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Purpose: The C–reactive protein–albumin–lymphocyte (CALLY) score integrates inflammation, nutrition, and immune status. Its 
association with acute kidney injury (AKI) following cardiac surgery remains unclear.
Patients and Methods: This retrospective cohort study included 1,302 patients (mean age 60.4 ± 10.7 years; 56.4% male) who 
underwent major cardiac surgery at a tertiary hospital between October 2017 and October 2023. Multivariable Poisson regression with 
robust standard errors was used to estimate the association between preoperative CALLY score and postoperative AKI. Restricted 
cubic spline analysis with three knots was employed to assess potential nonlinearity in the dose–response relationship.
Results: Postoperative AKI occurred in 487 (37.4%;95% CI: 34.8%–40.1%) patients. Patients were categorized into quartiles: Q1 (0.1 
≤ CALLY ≤ 1.1), Q2 (1.1 < CALLY ≤ 3.7), Q3 (3.7 < CALLY ≤ 7.5), and Q4 (7.5 < CALLY ≤ 35). Compared with the Q4, the 
adjusted incidence rate ratios for AKI were 1.45 (95% CI: 1.17–1.80) for Q1, 1.31 (95% CI: 1.05–1.63) for Q2, and 1.38 (95% CI: 
1.11–1.72) for Q3. A nonlinear association was observed (P for nonlinearity = 0.004), with AKI risk decreasing steeply at lower 
CALLY values and stabilizing beyond the reference value of 7.5.
Conclusion: Preoperative CALLY score was independently associated with postoperative AKI in a nonlinear, dose-dependent 
manner. Although this association suggests the score may be useful for preoperative risk stratification, further prospective studies 
are needed to determine whether it has clinical utility in guiding preventive interventions.
Keywords: acute kidney injury, cardiac surgery, C–reactive protein–albumin–lymphocyte, risk factor

Introduction
Acute kidney injury (AKI) commonly occurs among patients undergoing cardiac surgery. Preoperatively, 10–30% of 
cardiac surgery patients have pre-existing chronic kidney disease, which markedly increases their vulnerability to 
postoperative kidney injury.1,2 Postoperatively, AKI develops in 20–40% of these patients.3,4 Other common complica
tions following cardiac surgery include postoperative atrial fibrillation (20–40%), stroke (1–5%), pulmonary complica
tions (up to 40%), re-exploration for bleeding (2–5%), and delirium (25–50%).5,6 Common causes of death following 
cardiac surgery include multiorgan failure (often triggered by AKI),7,8 stroke,6 sepsis,9 and refractory heart failure.10

Given that AKI is a major contributor to postoperative morbidity and mortality, elucidating its underlying 
mechanisms and risk factors is clinically important. The pathophysiology of AKI following is multifactorial. Key 
mechanisms might include ischemia-reperfusion injury, systemic inflammatory activation, oxidative stress, and 
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hemolysis-induced cell-free hemoglobin toxicity.11–13 Several preoperative (such as older age, diabetes mellitus, 
hypertension, chronic kidney disease, and heart failure), intraoperative (such as prolonged cardiopulmonary bypass 
time, aortic cross-clamp time, and intra-aortic balloon pump use), and postoperative (such as low cardiac output 
syndrome, infection, and emergency reoperation) risk factors for AKI have already been established.14

Beyond these established risk factors, identifying reliable preoperative biomarkers that capture a patient’s overall physio
logical reserve may further improve risk assessment. Unlike common AKI biomarkers (such as kidney injury molecule-1, 
tissue inhibitor of metalloproteinase-2, and IGF-binding protein 7)15 that reflect isolated aspects of renal injury, the C-reactive 
protein-albumin-lymphocyte (CALLY) score16 captures systemic inflammation, nutritional status, and immune function in 
a single composite score, offering a broader preoperative assessment of physiological reserve. The CALLY score has been used 
extensively in gastrointestinal cancer research since proposed in 2022.17,18 More recently, researchers have applied the CALLY 
score to non-cancer diseases, including acute ischemic stroke.19 However, little is known about the link between preoperative 
CALLY score and postoperative AKI, especially in the high-risk population of patients undergoing cardiac surgery. Therefore, 
the aim of this study was to explore the association of preoperative CALLY score with the risk of AKI.

Materials and Methods
Study Design
This study drew on information from a retrospective cohort at a Chinese hospital, covering six years from October 2017 
to October 2023.3,20 This work is a component of the “Hospital outcomes after Cardiac Surgery Project”, and full project 
details are published elsewhere.3,20 This report follows the Reporting of Observational Studies in Epidemiology 
statement.3,20,21

Participants
We excluded patients younger than 18 years, those with advanced kidney disease,22 and individuals with incomplete 
laboratory data needed to compute the CALLY score.

Exposure Measures
Preoperative CALLY score was measured based on the following formula:16,23,24

CRP (by immunoturbidimetry), albumin (by the bromocresol green method), and lymphocyte count (by an automated 
hematology analyzer) were measured in the hospital’s central clinical laboratory following standard procedures, and the 
data were extracted from preoperative blood tests performed within six weeks before surgery.25 Although preoperative 
blood tests were permitted up to six weeks before surgery, more than 95% of patients had these tests completed within 
one week prior to the operation. Generally, higher CALLY values reflect more favourable immunological and nutritional 
status, whereas lower values indicate an integrated state of hyperinflammation, malnutrition, and immunodepletion.23,26 

The exposure of interest was a low preoperative CALLY score (quartiles Q1–Q3, representing the lower 75% of the 
distribution), with the highest quartile (Q4) serving as the reference.

Outcome Measures
AKI was defined, encompassing any of the following: an increase in serum creatinine of 26.5 μmol/L or more within two 
days, a creatinine rise to at least 1.5 times the baseline value within seven days, or a urine output below 0.5 mL/kg 
per hour for six consecutive hours.3,20,27

Covariates
Covariates were abstracted from structured medical records and included age, gender, smoking history, marital status, 
education status, employment, body mass index (BMI), the specific surgical procedure performed, and the time of 
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surgical procedure.3,20 We employed the Charlson Comorbidity Index (CCI) to capture the spectrum and severity of 
coexisting conditions.28

Statistical Analyses
Baseline characteristics were summarized based on CALLY quartiles. To compare continuous variables across quartiles, we 
used one-way analysis of variance and reported the results as means ± standard deviations. Pairwise comparisons were 
performed using pwmean with Bonferroni correction. For categorical variables, we used counts and percentages, and applied 
the chi-square test to evaluate group differences. Pairwise chi-square tests were performed using tabi with Bonferroni 
correction. A threshold of P < 0.0083 (0.05/6) was used for all pairwise comparisons to account for multiple testing.

The association between preoperative CALLY score and AKI was examined using Poisson regression with robust 
standard errors.29 Estimates were derived from both univariable and multivariable models controlling for age, sex, 
baseline estimated Glomerular Filtration Rate (eGFR), BMI, comorbidity burden, and surgical procedure category. We 
used a Poisson regression model with restricted cubic splines to test for nonlinearity. The knots were located at the 5th, 
50th, and 95th percentiles of the CALLY score distribution. We used incidence rate ratios (IRRs) with their 95% 
confidence intervals (CIs) to quantify the effect size.

We performed sensitivity analyses using an alternative CALLY cutoff value determined based on the methodology of 
Youden index.30 Furthermore, statistical power was deemed sufficient, as the 487 observed AKI events satisfied the 
conventional 10–15 events per variable (EPV) threshold for reliable multivariable modeling.31 All statistical calculations 
were carried out using Stata SE 17.0. A two-tailed p-value no greater than 0.05 was regarded as statistically significant.

Figure 1 Flow chart for selection of patients. 
Abbreviations: AKI, Acute Kidney Injury; CALLY, C–reactive protein–albumin–lymphocyte; CKD, Chronic Kidney Disease.
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Results
Study Population
Of the 2,396 patients (Figure 1), 1,094 were excluded (41 for age <18 years, 37 for advanced CKD, 22 due to missing 
AKI data, 994 with missing preoperative CALLY score). Consequently, the study cohort consisted of 1,302 patients.

Participant Characteristics
Compared to included patients, excluded patients had higher BMI, greater comorbidity, and more CABG but fewer valve 
surgeries (all P < 0.01), with no other significant differences (Table S1). As shown in Table 1, the study included 1,302 

Table 1 Patient Demographics and Baseline Characteristics

Characteristics (Mean ± SD/n (%)) Total Cohort (n=1,302) CALLY Index P value

Q1 (n=329) Q2 (n=332) Q3 (n=319) Q4 (n=322)

Age, years 60.4 ± 10.7 61.5 ± 11.5* 61.1 ± 10.0* 61.3 ± 10.1* 57.5 ± 10.8 < 0.001

Sex 0.136

Male 734 (56.4) 202 (61.4) 181 (54.5) 181 (56.7) 170 (52.8)

Female 568 (43.6) 127 (38.6) 151 (45.5) 138 (43.3) 152 (47.2)

Smoking status 0.569

Non-smokers 1,030 (79.1) 252 (76.6) 262 (78.9) 257 (80.6) 259 (80.4)

Smokers 272 (20.9) 77 (23.4) 70 (21.1) 62 (19.4) 63 (19.6)

Marital status 0.063

Married/de facto/partner 1,263 (97.0) 314 (95.4) 328 (98.8) 311 (97.5) 310 (96.3)

Divorced/widowed/single 39 (3.0) 15 (4.6) 4 (1.2) 8 (2.5) 12 (3.7)

Education 0.161

Junior high school and below 1,183 (90.9) 296 (90.0) 310 (93.4) 292 (91.5) 285 (88.5)

Senior high school and above 119 (9.1) 33 (10.0) 22 (6.6) 27 (8.5) 37 (11.5)

Employment 0.601

Employed 940 (72.2) 228 (69.3) 244 (73.5) 233 (73.0) 235 (73.0)

Retired/Unemployed 362 (27.8) 101 (30.7) 88 (26.5) 86 (27.0) 87 (27.0)

BMI, kg/m2 23.7 ± 3.4 23.8 ± 3.6 23.9 ± 3.4 23.8 ± 3.5 23.1 ± 3.1 0.001

CCI 0.070

0 482 (37.0) 107 (32.5) 109 (32.8) 133 (41.7) 133 (41.3)

1 395 (30.3) 96 (29.2) 111 (33.4) 90 (28.2) 98 (30.4)

2 272 (20.9) 81 (24.6) 67 (20.2) 62 (19.4) 62 (19.3)

>2 153 (11.8) 45 (13.7) 45 (13.6) 34 (10.7) 29 (9.0)

Surgical procedure 0.002

Heart valve surgery 790 (60.7) 180 (54.7)* 189 (56.9)* 200 (62.7)* 221 (68.6)

CABG 306 (23.5) 98 (29.8) 85 (25.6) 64 (20.1) 59 (18.3)

(Continued)
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patients (mean age 60.4 ± 10.7 years; 56.4% male), categorized into quartiles: Q1 (0.1 ≤ CALLY ≤ 1.1), Q2 (1.1 < 
CALLY ≤ 3.7), Q3 (3.7 < CALLY ≤ 7.5), and Q4 (7.5 < CALLY ≤ 35). Patients in the Q4 were younger (P < 0.001), 
underwent heart valve surgery more frequently (P = 0.002), and had lower BMI (P = 0.001) than those in the lower 
quartiles. Pairwise comparisons with Bonferroni correction confirmed that Q1, Q2, and Q3 each differed significantly 
from Q4 for age and surgical procedure (all P < 0.0083).

Incidence of Postoperative AKI
Of the 1,302 patients, 37.4% (95% CI: 34.8–40.1%) developed AKI based on both serum creatinine and urine output 
criteria (Table S2). Across CALLY quartiles (Figure 2), the occurrence of AKI was 42.9% (95% CI: 37.5–48.3%) in Q1, 

Table 1 (Continued). 

Characteristics (Mean ± SD/n (%)) Total Cohort (n=1,302) CALLY Index P value

Q1 (n=329) Q2 (n=332) Q3 (n=319) Q4 (n=322)

Ascending aorta replacement 25 (1.9) 9 (2.7) 4 (1.2) 4 (1.3) 8 (2.5)

Heart valve surgery and/or 

CABG and/or 

ascending aorta replacement

181 (13.9) 42 (12.8) 54 (16.3) 51 (16.0) 34 (10.6)

Time of operation, hours 5.3 ± 1.5 5.4 ± 1.6 5.3 ± 1.3 5.4 ± 1.5 5.1 ± 1.4 0.066

Notes: Data are presented as mean ± SD or n (%). P values were calculated using one-way ANOVA (continuous variables) or chi-square test (categorical variables) across 
the four CALLY quartiles. Pairwise comparisons with Bonferroni correction: * P < 0.0083 vs. Q4 (Bonferroni-corrected). 
Abbreviations: BMI, body mass index; CABG, Coronary Artery Bypass Grafting; CALLY, C-reactive protein–Albumin–Lymphocyte; CCI, Charlson Comorbidity Index; Q1, 
Quartile 1 (0.1 ≤ CALLY ≤ 1.1); Q2, Quartile 2 (1.1 < CALLY ≤ 3.7); Q3, Quartile 3 (3.7 < CALLY ≤ 7.5); Q4, Quartile 4 (7.5 < CALLY ≤ 35); SD, standard deviation.

Figure 2 The incidence of AKI stratified by the CALLY quartiles. 
Abbreviations: AKI, Acute Kidney Injury; CALLY, C–reactive protein–albumin–lymphocyte; Q1, Quartile 1 (0.1–1.1); Q2, Quartile 2 (1.1–3.7); Q3, Quartile 3 (3.7–7.5); 
Q4, Quartile 4 (7.5–35).
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38.3% (95% CI: 33.0–43.8%) in Q2, 41.1% (95% CI: 35.7–46.6%) in Q3, and 27.3% (95% CI: 22.5–32.5%) in Q4. 
A statistically significant difference was observed across quartiles (P < 0.001).

Associations of Preoperative CALLY Quartiles on AKI
Figure 3 shows that Poisson regression analyses revealed the relationship between preoperative CALLY quartiles and 
AKI. In the unadjusted model, patients in Q1 had an IRR of 1.57 (1.26–1.95; P < 0.001), those in Q2 had an IRR of 1.40 
(1.12–1.75; P = 0.003), and those in Q3 had an IRR of 1.50 (1.20–1.88; P < 0.001), compared to those in the Q4. As for 
the adjusted model, the IRR for Q1was 1.45 (1.17–1.80; P = 0.001), for Q2 was 1.31 (1.05–1.64; P = 0.016), and for Q3 
was 1.38 (1.11–1.72; P = 0.003), compared with Q4.

Nonlinear Relationship Between CALLY Score and AKI
In the unadjusted model, the relationship between the CALLY score and AKI was nonlinear (P for nonlinearity = 0.0008) 
(Figure 4A). The risk of AKI was elevated at lower CALLY values, with a gradual decline as CALLY increased. After 
adjusting for age, sex, baseline eGFR, BMI, CCI, and surgical procedure type, a nonlinear inverse association remained 
between the CALLY score and postoperative AKI (P for nonlinearity = 0.004). Compared with the reference value of 7.5 
(the third quartile cutoff), patients with a CALLY score of 1.0 had an adjusted IRR of 1.19 (1.02–1.39) (Figure 4B). 
Conversely, for values above 7.5, the IRR gradually declined, with a CALLY score of 15.0 yielding an IRR of 0.84 
(0.72–0.98).

Sensitivity Analyses
The optimal cutoff value for the CALLY score was calculated as 4.0 based on the Youden index. After multivariable 
adjustment for age, sex, baseline eGFR, BMI, CCI, and surgical procedure type, patients with a low CALLY score (≤ 4.0) 
faced a significantly increased AKI risk, with an IRR of 1.15 (1.00–1.32, P = 0.050), compared to those with a high 
CALLY score (> 4.0).

Figure 3 Association of preoperative CALLY score with AKI. Multivariable regression models were adjusted for age, sex, baseline estimated Glomerular Filtration Rate, 
BMI, CCI, and types of surgical procedures. 
Abbreviations: AKI, Acute Kidney Injury; BMI, Body Mass Index; CALLY, C–reactive protein–albumin–lymphocyte; CCI, Charlson Comorbidity Index; CI, Confidence 
Interval; IRR, Incidence Rate Ratio.
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Discussion
This study provides the first investigation of how preoperative CALLY score relates to the risk of postoperative AKI, 
specifically in the cardiac surgery setting. We observed that a low CALLY score was linked to an elevated risk of 
postoperative AKI. A non–linear dose–response pattern between preoperative CALLY score and AKI was also detected. 
The risk of AKI decreased steeply as the CALLY score increased from low values, with the association attenuating and 
stabilizing at higher levels, compared with the reference value of 7.5 (the third quartile cutoff of CALLY score).

The overall incidence of postoperative AKI in our cohort was 37.4%, which falls within the upper range of previously 
reported rates (20–40%) for cardiac surgery.3,4 The relatively high incidence may be explained by the inclusion of 
complex procedures (eg., combined valve and CABG). Notably, AKI incidence ranged from 27.3% (Q4) to 42.9% (Q1), 
suggesting a graded association between poorer immunonutritional status and higher AKI risk. Although the overall trend 
decreased from Q1 to Q4, the quartile analysis did not show a strictly dose-dependent pattern. Restricted cubic spline 
analysis further revealed a significant nonlinear inverse association (P for nonlinearity = 0.004). However, the confidence 
intervals widened substantially at higher CALLY scores due to sparse data, warranting cautious interpretation of the 
nonlinear relationship, particularly at the upper end of the CALLY distribution.

We found that patients in the lowest CALLY quartile had a 48% higher risk of AKI compared with those in the 
highest quartile. This was consistent with the findings of many studies demonstrating the prognostic role of the CALLY 

Figure 4 Non–linear relationship between preoperative CALLY score and AKI. (A) Unadjusted restricted cubic spline plot showing the dose-response relationship between 
CALLY score and the predicted probability of postoperative AKI. (B) Adjusted restricted cubic spline plot after controlling for age, sex, baseline estimated Glomerular 
Filtration Rate, BMI, CCI, and type of surgical procedure. The solid line represents the IRR; shaded areas indicate 95% CI. The reference value is set at the third quartile 
cutoff of CALLY (7.5), indicated by the vertical dashed line. Both the X-axis (CALLY score) and the Y-axis (IRR) are log-transformed to improve visual readability and 
maintain statistical fidelity. 
Abbreviations: AKI, Acute Kidney Injury; BMI, Body Mass Index; CALLY, C–reactive protein–albumin–lymphocyte; CCI, Charlson Comorbidity Index; CI, Confidence 
Interval; IRR, Incidence Rate Ratio; Q3, the third quartile cutoff of CALLY.
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score.16,32–34 Initially developed and validated in patients undergoing hepatectomy, where low CALLY score predicted 
reduced overall survival,16 subsequent studies have extended its application to Sepsis,32 Asthma,33 and ST-segment 
elevation myocardial infarction.34

We also found a nonlinear dose–response pattern between CALLY score and AKI, with the steepest risk reduction 
occurring at lower CALLY values and stabilization beyond the threshold of 7.5. This pattern resembles findings from 
studies of other inflammatory indices (eg., the stress hyperglycaemia ratio), where risk attenuation occurs beyond certain 
thresholds.35 This suggests that preoperative identification of patients with low CALLY scores may enable targeted 
nutritional and anti-inflammatory interventions prior to surgery. However, the confidence intervals widened considerably 
at higher CALLY scores due to sparse data in that range, indicating reduced precision; therefore, the nonlinear relation
ship should be interpreted cautiously, particularly at extreme CALLY scores.

The inverse relationship between preoperative CALLY score and the risk of AKI might be attributable to the 
following potential biological mechanisms. The CALLY score captures three interrelated physiological dimensions, 
which has been independently linked to AKI pathogenesis. For example, CRP directly reflects this inflammatory burden, 
and elevated preoperative CRP levels have been associated with postoperative AKI in prior studies.36 Low serum 
albumin may compromise renal perfusion and lower the kidney’s tolerance to ischemia–reperfusion injury.37 Reduced 
lymphocyte counts have been shown to independently predict poor outcomes following surgery.38 Therefore, a low 
CALLY score may capture a combined state of high inflammation, poor nutrition, and weakened immunity. All of which 
may increase the kidney’s susceptibility to injury around the time of surgery. However, these proposed mechanisms are 
speculative, and causality cannot be inferred from this observational study.

The demonstrated association with AKI suggests that the CALLY score might complement existing risk stratification 
models (eg., the Cleveland Clinic Score).39 Patients identified as high-risk based on low CALLY values might benefit 
from perioperative optimization strategies, including nutritional support, minimization of nephrotoxic exposures, and 
enhanced hemodynamic monitoring. However, future prospective studies are necessary to evaluate whether preoperative 
optimization of the CALLY score components can mitigate AKI risk and improve postoperative health outcomes.

A key limitation is the lack of serial CRP measurements; thus, the CALLY score could only be evaluated 
preoperatively, precluding analysis of perioperative dynamics. Continuous measurements throughout the perioperative 
period might provide additional prognostic information and insight into dynamic risk trajectories. Our results might be 
biased by several unmeasured confounders (such as cardiac function, cardiopulmonary bypass time, intraoperative 
transfusion, and postoperative hemodynamic parameters) due to the retrospective observational settings. Moreover, 
a substantial number of patients (43.3% of the initial cohort) were excluded due to missing CALLY score components. 
Compared with the included patients, those excluded had higher BMI, greater comorbidity burden, and more frequent 
CABG but fewer valve surgeries, indicating a higher baseline risk profile. This selection bias may have led to an 
underestimation of the true AKI incidence in the full cardiac surgery population; therefore, our findings should be 
considered conservative. In addition, single centre setting in a Chinese cohort might limit the generalizability of our 
results to other populations. Lastly, we did not directly compare CALLY with its individual components or other 
inflammatory indices (eg., systemic immune-inflammation index). Future prospective studies with larger samples are 
needed to determine whether CALLY score adds incremental prognostic value over markers for AKI risk stratification.

Conclusion
In this retrospective cohort study, the overall incidence of postoperative AKI was 37.4% (95% CI: 34.8%–40.1%), with 
marked variation across CALLY quartiles. Preoperative CALLY score was independently associated with postoperative 
AKI in a nonlinear, dose-dependent manner. Although this association suggests potential utility for risk stratification, 
external validation and formal predictive performance analyses are needed before clinical application. Strengths of this 
study include the large sample size and first evaluation of CALLY in AKI, while limitations include the retrospective, 
single-center design, lack of serial CALLY measurements, and absence of comparison with other inflammatory indices.
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Abbreviations
AKI, acute kidney injury; BMI, body mass index; CALLY, C–reactive protein–albumin–lymphocyte; CCI, Charlson 
Comorbidity Index; CI, confidence interval; CRP, C-reactive protein; eGFR, estimated Glomerular Filtration Rate; EPV, 
events per variable; IRR, incidence rate ratio; KDIGO, Kidney Disease, Improving Global Outcomes; RCS, restricted 
cubic spline; SD, standard deviation.
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