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This study aims to evaluate the predictive capability of CRP-albumin-lymphocyte (CALLY) index in 
relation to hemorrhagic transformation (HT) and functional outcome in acute ischemic stroke (AIS). A 
total of 439 AIS patients were included in this analysis. Multivariate logistic regression was conducted 
to examine the relationship between the CALLY index, HT, and functional outcomes. To address its 
non-linear association, a restricted cubic spline (RCS) model identified an optimal threshold for the 
CALLY index. Subgroup analyses further explored the association between the CALLY index and 
HT. The receiver operating characteristic (ROC) curve, the net reclassification index (NRI), and the 
integrated discrimination index (IDI) were used to assess and compare the predictive performance 
of the CALLY index with established models for HT. Furthermore, mediation analysis was performed 
to elucidate the causal pathways linking the CALLY index, HT, and functional outcomes. Among the 
participants, 9.79% (43/439) experienced HT, and 49.32% (182/369) encountered adverse outcomes. A 
higher CALLY index was associated with a lower risk of developing HT (OR 0.449, 95% CI 0.283–0.713) 
and poor outcome (OR 0.691, 95% CI 0.558–0.855). RCS curves demonstrated an increased risk of HT 
when the CALLY index fell below 1.188. Compared to existing HT prediction models, the CALLY index 
demonstrates superior predictive performance, with an AUC of 0.746. Furthermore, the CALLY index 
exhibits improved reclassification ability, as indicated by enhanced NRI and IDI values. The CALLY 
index independently predicts HT and adverse outcomes in AIS, demonstrating superior accuracy to 
existing risk scores and offering a practical biomarker for clinical prognosis.
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Stroke remains a leading cause of reduced life expectancy and Disability-Adjusted Life Years1, imposing a 
significant burden on patients and the public health system. In 2020, a nationwide survey involving 676,394 
adults revealed an estimated 17.8 million cases of stroke in China, including 3.4 million new stroke events and 
2.3 million stroke-related deaths2. Hemorrhagic transformation (HT) is a common and serious complication 
in acute ischemic stroke (AIS)3,4, exacerbating neurological deterioration and contributing to poor prognosis5. 
Therefore, the identification of HT is a critical component of managing AIS and remains a current research 
hotspot.

The exploration of effective predictive markers for HT and functional outcome is crucial for enhancing 
precision and timeliness in clinical decision-making. Consequently, several predictive models have been 
developed to assess the risk of intracranial HT and facilitate risk stratification, including the Hemorrhagic 
Transformation Index (HTI) score6, Hemorrhage Risk Stratification (HeRS) score7, Stroke Prognostication using 
Age and NIHSS (SPAN-100) score8, GWTG-Stroke sICH risk(GRASPS)score9, Hemorrhage After Thrombolysis 
(HAT) score10, Symptomatic Intracranial Hemorrhage after Stroke Thrombolysis (SEDAN) score11. However, 
existing predictive models have notable limitations, including the complexity due to an excessive number of 
components and difficulties in acquiring imaging data. Consequently, there is an urgent need for the development 
of more streamlined and accessible predictive markers that can be easily applied in clinical settings.
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Numerous studies have demonstrated that the development and prognosis of ischemic stroke are influenced 
by multiple factors, including the inflammatory response, nutritional status, and immune function. In terms of 
inflammation, independent associations have been observed between high levels of inflammation with recurrent 
stroke occurrence and poor functional outcome12. Elevated levels of inflammatory markers were correlated with 
increased blood-brain barrier (BBB) permeability, thereby increasing the likelihood of HT13. Several studies 
have also shown that malnutrition impacts neurofunctional recovery and is associated with an increased 
long-term mortality rate in stroke patients14,15. Additionally, immune function plays a crucial role in stroke 
progression as stroke-induced immunosuppression increases the risk of infections among these patients leading 
to adverse clinical outcome16,17. Importantly, stroke progression is influenced by a combination of inflammation, 
nutritional status, and immunity rather than a single aspect. Therefore, to enhance predictive efficacy, efforts 
should be directed towards exploring biomarkers that comprehensively reflect the pathophysiological processes 
of stroke.

The CRP-albumin-lymphocyte (CALLY) index, comprising C-reactive protein (CRP), albumin, and 
lymphocytes, collectively reflects the inflammatory-nutrition-immune status of the body. In 2021, the CALLY 
index was first employed to predict the prognosis of hepatocellular carcinoma patients18,19, marking its potential 
as a promising prognostic biomarker. Given its low cost, clinical accessibility, and comprehensive nature, 
subsequent clinical studies have consistently demonstrated the robust predictive performance of CALLY in 
various malignancies20–22. However, the CALLY index is predominantly utilized in the field of oncology, with 
a paucity of research examining its clinical utility in the context of stroke. Consequently, this study seeks to 
elucidate the association between the CALLY index and both HT and functional outcomes in AIS, as well as to 
evaluate its predictive performance against established models.

Materials and methods
Study design
This study included consecutive patients with AIS who were admitted to Xiangya Hospital between December 
2020 and June 2023. AIS diagnosis was confirmed using diffusion-weighted imaging (DWI). The inclusion 
criteria were defined as follows: (1) age ≥ 18 years, (2) disease onset within 7 days, and (3) undergoing computed 
tomography (CT) and magnetic resonance imaging (MRI) scans of the head. Exclusion criteria comprised 
incomplete medical records, lack of imaging data, presence of malignant tumors or severe hepatic or renal 
insufficiency, as well as autoimmune diseases. The severity of liver function impairment is assessed using 
Child-Pugh score23, when the Child-Pugh score is class C, it indicates severe liver dysfunction. Severe renal 
insufficiency is defined as having a significantly reduced estimated glomerular filtration rate (eGFR < 30 mL/
min/1.73  m2), which was calculated upon admission using Modification of Diet in Renal Disease (MDRD) 
Equation[24].A comprehensive eligibility screening was conducted on a cohort of 2322 hospitalized patients 
diagnosed with ischemic stroke. Figure 1 illustrates the flowchart for patient selection. Ethical approval for this 
study involving human participants was obtained from the Xiangya Hospital Ethics Committee and conducted 

Fig. 1.  The flowchart of study patients’ inclusion. CRP, C-reactive protein; HT, hemorrhagic transformation.
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in accordance with the ethical principles outlined in the Declaration of Helsinki. Written informed consent was 
acquired from all participants.

Patient characteristics and outcome
Demographic data, including age, sex, and vascular risk factors such as current smoking, alcohol consumption, 
hypertension, dyslipidemia, diabetes mellitus, atrial fibrillation, and prior stroke were extracted from patients’ 
medical records. Smoking was described as the regular or accumulated use of tobacco for a duration exceeding 
six months. Alcohol consumption was characterized as consuming alcoholic beverages at a frequency of 
three or more times weekly, with each session involving at least 100 mL25. Hypertension was determined by 
a blood pressure measurement of ≥ 140/90 mmHg, a recorded history of hypertension, or the current use of 
antihypertensive drugs26. Dyslipidemia was categorized as having a serum total cholesterol (TC) level of ≥ 6.22 
mmol/L (240 mg/dL), low-density lipoprotein cholesterol (LDL-C) of ≥ 4.14 mmol/L (160 mg/dL), triglycerides 
(TG) of ≥ 2.26 mmol/L (200 mg/dL), or high-density lipoprotein cholesterol (HDL-C) of < 1.04 mmol/L (40 mg/
dL), or a documented history of hyperlipidemia accompanied by the use of lipid-lowering medications27. 
Diabetes was identified as a fasting plasma glucose level of ≥ 7.0 mmol/L (126 mg/dL), a previous diagnosis of 
diabetes, or the use of antidiabetic drugs or insulin28. Atrial fibrillation was verified through electrocardiographic 
findings or active treatment for the condition29. Simultaneously recorded was the detailed treatment status of 
patients within 24 h after admission; this encompassed the administration of intravenous thrombolysis as well 
as documentation of NIHSS score on admission and baseline systolic blood pressure (SBP) and diastolic blood 
pressure (DBP). Moreover, Stroke etiology was determined according to the criteria of the Trial of Org 10,172 in 
Acute Stroke Treatment (TOAST) classification30.

Fasting venous blood samples were collected from patients within the first 24  h after hospital admission 
for analysis of white blood cell count (WBC), neutrophil count, lymphocyte count, triglycerides (TG), total 
cholesterol (TC), low-density lipoprotein (LDL) level, high-density lipoprotein (HDL) level, fasting blood 
glucose (FBG), C-reactive protein (CRP) level, and albumin level. All patients received a baseline brain CT/
MRI scan within 24  h of the onset of symptoms. The HT was determined through follow-up CT scans or 
susceptibility-weighted imaging (SWI), conducted 4 days (± 2) after the initiation of stroke, or immediately if 
there was a deterioration in condition. HT was categorized into four groups based on the criteria established by 
the European Cooperative Acute Stroke Study (ECASS-II)31: Hemorrhagic Infarction type 1 and 2 (HI-1, HI-2), 
Parenchymal Hemorrhage type 1 and 2 (PH-1, PH-2). The infarct volume was estimated using a well-established 
equation: (length × width × slice thickness × number of slices) / 2. High-Density Middle Cerebral Artery 
(HMCA) Sign and Alberta Stroke Program Early CT Score (ASPECTS) are both assessed using non-enhanced 
head CT scans. The HMCA sign is defined as a significant enhancement of the middle cerebral artery on the 
CT image relative to the contralateral vessel, and the scoring criteria for the ASPECTS have been described in 
previous studies32. All imaging assessments were performed independently by two neuroradiologists, and any 
disagreements were resolved through third-party arbitration.

In this study, HT was the primary outcome, and functional outcome was the secondary outcome. Functional 
outcome were evaluated at three months post-symptom onset using the modified Rankin Scale (mRS)33. A 
favorable outcome was defined as an mRS score of 0–1, while a poor outcome was indicated by an mRS score 
of 2–6.

Measurements
The CALLY index was calculated as Albumin × Lymphocyte/(CRP×10). The measurement methods for the 
HTI score, HeRS score, SPAN-100 score, GRASPS score, HAT score, and SEDAN score were based on previous 
research reports6–11.

Statistical analysis
The distributions of all continuous variables were found to deviate from normality, and thus they were reported 
as medians accompanied by interquartile ranges (IQR). Categorical variables were presented in the form of 
percentages. We conducted a comparative analysis of the baseline characteristics between participants without 
HT and those with HT, employing the Mann-Whitney test for continuous variables and the chi-square test 
for categorical variables. Multivariate logistic regression analysis was conducted to investigate the association 
between the CALLY index and the risk of HT and functional prognosis in AIS. Furthermore, restricted cubic 
spline (RCS) analysis was utilized to explore potential non-linear relationships and identify threshold effects 
between the CALLY index and HT. Subgroup analyses were conducted to investigate the association between 
CALLY index and HT in various subgroups based on factors including age, gender, hypertension, diabetes 
mellitus, atrial fibrillation, NIHSS score upon admission, and IV thrombolysis therapy. Additionally, the 
Receiver Operating Characteristic (ROC) curve analysis, the net reclassification index (NRI), and the integrated 
discrimination index (IDI) were used to assess and compare the predictive performance of the CALLY index 
with established models, namely the HTI score, HeRS score, SPAN–100 score, GRASPS, HAT, SEDAN score, for 
the purpose of identifying patients with HT and poor outcome. The NRI and IDI quantify the capacity of a novel 
model to accurately reclassify individuals across distinct risk strata34.

The statistical analyses were performed using SPSS version 25.0 (IBM SPSS, Armonk, NY, USA) and R 
version 4.2.3 (R Development Core Team, Vienna, Austria). Statistical significance was determined at a two-
tailed P-value below 0.05.
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Results
Baseline characteristics of the study participants
From December 2020 to June 2023, a total of 439 patients diagnosed with AIS were included in our analysis. The 
median age of the participants was 64 years, ranging from 55 to 71 years. Among them, 311 patients (70.8%) were 
male. For a detailed description of the clinical characteristics of our study population, please refer to Table 1.

In our analysis, we observed an incidence rate of approximately 9.79% (43/439) for HT occurrence and 
around 49.32% (182/369) experienced adverse outcome (mRS ≥ 2). Among the 43 patients with HT, 10 
(23.26%) presented with hemorrhagic infarction type 1 (HI1), while HI2 was exhibited by 20 patients (46.52%). 
Additionally, parenchymal hematoma type 1 (PH1) was observed in 5 patients (11.63%), and PH2 was displayed 
in 8 patients (18.60%). The average age for those who developed HT was approximately 65 years old and 
predominantly male (76.7%). When comparing patients with and without HT, we found that those with HT 
had higher admission NIHSS scores and a greater proportion received intravenous thrombolysis treatment as 
well as had comorbidities such as atrial fibrillation and infectious diseases. Additionally, elevated levels of white 
blood cell count, neutrophil count, and CRP were observed upon admission for HT patients compared to non-
HT individuals (p < 0.05). However, lymphocyte count upon admission show lower values among HT patients 
(p < 0.05). Furthermore, relative to the Non-HT group, HT patients exhibited higher scores in the HTI, HeRS, 
HAT, and SEDAN models (Table 1, Fig. S1).

Association between CALLY and HT
The logistic regression analysis in Table  2 demonstrates the association between CALLY index and the risk 
of HT. Univariate logistic regression analysis revealed a significant negative correlation between CALLY and 
HT when considering it as a continuous variable. This relationship remained statistically significant even after 
adjusting for age, sex, hypertension, diabetes mellitus, atrial fibrillation, platelets, NIHSS score at admission, and 
IV thrombolysis therapy (OR 0.449, 95% CI 0.283–0.713, p = 0.001). When the CALLY index was divided into 4 
quartiles, a comparison with quartile 1 revealed lower prevalence of HT in the other three quartiles (quartile3: 
OR 0.197, 95% CI 0.066–0.783, P = 0.004; and for quartile 4: OR 0.038, 95% CI 0.005–0.305, P = 0.002).

Nonlinear correlation and subgroup analysis for the HT
Further evidence of a dose-response relationship between reduction in the CALLY index and HT is provided 
by RCS regression analysis (Fig. 2). The result indicates that lower levels of CALLY is significantly associated 
with a higher prevalence of HT, particularly in AIS patients with CALLY levels below 1.188. Subgroup analyses 
also confirm a robust association between CALLY and the prevalence of HT. Fig. S2 presents the results of 
subgroup analyses stratified by age (< 60 or ≥ 60 years), sex (male or female), NIHSS score at admission (< 5 or 
≥ 5), history of atrial fibrillation, hypertension, and diabetes mellitus (DM), as well as intravenous thrombolytic 
therapy. Result indicates that a higher CALLY index is generally associated with a reduced risk of HT across most 
subgroups. Notably, the effect was significantly modified by age and DM status, with older patients(age ≥ 60) and 
those without DM showing stronger associations.

Association between CALLY and 3-month functional outcome
Out of the AIS patients, 70 were lost to follow-up during the 3-month post-discharge assessment, resulting in a 
total of 369 patients whose final mRS scores were analyzed. Figure 3 illustrates the distribution of 3-month mRS 
scores across different quartiles of CALLY in individuals with AIS. A progressive increase in the proportion of 
adverse outcome(mRS ≥ 2) is observed as CALLY levels decrease. In the fourth quartile of CALLY ( > 2.414), 
the proportion of adverse outcome is 25.0%. However, in the first quartile of CALLY (< 0.527), accounting for 
81.7% experience adverse outcome. Multivariable logistic regression analysis in Table 3 indicating a significant 
association between the CALLY index and adverse functional outcome (aOR: 0.691, 95% CI 0.558–0.855, 
p = 0.001) after adjusting for admission NIHSS score, age, sex,TOAST classification, diabetes, HT and intravenous 
thrombolysis. Furthermore, to further investigate the relationship among CALLY, HT, and functional outcomes, 
we performed a mediation analysis. As illustrated in Fig. S3, the findings suggest that the association between the 
CALLY index and prognosis is not mediated by HT and remains significant even after adjusting for the effects 
of HT. This indicates that the CALLY index may have an independent role in predicting prognosis, beyond its 
association with HT.

Predictive values of CALLY for the HT and prognosis
The HTI score, HeRS score, SPAN-100 score, HAT score, SEDAN score, and GRASPS score based on laboratory 
test indicators and/or imaging parameters have been utilized for assessing the risk of HT in AIS. To evaluate 
the predictive efficacy of CALLY index, we compared it with the above prediction models. The ROC curve 
analysis (Fig. 4) revealed that the area under the curve (AUC) for the CALLY index was 0.746 (95% CI 0.677–
0.815) for predicting HT in AIS patients. At the optimal threshold of 1.081, sensitivity was 86% and specificity 
was 59%.Notably, the predictive performance of the CALLY index surpassed existing other scores, including 
HeRS score (AUC: 0.713, 95% CI 0.630–0.797), HTI score (AUC: 0.649, 95% CI 0.563–0.735), SPAN-100 score 
(AUC: 0.583, 95%CI 0.495–0.672), HAT score (AUC: 0.661, 95% CI 0.598–0.723), SEDAN score (AUC: 0.634, 
95% CI 0.563–0.705), and GRASPS Score (AUC: 0.522, 95%CI 0.429–0.616). Furthermore, the CALLY index 
demonstrated superior reclassification performance compared to the HeRS score, HTI score, SPAN-100 score, 
GRASPS score, HAT score and SEDAN score with NRI values of 0.439 (p < 0.001), 0.353 (p < 0.006), 0.441 
(p < 0.001), 0.383 (p < 0.001), 0.439 (p < 0.001), and 0.169 (p < 0.05), respectively, while the corresponding IDI 
values were 0.120 (p < 0.001), 0.128 (p < 0.001), 0.129 (p < 0.001), 0.136 (p < 0.001), 0.131 (p < 0.001), and 0.055 
(p < 0.05) (supplementary Table 1). These results indicate that the CALLY index significantly improves predictive 
accuracy compared to previous models. Particularly when combined with HeRS Score, CALLY index exhibited 
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Total (n = 439) Non-HT (n = 396) HT (n = 43) P value

Demographics

Male, no. (%) 311 (70.8) 278 (70.2) 33 (76.7) 0.370

Age (IQR), y 64 (55–71) 64 (55–71) 65 (56–72) 0.391

Medical history and risk factor

Current smoking, no. (%) 243 (55.4) 216 (54.5) 27 (62.8) 0.302

Current drinking, no. (%) 171 (39.0) 150 (37.9) 21 (48.8) 0.162

Hypertension, no. (%) 319 (72.7) 290 (73.2) 29 (67.4) 0.418

Dyslipidemia, no. (%) 174 (39.6) 157 (39.6) 17 (39.5) 0.989

Diabetes mellitus, no. (%) 144 (32.8) 129 (32.6) 15 (34.9) 0.759

Atrial fibrillation, no. (%) 93 (21.2) 78 (19.7) 15 (34.9) 0.021

Prior stroke, no. (%) 70 (15.9) 66 (16.7) 4 (9.3) 0.210

Treatment status

IVT, no. (%) 67 (15.3) 54 (13.7) 13 (31.0) 0.004

NIHSS on admission (IQR) 4 (2–8) 4 (2–8) 7 (3–10) 0.015

Baseline SBP (IQR), mmHg 145 (133–160) 145.5 (133–160) 141 (131–155) 0.326

Baseline DBP (IQR), mmHg 84 (76–92) 84 (76–93) 82 (74–90) 0.068

With infection diseases, no. (%) 157 (35.8) 140 (33.7) 25 (58.1) 0.002

TOAST subtypes, no. (%) < 0.001

LAA 266 (61.0) 243 (61.8) 23 (53.5)

CE 40 (9.2) 27 (6.9) 13 (30.2)

SAO 59 (13.5) 57 (14.5) 2 (4.7)

Other determined 9 (2.1) 9 (2.3) 0 (0.0)

Undetermined 62 (14.2) 57 (14.5) 5 (11.6)

Laboratory data

LDL (IQR), mmol/L 3.03 (2.47–3.60) 3.03 (2.48–3.60) 2.97 (2.395–3.625) 0.855

HDL (IQR), mmol/L 1.08 (0.91–1.26) 1.07 (0.91–1.26) 1.10 (0.93–1.26) 0.542

TC (IQR), mmol/L 4.76 (3.97–5.52) 4.76 (4.00-5.49) 4.59 (3.75–5.60) 0.723

TG (IQR), mmol/L 1.56 (1.09–2.26) 1.58 (1.09–2.27) 1.31 (1.00-2.28) 0.692

Creatine (IQR), umol/L 77.0 (63.8–91.8) 77.1 (62.6–92.0) 76.4 (67.2–86.0) 0.483

PLT (IQR), 109/L 204 (170–242) 205 (169.25–242) 203 (171–245) 0.688

Leukocyte (IQR), 109/L 7.2 (6.0-8.9) 7.1 (5.9–8.7) 8.4 (7.6–9.8) 0.005

Lymphocyte (IQR), 109/L 1.5 (1.1–1.9) 1.5 (1.1–1.9) 1.2 (1.0-1.5) 0.002

Neutrophil (IQR), 109/L 5.0 (3.8–6.7) 4.8 (3.7–6.5) 6.5 (5.1-8.0) < 0.001

BG (IQR), mmol/L 6.73 (5.52–9.20) 6.75 (5.50–9.19) 6.50 (5.60–9.63) 0.373

CRP (IQR), mg/L 4.63 (2.57–11.40) 4.22 (2.50-10.22) 10.10 (5.96–33.60) 0.001

Albumin (IQR), g/L 39.1 (36.5–41.3) 39.1 (36.3–41.3) 39.7 (36.9–41.8) 0.527

CALLY (IQR) 1.17 (0.48–2.35) 1.36 (0.56–2.50) 0.47 (0.14–0.89) < 0.001

Imaging data

HMCA sign, no. (%) 6 (1.4) 4 (1.0) 2 (4.7) 0.207

ASPECTS (IQR) 9.0 (8.0–10.0) 9.0 (8.0–10.0) 7.0 (6.0–8.0) < 0.001

Infarct volume (IQR), cc 5.0 (1.9–19.6) 3.6 (1.5–10.0) 39.3 (13.1–80.0) < 0.001

Early infarct signs on admission
CT head scan, no. (%) 287 (65.4) 244 (61.6) 43 (100.0) < 0.001

Model Scoring

HTI (IQR) 0.00 (0.00–1.00) 0.00 (0.00–1.00) 0.00 (1.00–2.00) < 0.001

Continued
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even more significant predictive efficacy (AUC: 0.752, 95%CI 0.684–0.820) (Fig. S4). Furthermore, the CALLY 
index exhibited superior predictive performance for functional outcome in AIS compared to other prediction 
scores, with an AUC of 0.757(95% CI 0.708–0.806) (Fig. 5).

Discussion
Our study consistently demonstrated a significant negative correlation between the CALLY index and the risk of 
HT as well as poor prognosis in patients with AIS. The ROC, NRI and IDI analysis indicated that the predictive 
performance of the CALLY index exhibited notable advantages. In conclusion, this study addresses the research 
gap regarding the CALLY index in AIS, suggesting that it may serve as a valuable indicator for predicting HT 
and functional outcome in AIS individuals.

In recent years, the role of inflammation immune in blood-brain barrier (BBB) disruption has gained increasing 
attention, leading to a shift in the conceptual framework from the “neurovascular unit” to the “neurovascular-
immune network”35. The CALLY index (albumin × lymphocytes / CRP), which integrates CRP, lymphocytes, 
and albumin, reflects systemic inflammation and immune status, suggesting a network imbalance driven by 
inflammation and immunity in the pathogenesis of HT. First, CRP is a well-known inflammatory marker, while 
neuroinflammation-induced BBB disruption is a key driver of HT36. After AIS, ischemia and hypoxia activate 
central and peripheral immune cells, releasing inflammatory mediators that trigger a neuroinflammatory storm, 
exacerbate BBB damage, and increase HT risk37,38. Preclinical and clinical studies have explored targeting 
neurovascular inflammation to reduce HT39. Fan et al. showed that minocycline inhibits microglial activation, 
neutrophil infiltration, and apoptosis, reducing HT in a rat stroke model40. The MARVEL clinical study found 
that methylprednisolone treatment significantly lowered symptomatic intracranial hemorrhage rates35. Second, 
immune system plays a critical role in HT. Lymphocytes act as neuroprotective agents, promoting functional 
recovery41. Ischemic stroke induces immune suppression through multifaceted mechanisms, leading to 
lymphocytopenia42. Planas et al. used a Rag2−/− mouse model to demonstrate that lymphocytopenia exacerbates 
post-stroke HT risk43. Regulatory T cells (Tregs) modulate neuroinflammation and exert neuroprotective effects44. 

CALLY index

Unadjusted Adjusted

OR (95% CI) P value OR (95% CI) P value

Continues 0.431 (0.284–0.654) < 0.001 0.449 (0.283–0.713) 0.001

Low Reference Reference

High 0.139(0.057–0.336) < 0.001 0.157 (0.061–0.402) < 0.001

Quartile 1 Reference Reference

Quartile 2 0.632 (0.308–1.294) 0.209 0.600 (0.272–1.323) 0.205

Quartile 3 0.190 (0.069–0.524) 0.001 0.197 (0.066–0.783) 0.004

Quartile 4 0.037 (0.005–0.278) 0.001 0.038 (0.005–0.305) 0.002

P for trend 0.412 (0.287–0.591) < 0.001 0.407(0.269–0.616) < 0.001

Table 2.  Multivariate logistic regression to assess the potential relationship between CALLY and HT. OR: odds 
ratio; CI: confidence interval. Low: ≤1.179; High: >1.179. Quartile 1: ≤0.481; Quartile 2: >0.483 and ≤ 1.179; 
Quartile 3: >1.179 and ≤ 2.381; Quartile 4: > 2.381. Adjusted for age, sex, hypertension, diabetes mellitus, atrial 
fibrillation, platelets, NIHSS score on admission, and IV thrombolysis therapy.

 

Total (n = 439) Non-HT (n = 396) HT (n = 43) P value

HeRS (IQR) 0.13 (0.10–0.18) 0.12 (0.106–0.17) 0.20 (0.13–0.27) < 0.001

SPAN-100 (IQR) 70.0 (60.0–78.0) 69.0 (60.0–78.0) 73.0 (64.0–82.0) 0.072

GRASPS (IQR) 51.0 (47.0–55.0) 51.0 (47.0–55.0) 51.0 (47.0–55.0) 0.626

HAT (IQR) 1.00 (1.00–2.00) 1.00 (0.00–2.00) 1.00 (1.00–2.00) < 0.001

SEDAN (IQR) 1.00 (1.00–2.00) 1.00 (1.00–2.00) 2.00 (1.00–3.00) 0.003

Table 1.  Comparative analysis of characteristics between patients with and without HT. The above data is 
described in terms of counts (proportions) or medians (P25-P75). CALLY, Albumin×Lymphocytes/(10×CRP); 
LDL, low-density lipoprotein; HDL, high-density lipoprotein; TC, total cholesterol; TG, triglycerides; PLT, 
platelet; BG, blood glucose; CRP, C-reactive protein; IVT, Intravenous thrombolysis; NIHSS, National 
Institutes of Health Stroke Scale; SBP, systolic blood pressure; DBP, diastolic blood pressure; TOAST, Trial 
of Org 10,172 in Acute Stroke Treatment; LAA, large-artery atherosclerosis; CE, cardio embolism; SAO, 
small-arterial occlusion. HMCA sign, High-Density Middle Cerebral Artery Sign; ASPECTS, Alberta Stroke 
Program Early CT Score; HTI, the Hemorrhagic Transformation Index score; HeRS, Hemorrhage Risk 
Stratification score; SPAN-100, Stroke Prognostication using Age and NIHSS score; GRASPS, GWTG-Stroke 
sICH risk score; HAT, Hemorrhage After Thrombolysis score; SEDAN, Symptomatic Intracranial Hemorrhage 
after Stroke Thrombolysis score.
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Fig. 3.  The distribution of 3-month mRS scores in different quartiles of CALLY among individuals with AIS. 
CALLY, C-reactive protein–albumin–lymphocyte; mRS, the modified Rankin Scale; AIS, acute ischemic stroke.

 

Fig. 2.  The RCS curve of the association between CALLY and HT among AIS population.
 The analyses have been adjusted potential confounders, including age, sex, hypertension, diabetes mellitus, 
atrial fibrillation, platelets, NIHSS score on admission, and IVT therapy. The red solid line represents the 
adjusted ORs, while the shaded light pink areas indicate the corresponding 95% CI. CALLY index could 
increase the risk of HT when lower than 1.188.
 RCS, restricted cubic spline; CALLY, C-reactive protein–albumin–lymphocyte; HT, hemorrhagic 
transformation. OR, odds ratio; CI, confidence interval.
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In stroke models, depletion of Tregs exacerbates neuroinflammatory pathology45. Preclinical studies by Liston 
and colleagues further elucidated that IL-2-mediated Treg expansion suppresses excessive neuroinflammation 
and reduces HT risk46. Finally, albumin is also closely associated with HT47. Low serum albumin during AIS 
correlates with elevated S100B (a BBB disruption marker) and larger lesion volumes48. In a middle cerebral artery 
occlusion rat model, elevated albumin levels during early stroke phases suppressed vascular endothelial growth 
factor expression, reduce BBB damage, and lower vascular permeability49. Additionally, albumin enhances Treg-
mediated immunomodulation, contributing to neuroprotection50. Moreover, albumin enhances Treg-mediated 
immunomodulation, contributing to neuroprotection51. In our study, multivariate logistic regression analysis 
identified low CALLY index levels as an independent predictor of HT in AIS patients. RCS analysis revealed 

Fig. 4.  The ROC value of CALLY index, HTI score, HeRS score, HAT score, SEDAN score, SPAN–100 score, 
GRASPS score in predicting HT in AIS patients.  ROC, the receiver operating characteristic; AUC, area under 
curve; CALLY, C-reactive protein–albumin–lymphocyte; HTI, the Hemorrhagic Transformation Index score; 
HeRS, Hemorrhage Risk Stratification score; SPAN-100, Stroke Prognostication using Age and NIHSS score; 
GRASPS, GWTG-Stroke sICH risk score; HAT, Hemorrhage After Thrombolysis score; SEDAN, Symptomatic 
Intracranial Hemorrhage after Stroke Thrombolysis score.

 

CALLY index

Unadjusted Adjusted

OR (95% CI) P value OR (95% CI) P value

Continues 0.510 (0.418–0.623) < 0.001 0.691 (0.558–0.855) 0.001

Low Reference Reference

High 0.176(0.112–0.275) < 0.001 0.337 (0.200–0.570) < 0.001

Quartile 1 Reference Reference

Quartile 2 0.430 (0.205–0.791) 0.008 0.869 (0.399–1.893) 0.869

Quartile 3 0.137 (0.071–0.265) < 0.001 0.384 (0.175–0.843) 0.017

Quartile 4 0.076 (0.038–0.153) < 0.001 0.227 (0.097–0.531) 0.001

P for trend 0.413(0.331–0.516) < 0.001 0.573(0.440–0.746) < 0.001

Table 3.  Multivariate logistic regression to assess the potential relationship between CALLY and mRS. OR: 
odds ratio; CI: confidence interval. Low: ≤1.230; High: >1.230. Quartile 1: ≤0.527; Quartile 2: >0.527 and 
≤ 1.230; Quartile 3: >1.230 and ≤ 2.414; Quartile 4: > 2.414. Adjusted for age, sex, diabetes mellitus, NIHSS 
score on admission, IV thrombolysis therapy, TOAST and hemorrhagic transformation.
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a significant reduction in HT risk when the CALLY index exceeded 1.188. This protective association may be 
attributed to the synergistic effects of its components: elevated albumin and lymphocyte levels (numerator) 
combined with reduced CRP concentrations (denominator), collectively positioning the CALLY index as a 
protective marker.

To the best of our knowledge, this study is the first to investigate the relationship between the CALLY index 
and HT. Currently, there is a noticeable lack of predictive markers for HT. Existing predictive models, such as the 
HTI score and HAT score, encompass various indicators and incorporating comprehensive imaging assessments 
in primary healthcare settings remains challenging. Furthermore, certain serum molecules have been explored 
as potential biomarkers for HT52,53; nevertheless, their expensive testing costs present significant obstacles 
to widespread clinical application. Therefore, it is crucial to identify more accessible and reliable predictive 
indicators.

In clinical practice, the CALLY index emerges as a promising predictive marker due to its exceptional 
accessibility and reliability. Its calculation relies solely on routine laboratory parameters—albumin, lymphocyte 
count, and CRP, without the need for additional assays, including NIHSS scores or imaging data. Furthermore, 
the CALLY index has been validated as a robust prognostic tool in malignancies, including hepatocellular 
carcinoma, oral squamous cell carcinoma, and esophageal cancer18,54,55, etc. The findings of this study also 
demonstrate the superiority of the CALLY index in predicting HT and functional outcomes in AIS patients. 
Analyses using the ROC curve, NRI, and IDI indicate that the CALLY index significantly improves predictive 
accuracy for HT compared to previous models. These findings hold significant clinical application, as early and 
precise risk stratification enables the implementation of personalized therapeutic strategies. For patients with 
low CALLY index levels—indicating elevated HT risk and unfavorable outcomes—enhanced focus on diagnosis, 
treatment, and follow-up is warranted. The CALLY index could be seamlessly incorporated into existing acute 
stroke management protocols, including pre- and post-recanalization monitoring, to optimize treatment 
decisions and prognostic assessments. Given these promising results, further prospective studies are warranted 
to validate the application of the CALLY index in AIS patient populations.

Fig. 5.  The ROC value of CALLY, HTI score, HeRS score, HAT score, SEDAN score, SPAN–100 score, 
GRASPS score in predicting functional outcome in AIS patients.  ROC, the receiver operating characteristic; 
AUC, area under curve; CALLY, C-reactive protein–albumin–lymphocyte; HTI, the Hemorrhagic 
Transformation Index score; HeRS, Hemorrhage Risk Stratification score; SPAN-100, Stroke Prognostication 
using Age and NIHSS score; GRASPS, GWTG-Stroke sICH risk score; HAT, Hemorrhage After Thrombolysis 
score; SEDAN, Symptomatic Intracranial Hemorrhage after Stroke Thrombolysis score.
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In the subgroup analysis, it was found that the decreased CALLY level is strongly associated with an 
increased risk of HT in patients characterized by advanced age and non-diabetes status. This finding suggests 
that elderly patients without diabetes may be particularly vulnerable to HT when presenting with low CALLY 
levels. Therefore, it is of paramount importance to thoroughly evaluate the CALLY index in these specific patient 
cohorts. Furthermore, mediation analysis reveals that the impact of the CALLY index on functional outcomes is 
not solely confined to its relationship with HT. This observation suggests that additional, potentially independent 
mechanisms may be at play, which extend the influence of CALLY levels beyond merely the increased risk 
of hemorrhagic complications. These findings highlight the complexity of the underlying pathophysiological 
processes and provide novel insights that warrant further in-depth research.

The study’s most notable strength lies in its pioneering investigation of the role of the CALLY index in 
predicting HT and outcome among AIS patients. However, there are still some limitations to consider: firstly, 
due to the limited sample size, our analysis focused solely on examining the association between CALLY index 
and any HT, without considering specific HT subtypes or conducting a separate analysis for symptomatic HT. 
Secondly, this study was conducted at a single center. To enhance the reliability of the conclusions, future studies 
should include multiple centers across diverse stroke populations or geographic regions for external validation. 
Additionally, the current study only utilized baseline data, and incorporating dynamic monitoring of the study 
indicators may provide more accurate assessment of the relationship between CALLY index and AIS prognosis.

Conclusion
The CALLY index is simple and rapid to calculate, requiring no additional NIHSS scores or imaging parameters, 
which highlights its significant clinical utility. A decrease in the CALLY index is associated with an increased 
risk of HT and poor functional outcomes in AIS. Specifically, when the CALLY index drops below 1.188, the risk 
of HT rises. In comparison to existing predictive models, such as HeRS, HTI, SPAN-100, GRASPS, HAT, and 
SEDAN scores, the CALLY index demonstrates superior predictive performance for both HT and functional 
outcomes.

Data availability
All data can be provided upon request. For any additional queries, please contact the corresponding author.
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