk patients for poor outcomes and complications is necessary and clinically meaningful.
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Previous studies have demonstrated that malnutrition, which was associated with longer hospitalization, poor
functional recovery, and mortality, affects approximately 30% of AIS patients.”® Nutritional biomarker such as the
CONUT score, and serum albumin level can serve as prognostic indicators.” ' Furthermore, malnutrition and systemic
inflammation can interact with each other.'>'?> Malnourished AIS patients exhibit an impaired ability to maintain immune
homeostasis by balancing oxidative stress and pro-inflammatory mediator production.'*'> Various inflammation-nutrition
-related indicators have shown prognostic significance, for instance, c-reactive protein to albumin ratio (CAR) was
associated with risk of long-term mortality in stroke patients.'®'®

The C-reactive protein—albumin—lymphocyte (CALLY) index, a novel composite marker integrating inflammation
(CRP), nutritional reserve (albumin), and immune status (lymphocyte count), has demonstrated prognostic utility in acute
myocardial infarction by predicting mortality and functional recovery.'® However, its role in AIS remains unexplored.
We aimed to determine whether the CALLY index outperforms traditional markers including CONUT, CAR in predicting
EVT-related complications and ineffective recanalization in AIS patients.

Methods
Study Design and Population

Our study retrospectively reviewed a prospective cohort of all AIS patients with anterior circulation admitted to Nanfang
Hospital for emergent EVT from 2019 to 2023 (n=705). A team of three senior neurointerventionalists, who were blinded
to the study, performed the diagnoses and procedures.

Exclusion criteria: 1) Posterior circulation cerebral infarction; 2) Unsuccessful vascularization, defined as modified
thrombolysis in cerebral infarction (mTICI) score <2b; 3) Presence of any of the following conditions: tumors, infections
on admission, autoimmune diseases, renal failure, cirrhosis, acute myocardial infarction; 4) Modified Rankin Scale
(mRS) score >1 before onset; 5) Missing essential data; 6) Loss to follow-up.

After applying the above criteria, 249 patients were enrolled in the subsequent analysis. Patient data were collected
from the electronic medical record system, including demographic characteristics, medical history, clinical assessment
findings, and laboratory data, eg, Lymphocyte Count, Fasting Glucose, Total Cholesterol, C-reactive protein (CRP), and
other biochemical markers.

This study was conducted in accordance with the Declaration of Helsinki and approved by the Nanfang Hospital’s
ethics committee on clinical research (NFEC-2024-646).

Assessment of Various Inflammatory-Nutritional Indicators
Different indicators for assessing nutritional and inflammatory status were calculated based on the patient’s height,
weight at admission, and the results of fasting peripheral blood tests obtained within 24 hours after admission. These
included the CALLY index, Geriatric Nutritional Risk Index (GNRI), Prognostic Nutritional Index (PNI), Controlling
Nutritional Status (CONUT) score, and C-reactive protein-to-albumin ratio (CAR). The formulas for each indicator are as
follows:

CALLY index = Serum albumin (g/L) x Lymphocyte count (x10°/L) /(CRP (mg/L) x10).

GNRI=(1.489 x 10 x serum albumin (g/dL)) + (41.7 x weight (kg)/ideal body weight (kg)). The ideal body weight is
0.75 x height (cm)—62.5 for male patients, and 0.60 x height (cm)—40 for female patients.

PNI=5 x Lymphocyte count (x10°/L) + Serum albumin (g/L)

CAR =CRP (mg/L) /Albumin (g/L)

The CONUT score was calculated based on the degree of decrease in serum albumin concentration, total lymphocyte
count, and total cholesterol concentration compared with the normal range. The albumin score was categorized as
0-2-4-6, while the lymphocyte count and total cholesterol score were both 0-1-2-3 (see Supplement Table S1).

Definition of Outcome Indicators
Patients were grouped according to clinically validated outcome thresholds. The primary outcome was prognosis: 3
months after the onset of stroke, two neurologists with over 10 years of experience assessed the patients’ mRS scores.
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The secondary outcomes were complications: After receiving treatment according to standard quality protocols, patients
were closely monitored by a specialized medical and nursing team. Diagnosis of SAP, MCE, or END during hospitaliza-
tion was defined as a secondary outcome indicator. The specific definitions are as follows:

Primary outcome indicator: The mRS >3 means a poor functional prognosis, ie, patients who were successfully
revascularized may have received clinically ineffective reperfusion.’ Conversely, the mRS score < 3 indicates that
reperfusion therapy was effective.

Secondary outcome indicators: (1) According to the 2015 consensus, the diagnostic criteria for SAP include clinical
signs of pneumonia, such as fever, cough, and dyspnea, in patients with AIS within 1 week after stroke onset, and
combined with a positive chest computed tomography scan or positive laboratory tests.”’ SAP diagnosis was confirmed
based on antibiotic administration records during hospitalization and medical records. (2) MCE was defined by clinical
signs indicating brain herniation, including decreased consciousness and/or unequal pupils, along with significant
imaging evidence of brain swelling, such as midline displacement of brain structures by >1 cm, or loss of basal
cisterns.”'* (3) END was defined as an increase in National Institute of Health Stroke Scale (NIHSS) score of >2
points from optimal neurologic functioning during the first 7 days after stroke onset.”

Analyze Statistics

Shapiro—Wilk’s test was used to evaluate the normality of the data distribution. Continuous variables were presented as
mean + standard deviation or median (25-75% quartiles) depending on normal distribution or not. Comparisons between
the groups were conducted using the #-test or Mann—Whitney U-test. Categorical variables were presented as frequency
(percentage) and compared using the x2 test or Fisher’s exact test. Factors with statistically significant (p < 0.1)
differences in univariate analyses were included in multivariate stepwise regression to determine the independent effect
of each nutrition/inflammation-related indicator on outcome. The results were reported as odds ratios (ORs) and 95%
confidence intervals (Cls). A post-hoc power analysis was performed to validate the sample size for significant
differences (>0.8 for adequate power validation), which was implemented in software G¥Power 3.1.

To assess the predictive ability of various inflammatory-nutritional indicators for functional outcomes, we first
constructed receiver operating characteristic (ROC) curves and calculated the area under the ROC curve (AUC) as an
indicator of accuracy. Next, backward stepwise logistic regression analysis was performed to obtain the model with the
smallest Akaike information criterion (AIC), which was used as the basic prediction model. The risk reclassification
ability was assessed by calculating the Net Reclassification Improvement (NRI) and Integrated Discriminant
Improvement (IDI) indices of the new model (basic prediction model combined with inflammatory-nutritional indicators)
compared with the basic prediction model. The likelihood ratio test was also employed to determine whether the new
model provided a better fit. Finally, subgroup analysis was applied to further validate the reliability of the results.

In addition, we converted the CALLY index into a categorical variable using the optimal cutoff value, determined by
the highest specificity and sensitivity from the ROC curve, as the threshold for categorization. Whether it remained
independently associated with functional prognosis was assessed by multivariate logistic regression analysis.

All statistical analyses were conducted by SPSS Statistics 27.0 and R 4.4.1. A two-sided p-value of less than 0.05 was
considered statistically significant.

Results

Patient Demographics

A total of 249 AIS patients with anterior circulation who were successfully revascularized by EVT were included
(Figure 1). The mean age of the cohort was 62 years, and 188 (75.5%) patients were male. 123 (49%) patients had a poor
functional prognosis. Table 1 summarizes the characteristics of the study cohort, both for the entire group and for patients
grouped by prognosis. Patients in the poor outcome group were older, had a lower percentage of smokers, higher
admission NIHSS scores, higher fasting glucose levels and neutrophil counts, and lower systolic blood pressure,
triglyceride levels and lymphocyte counts compared with those in the good outcome group (p<0.05).
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(n=705)

Patients diagnosed as AIS and treated with EVT
from Jan. 2019 to Dec. 2023 in Nanfang hospital

Exclusion(n=456)

L4

-posterior circulation artery(n=157)
-unsuccessful revascularization(n=69)
-incomplete clinical data(n=92)

-tumor(n=35)

-infections at admission (n=29)

-autoimmune diseases (n=10)

-renal failure or cirrhosis (n=9)
-acute myocardial infarction(n=2)
-mRS score >1 before onset(n=36)

-missing follow-up data(n=17)

Patients included in the analysis (n=249)

Figure | Flow chart of study patients.

Abbreviations: AlS, acute ischemic stroke; EVT, endovascular thrombectomy; mRS, modified Rankin Scale.

Furthermore, several nutrition-related indicators significantly differed between the two patient groups. Patients in the
poor outcome group had lower CALLY index (median 0.31 vs 1.31, p<0.001) and PNI (median 41.8 vs 45.1, p<0.001),
but higher CONUT (median 3 vs 2, p<0.001) and CAR (0.25 vs 0.11, p<0.001) (Table 1).

Table | Characteristics of Patients with Favorable and Unfavorable Functional Outcomes

Characteristics All Patients mRS < 2 mRS >3 P
(n = 249) (n =126) (n=123)

Demographic data
Male sex, n (%) 188 (75.5) 102 (81.0) 86 (69.9) 0.061
Age,y 62.1 £ 126 60.1 £ 11.6 64.2 + 134 0.011
BMI, kg/m2 24.0 (22.1-26.0) 24.0 (22.4-26.0) 24.0 (21.7-26.0) 0.600

Vascular risk factors, n(%)
Hypertension 160 (64.3) 77 (61.1) 83 (67.5) 0.360
Diabetes mellitus 79 31.7) 39 (31.0) 40 (32.5) 0.897
Atrial fibrillation 47 (18.9) 21 (16.7) 26 (21.1) 0.460
Current smoking 131 (52.6) 78 (61.9) 53 (43.1) 0.004
Current drinking 64 (25.7) 35 (27.8) 29 (23.6) 0.540
Previous stroke 47 (18.9) 24 (19.0) 23 (18.7) 1.000

(Continued)
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Table | (Continued).

Characteristics All Patients mRS < 2 mRS >3 P
(n = 249) (n=126) (n=123)
Clinical assessment
NIHSS, score Il (6-16) 7 (3-12) 14 (10-18) <0.001
SBP, mmHg 143 (131-158) 145 (135-160) 142 (124-156) 0.040
DBP, mmHg 833+ 143 84.3 + 143 824 + 143 0.300
OTT, minute 300 (210-495) 315 (210-533) 300 (210-480) 0.853
Operation time, hour 91 (69-121) 87 (66—110) 95 (70-125) 0.054
IV tPA, n (%) 40 (l6.1) 17 (13.5) 23 (18.7) 0.344
Occlusion site, n (%)
Cervical ICA 104 (41.8) 48 (38.1) 56 (45.5) 0.289
MCA-MI 118 (47.4) 63 (50.0) 55 (44.7) 0.479
MCA M2 or ACA 27 (10.8) 15 (11.9) 12 (9.76) 0.733
Stroke subtype, n (%)
LAA 170 (68.3) 90 (71.4) 80 (65.0) 0.344
CE 68 (27.3) 30 (23.8) 38 (30.9) 0.266
Others Il (4.42) 6 (4.76) 5 (4.07) 1.000

Laboratory data

FBG, mmol/L 6.99 (5.96-8.79) 6.46 (5.69-8.26) 7.38 (6.23-9.32) 0.003
TG, mg/dL 108 (81.0-169) 118 (88.5-188) 101 (75.5-153) 0.045
TC, mg/dL 179 + 44.7 184 + 43.4 174 + 45.6 0.078
HDL, mg/dL 42.0 (36.0-51.0) 42.0 (36.0-49.0) 43.0 (36.0-52.5) 0.472
Lymphocytes, 10%/L 1.33 (0.83-1.72) 1.52 (1.19-1.93) 0.98 (0.64-1.43) <0.001
Neutrophils, 10°/L 8.05 (6.32-10.3) 7.11 (5.61-8.83) 9.20 (7.38-12.3) <0.001
Monocytes, 10°/L 0.61 (0.44-0.79) 0.61 (0.44-0.75) 0.64 (0.44-0.84) 0.299
Platelets, 10°/L 211 (175-252) 218 (180-253) 206 (162-248) 0.114
Nutrition related index
CALLY Index 0.80 (0.20-1.93) 1.31 (0.51-2.89) 0.31 (0.10-1.05) <0.001
GNRI 100 (94.4-107) 100 (95.4-107) 100.0 (93.3-106) 0.190
PNI 43.5 (40.3-47.5) 45.1 (42.2-49.4) 41.8 (38.1-45.7) <0.001
CONUT, score 3.00 (1.00-4.00) 2.00 (1.00-3.00) 3.00 (2.00-5.00) <0.001
CAR 0.19 (0.08-0.48) 0.11 (0.06-0.26) 0.25 (0.12-0.84) <0.001

Notes: 34 (13%) patients with missing CONUT score data. Bold text indicates values with a statistically significant difference (P<0.05).
Abbreviations: mRS, modified Rankin Scale; BMI, body mass index; NIHSS, National Institutes of Health Stroke Scale; SBP, systolic blood
pressure; DBP, diastolic blood pressure; OTT, onset to treatment time; [V tPA, intravenous tissue plasminogen activator; ICA, internal
carotid artery; MCA-MI, MI segment of the middle cerebral artery; MCA-M2, M2 segment of the middle cerebral artery; ACA, anterior
cerebral artery; LAA, large artery atherosclerosis; CE, cardioembolic; FBG, fasting blood glucose; TG, triglycerides; TC, total cholesterol;
HDL, high-density lipoprotein cholesterol; CALLY Index, C-reactive protein-albumin-lymphocyte Index; GNRI, Geriatric Nutritional Risk
Index; PNI, prognostic nutritional index; CONUT, controlled nutritional status; CAR, C-reactive protein-to-albumin ratio.

Association Between Inflammatory-Nutritional Markers and Ineffective Recanalization
of EVT in Patients with AIS

To determine the independent effects of each nutrition- and inflammation-related index on 3-month functional outcomes,
variables that were significant in univariate analyses (p<0.1) and gender were included in multivariate analyses. Due to
potential collinearity, nutrition- and inflammation-related variables were added to the regression model on a one-by-one
basis. After adjusting for gender, age, smoking status, NIHSS score on admission, systolic blood pressure, surgical
operation time, fasting blood glucose, triglycerides, and neutrophil count, in multivariate models the CALLY index (aOR,
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Table 2 Logistic Regression Analysis

Associated with Unfavorable Functional

Outcome
Variable Univariable Analysis Multivariable Analysis®
OR (95% CI) P OR (95% CI) P
CALLY Index 0.651(0.531-0.798) <0.001 | 0.759(0.618-0.933) 0.009
PNI 0.905(0.863-0.950) <0.001 | 0.915(0.860-0.973) 0.005
CONUT, score | 1.402(1.207-1.628) <0.001 | 1.273(1.073-1.511) 0.006
CAR 1.495(1.098-2.037) 0.011

Note: *Adjusted for sex, age, smoking, NIHSS score, operation time, systolic blood pressure, fasting blood
glucose, triglycerides, and neutrophils.
Abbreviations: OR, odds ratio; Cl, confidence intervals; CALLY Index, C-reactive protein-albumin-
lymphocyte Index; PNI, prognostic nutritional index; CONUT, controlled nutritional status; CAR,
C-reactive protein-to-albumin ratio.

0.759, 95% CI, 0.618-0.933, p=0.009), PNI (aOR, 0.915, 95% CI, 0.860-0.973, p=0.005) and CONUT scores (aOR,
1.273, 95% CI, 1.073-1.511, p=0.006) were significantly associated with functional outcome (Table 2).

Predictive Values of Various Nutritional and Inflammatory Indicators for Unfavorable

Outcomes

First, the predictive ability of each nutrition/inflammation-related index was compared by calculating the AUC. The AUC
value of the CALLY index was 0.73 (95% CI 0.68-0.79, p<0.001), with an optimal cutoff value of 0.83, a sensitivity of
0.72, and a specificity of 0.65. The CALLY index demonstrated the best discriminative power compared with the PNI and

CONUT scores (Figure 2).

=
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—— CALLY AUC=0.73
o —— GNRI  AUC=0.56
S 7 y PNI AUC=0.68
) ;‘J CONUT AUC=0.69
- ' CAR AUC=0.67
S
| | | ] | |
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Figure 2 Receiver operating characteristic (ROC) curve analysis performed to evaluate the predictive value of various nutrition related index for poor clinical outcome.
Abbreviations: AUC, area under the curve; CALLY, Index C-reactive protein-albumin-lymphocyte Index; GNRI, Geriatric Nutritional Risk Index; PNI, prognostic
nutritional index; CONUT, controlled nutritional status; CAR, C-reactive protein-to-albumin ratio.
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Next, the added predictive values of each nutritional and inflammatory indicator were assessed. A model with
a minimum AIC value of 220.96 was adopted as the basic predictive model, which included four variables: baseline
NIHSS score, operative time, smoking, and neutrophil count. Then the model’s risk assessment capability was evaluated
by calculating NRI and IDI. The addition of PNI or CONUT scores to the base model only increased the model’s IDI.
However, the inclusion of the CALLY index improved both the NRI (p = 0.028) and the IDI (p = 0.008), suggesting that
adding the CALLY index enhances the model’s discriminatory power and risk reclassification for poor outcomes
(Table 3). A likelihood ratio test further confirmed that the inclusion of the CALLY index significantly improved the
predictive accuracy for poor prognosis (p < 0.05, Table 3).

Additionally, we analyzed the CALLY index as a categorical variable to investigate its association with poor
prognosis. After adjusting for confounding variables, the CALLY index remained independently associated with poor
outcomes (Supplement Table S2).

Subgroup Analysis of Poor Outcomes

To further validate the reliability of these findings, patients were stratified according to sex, age (>65 or <65 years), BMI
(>24 or <24), smoking status, and history of hypertension and diabetes. The correlation between the CALLY index and
prognosis after adjustment for confounders was analyzed. The results showed that a lower CALLY index was associated
with an increased risk of poor prognosis, especially in patients with a BMI >24 and no history of smoking or diabetes
(p<0.015, Figure 3).

Relationship of CALLY Index with SAP, MCE, END
Compared with the higher CALLY group (CALLY >0.83), patients with lower CALLY index were older and had higher
baseline NIHSS scores, higher baseline fasting glucose, total cholesterol, neutrophil and monocyte counts, and lower
total triglycerides. Notably, the incidence of SAP, MCE, and END was significantly higher in the lower CALLY index
group (p<0.05, Table 4).

To assess whether the CALLY index was an independent predictor of complications, logistic regression analysis was
also used. Variables that were significant in univariate analyses (p<<0.05) were included in the multivariate model (detailed
information on analyses according to the grouping of complications is provided in Supplement Tables S3—S5). After

adjusting for confounders separately, both as continuous and categorical variables, the association between the CALLY

Table 3 Performance Metrics of Models with and Without Various Nutrition
Index to Predict 90-Day Poor Functional Outcome After EVT

NRI IDI LRT
Index (95% CI) | P Index (95% CI) | P P
Model® without Ref. Ref.
CALLY
Model® with 0.1569 0.028 | 0.0287 0.008 | 0.003
CALLY (0.0172-0.2966) (0.0075-0.0499)
Model® without Ref. Ref.
PNI
Model® with 0.1238 0.192 | 0.0250 0.012 | 0.011
PNI (—0.0622-0.3099) (0.0055-0.0444)
Model® without Ref. Ref.
CONUT
Model® with CONUT | 0.0648 0.433 | 0.0282 0.015 | 0.016
CONUT (—0.0971-0.2266) (0.0054-0.0510)

Note: “The model with the smallest AIC value was obtained by backward stepwise logistic regression.
Abbreviations: NRI, Net reclassification improvement; IDI, Integrated discrimination improvement; LRT,
Likelihood ratio test; OR, odds ratio; Cl, confidence intervals; CALLY, C-reactive protein-albumin-
lymphocyte; PNI, prognostic nutritional index; CONUT, controlled nutritional status.
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Variable Count OR (95% CI) P value P for interaction
Sex 0.506
Female 61 —— 0.86 (0.56 to 1.34) 0.511
Male 188 ._._. 0.73 (0.55 t0 0.97) 0.027
Age 0.384
> 65 100 —— 0.91 (0.56 to 1.47) 0.691
<=65 149 —— 0.69 (0.50 t0 0.93) 0.017
BMI ‘ 0.102
>24 118 —— 0.57 (0.37 t0 0.87) 0.010
<=24 131 ._..._. 0.90 (0.72to0 1.14) 0.385
Smoking ‘ 0.265
No 118 —— ' 0.59 (0.39 t0 0.90) 0.014
Yes 131 —— 0.84 (0.64 to 1.09) 0.184
Hypertension ' 0.883
No 89 -—-—H 0.75 (0.51 to 1.11) 0.150
Yes 160 —a— 0.82 (0.62t0 1.08) 0.163
Diabetes.mellitus 0.450
No 170 -—-—- 0.69 (0.51 t0 0.93) 0.014
Yes 79 ——t 0.79 (0.52t0 1.20) 0.263
[

Figure 3 Subgroup analyses for the risk of poor outcomes by CALLY index. The above model is adjusted for sex, age, smoking, NIHSS score, operation time, systolic blood

pressure, fasting blood glucose, triglycerides, and neutrophils.

index and MCE and END was not significant in the multivariate logistic regression model (Table 5), however, the CALLY
index was significantly associated with SAP (Continuous: aOR, 0.715, 95% CI, 0.555-0.921, p=0.009; Categorical: aOR,
2.123,95% CI, 1.011-4.462, p=0.047).

Table 4 Characteristics of Patients with Low and High CALLY Index

Characteristics CALLY <0.83 CALLY >0.83 P
(n=135) (n=114)
Demographic data
Male sex, n (%) 105 (77.8) 83 (72.8) 0.447
Age, y 655 % 12,6 582 % 11.6 <0.001
BMI, kg/m2 23.9 (22.0-26.0) 242 (22.3-25.7) 0912
Vascular risk factors, n(%)
Hypertension 94 (69.6) 66 (57.9) 0.073
Diabetes mellitus 47 (34.8) 32 (28.1) 0.316
Atrial fibrillation 29 (21.5) 18 (15.8) 0.327
Current smoking 64 (47.4) 67 (58.8) 0.097
Current drinking 35 (25.9) 29 (25.4) 1.000
Previous stroke 30 (22.2) 17 (14.9) 0.192
Clinical assessment
NIHSS, score 13.0 (7.50-18.0) 9.00 (5.00-12.0) <0.001
SBP, mmHg 142 (129-158) 144 (135-159) 0.462
DBP, mmHg 83.0 = 145 83.8 = 14.0 0.674
OTT, minute 5.00 (3.50-8.00) 5.00 (3.62-8.75) 0.949
Operation time, hour 87.5 (64.5-122) 93.0 (71.0-120) 0.869
IV tPA, n (%) 19 (14.3) 21 (184) 0.480
(Continued)
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Table 4 (Continued).

Characteristics CALLY <0.83 CALLY > 0.83 P

(n = 135) (n=114)

Occlusion site, n (%)

Cervical ICA 57 (422) 47 (41.2) 0.976
MCA-MI 64 (47.4) 54 (47.4) 1.000
MCA M2 or ACA 14 (10.4) 13 (11.4) 0.955

Stroke subtype, n (%)

LAA 92 (68.1) 78 (68.4) 1.000
CE 38 (28.1) 30 (26.3) 0.857
Others 5 (3.70) 6 (5.26) 0.774

Laboratory data

FBG, mmol/L 7.20 (6.19-9.16) 6.86 (5.69-8.29) 0.027
TG, mg/dL 101 (75.0-150) 122 (90.0-212) 0.004
TC, mg/dL 171 + 425 89 + 455 0.004
HDL, mg/dL 43.0 (36.0-50.0) 42.0 (36.0-52.0) 0.897
Neutrophils, 10°/L 8.55 (6.58-12.1) 7.47 (5.96-9.32) 0.001
Monocytes, 10°/L 0.66 (0.46-0.86) 0.57 (0.40-0.71) 0.002
Platelets, 10°/L 203 (168-246) 218 (180-260) 0.097

Complications

SAP 72 (53.3) 34 (29.8) <0.001
MCE 33 (24.4) 15 (13.2) 0.037
END 41 (30.4) 14 (12.3) 0.001

Abbreviations: BMI, body mass index; NIHSS, National Institutes of Health Stroke Scale; SBP,
systolic blood pressure; DBP, diastolic blood pressure; OTT, onset to treatment time; IV tPA,
intravenous tissue plasminogen activator; ICA, internal carotid artery; MCA-MI, M| segment of the
middle cerebral artery; MCA-M2, M2 segment of the middle cerebral artery; ACA, anterior cerebral
artery; LAA, large artery atherosclerosis; CE, cardioembolic; FBG, fasting blood glucose; TG, trigly-
cerides; TC, total cholesterol; HDL, high-density lipoprotein cholesterol; SAP, stroke-associated
pneumonia; MCE, malignant cerebral edema; END, early neurologic deterioration.

Table 5 Logistic Regression Analysis Associated with Stroke-Associated
Pneumonia, Malignant Cerebral Edema and Early Neurologic Deterioration

Variable Univariable Analysis Multivariable Analysis

OR (95% ClI) P OR (95% ClI) P

SAP?

Continuous CALLY | 0.69(0.564-0.845) <0.001 0.715(0.555-0.921) | 0.009

CALLY > 0.83 Ref. Ref.

CALLY < 0.83 2.689(1.591-4.545) | <0.001 | 2.123(1.011-4.462) | 0.047
MCE®

Continuous CALLY | 0.762(0.591-0.983) | 0.037 0.914(0.711-1.175) | 0.483
CALLY = 0.83 Ref. Ref.

CALLY < 0.83 2.135(1.093-4.173) | 0.026 1.419(0.54-3.725) 0.478

(Continued)
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Table 5 (Continued).

Variable Univariable Analysis Multivariable Analysis
OR (95% CI) P OR (95% CI) P

END*

Continuous CALLY | 0.638(0.47-0.865) 0.004 0.82(0.62—1.084) 0.163

CALLY = 0.83 Ref. Ref.

CALLY < 0.83 3.116(1.596-6.081) | 0.001 1.981 (0.837—4.69) | 0.120

Notes: *Adjusted for sex, age, smoking, NIHSS score, systolic blood pressure, operation time, occlusion
site, fasting blood glucose and neutrophils. "Adjusted for sex, age, NIHSS score, systolic blood pressure,
occlusion site, stroke subtype, fasting blood glucose, neutrophils and platelets. “Adjusted for sex, age,
NIHSS score, fasting blood glucose and neutrophils.

Abbreviations: OR, odds ratio; Cl, confidence intervals; SAP, stroke-associated pneumonia; CALLY,
C-reactive protein-albumin-lymphocyte; MCE, malignant cerebral edema; END, early neurologic
deterioration.

Discussion

In our study, we systematically investigated several key questions. First, in AIS patients treated with EVT, we found that
selected nutritional and inflammation-related indicators such as CALLY Index, PNI and CONUT score could serve as
independent predictors of poor outcomes. Based on ROC curve analysis and the evaluation of additional predictive value,
the CALLY index emerged as the strongest predictor of prognosis. Specifically, a lower CALLY index was associated
with a greater likelihood of poor functional outcomes. Second, the association between a lower CALLY index and
increased risk of poor prognosis was most pronounced in AIS patients with a BMI >24. Finally, after adjusting for
confounders, a reduced CALLY index emerged as an independent risk factor for SAP, although it was not a significant
predictor of END or MCE.

The CALLY index demonstrated superior prognostic performance in our study, which integrates not only inflamma-
tion and nutritional reserve, but also immune status. It effectively predicted 3-month functional outcomes in EVT-treated
patients (AUC>0.7) and enhanced the accuracy and comprehensiveness of the predictive model compared with estab-
lished markers like the CONUT score and PNI. The CALLY index’s superior predictive ability may be partly attributed to
the role of immune status. Lymphocytes which can indicate immune status are pivotal in the development and
progression of AIS, influencing neuroinflammation through various pathways, including immune modulation, interac-
tions with brain-resident immune cells, and the regulation of neurogenesis and angiogenesis.”>** The findings of our
study support the incorporation of the CALLY index in the evaluation process of stroke patients undergoing EVT.
Meanwhile, 0.83 can be used as a threshold for the CALLY index to assess the need for more aggressive nutritional
support and anti-inflammatory therapy.

The potential mechanisms underlying associations between nutrition, inflammation, immune status and outcomes are
multifaceted. Firstly, the immune system, sympathetic nervous system, and hypothalamic-pituitary-adrenal axis are
activated during the onset of stressors such as stroke.”> >’ The release of pro-inflammatory cytokines, including
interleukin 6, interleukin 1P, and tumor necrosis factor-alpha (TNF-a), triggers various pathogenetic mechanisms of
malnutrition, like physiological processes affecting appetite, protein catabolism, and synthesis.”®*’ Previous animal
studies have shown that protein-energy malnutrition can affect neuroinflammation in stroke patients, in addition to
causing a decrease in peripheral immune function.*® Malnourished stroke patients have an impaired ability to maintain
immune homeostasis by balancing oxidative and pro-inflammatory mediator production, which might hinder clinical
recovery. Secondly, the disruption of cerebral blood flow following a stroke leads to blood-brain barrier (BBB)
compromise, with damaged neurons releasing damage-associated molecular patterns into the systemic circulation via
the BBB and cerebrospinal fluid drainage system, inducing a systemic inflammatory response. Importantly, stroke can
induce long-term inflammatory changes in monocytes/macrophages systemically, thereby driving multi-organ dysfunc-
tion, which has also been confirmed in stroke mouse models.*! Similarly, various leukocyte subtypes infiltrate the brain
parenchyma causing secondary damage, eg, infiltrating neutrophils mediate reactive oxygen species and matrix
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metalloproteinases regulating BBB damage and promoting further infiltration of peripheral immune cells.**>* In

conclusion, the interactions between malnutrition, systemic inflammation, and oxidative stress may have a synergistic
effect that impairs physiological reserves and diminishes the ability of stroke patients to recover function.

The relationship between obesity, malnutrition, and prognosis remains controversial. A cohort study found no
significant differences in poor outcome incidence between obese and non-obese malnourished patients.> Conversely,
some studies suggest that maintaining weight may support rehabilitation of daily living activities in malnourished stroke
patients.*® These conflicting findings may be attributable to inconsistencies in methods and criteria used to define
malnutrition and obesity across studies. In our study, the association between a lower CALLY index and an increased risk
of poor prognosis appeared to be more significant in the group of patients with a BMI >24. This result may indicate that
the coexistence of overweight and malnutrition exacerbates stroke prognosis. But we must notice that in our subgroup
analyses, the interaction between BMI and CALLY index was not statistically significant, which suggests that the
reliability of the results obtained after grouping according to BMI is weak and therefore the relationship between these
variables is uncertain. We still need to conduct more large-sample studies to explore this in the future.

The association between CALLY index and SAP is in line with our previous hypothesis. Stroke induces an
immunosuppressive state, which in turn increases the susceptibility to SAP. Immunosuppressive markers help identify
patients at higher risk for this complication.>’** Malnutrition could aggravate immunosuppression. Previous studies have
shown that malnourished patients are more likely to develop pneumonia, as well as other infections and gastrointestinal
bleeding during hospitalization.® Experimental studies further suggest macrophages and monocytes from malnourished
mice expressed significantly higher levels of arginase, both in vitro and in vivo, which as an enzyme associated with
immunosuppression and increased pathogen replication can increase an individual’s susceptibility to infection.’® In
contrast to the relationship with SAP, the relationship between the CALLY index and END or MCE was not significant.
We believe there may be several reasons for this. First, END and MCE are more localized complications, and the CALLY
index, which reflects systemic status, has a relatively weak effect on them. The second is that END and MCE were
present in only 55 (22%) and 48 (19%) patients, and future studies with larger sample sizes are needed to validate the
relationship between them.

This study is the first to evaluate the CALLY index as an independent predictor of functional prognosis in AIS
patients who have undergone EVT. The CALLY index demonstrates higher accuracy compared with other nutritional and
inflammatory markers, making it a valuable tool for early prediction of poor functional recovery and complications like
SAP. The CALLY index, being simple to calculate and easily available from routine clinical data, significantly enhances
the feasibility of identifying patients at risk for adverse outcomes after EVT. This underscores its clinical utility as
a convenient and reliable marker for identifying high-risk patients who may benefit from targeted monitoring and early
intervention.

Certainly, there are limitations to our existence. First, this study is a single-center retrospective observational study,
which requires further validation by large-scale prospective studies involving multiple centers. Second, our research lacks
serial biomarker monitoring. This makes it impossible to analyze the causal relationship between dynamic changes and
prognosis. In addition, the absence of nutritional intervention hinders the assessment of whether early nutritional
intervention can improve prognosis. Third, although we excluded patients with significant motion artifacts through strict
imaging quality control, we acknowledge that including patients with mild artifacts may still influence the assessment of
clinical outcomes. Finally, the CALLY index was not as effective as expected in predicting the occurrence of END and
MCE complications, although this may be explained by the small sample size of this study. Thus, these limitations
highlight the need for future prospective studies incorporating long-term biomarker assessments and protocolized
nutritional support to elucidate the comprehensive impact of nutrition-inflammation dynamics on ischemic stroke

outcomes.

Conclusion
Various index, such as CALLY index, PNI and CONUT score, are independent predictors of futile reperfusion in AIS
patients undergoing EVT. CALLY index has the best predictive value, especially in BMI> 24 patients. In addition,

Journal of Inflammation Research 2025:18 hetps: 14659



Zhu et al

a lower CALLY index was also associated with an increased risk of SAP, while it was not significantly with MCE
or END.
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