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C-reactive protein-albumin-lymphocyte (CALLY) index 
in chronic kidney disease and mortality: insights into 
inflammation, nutrition, and immune status
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A b s t r a c t

Introduction: The C-reactive protein-albumin-lymphocyte (CALLY) index rep-
resents a novel composite biomarker integrating inflammatory, nutritional, 
and immune parameters. We aimed to examine the relationship between 
CALLY index and chronic kidney disease (CKD) prevalence. 
Material and methods: This cross-sectional analysis utilized data from the 
National Health and Nutrition Examination Survey. CKD was defined as an 
estimated glomerular filtration rate (eGFR) < 60 ml/min/1.73 m² and/or uri-
nary albumin-to-creatinine ratio (UACR) ≥ 30 mg/g. Multivariable logistic re-
gression and restricted cubic spline (RCS) analyses assessed the relationship 
between CALLY index and CKD risk. Among CKD patients, Cox proportional 
hazards models evaluated associations of the CALLY index with all-cause 
and cardiovascular mortality. 
Results: Among the 26 996 participants, 4997 individuals were diagnosed 
with CKD. Participants with CKD demonstrated lower CALLY index values 
compared to those without CKD. Multivariable logistic regression indicated 
that, compared to the lowest quartile, the highest quartile showed 29.5% re-
duced CKD risk (OR = 0.705, 95% CI: 0.589–0.845, p < 0.001). The RCS mod-
el demonstrated a  significant L-shaped association between CALLY index 
and CKD prevalence. Among CKD patients, higher CALLY index significantly 
predicted better survival outcomes for both all-cause and cardiovascular 
mortality. 
Conclusions: The CALLY index demonstrates inverse associations with CKD 
risk and mortality, suggesting its potential utility as a comprehensive bio-
marker for CKD risk stratification and prognosis assessment.

Key words: chronic kidney disease, inflammatory markers, nutritional 
status, immune function, population-based study.

Introduction

Chronic kidney disease (CKD) affects approximately 10–15% of the 
global population, significantly increasing patients’ cardiovascular event 
risk and all-cause mortality while imposing a substantial economic bur-
den on healthcare systems [1, 2]. Given this formidable disease burden, 
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early identification of high-risk populations for 
CKD and accurate prognostic risk assessment in 
diagnosed patients hold paramount clinical signif-
icance for disease prevention, early intervention, 
and the development of individualized therapeu-
tic strategies [3, 4].

The development and progression of CKD rep-
resents a complex process involving multiple patho-
physiological mechanisms, primarily encompassing 
chronic inflammatory responses, oxidative stress, 
endothelial dysfunction, immune system dysreg-
ulation, and nutritional-metabolic abnormalities 
[5–10]. Based on the complexity and diversity of 
CKD pathogenesis, composite biomarkers that in-
tegrate multiple pathophysiological pathways have 
demonstrated significant advantages in disease 
risk prediction and prognostic assessment in recent 
years [11, 12]. The CALLY index, as an emerging 
composite biomarker, is calculated using albumin, 
lymphocyte, and C‑reactive protein (CRP), quantify-
ing the complex interactions among inflammatory 
cascades, nutritional status, and immune function, 
potentially providing a  more comprehensive and 
precise information integration platform for dis-
ease risk prediction and prognostic assessment [13, 
14]. However, despite the demonstrated prognostic 
predictive value of the CALLY index in oncology and 
cardiovascular disease fields, research on its appli-
cation in renal disease remains relatively sparse, 
representing a significant research gap [14–19].

To address this critical knowledge gap, we uti-
lized the National Health and Nutrition Examina-
tion Surveys (NHANES) data to conduct systematic 
analysis of relationships between the CALLY index 
and CKD prevalence, including its prognostic value 
among CKD patients in a nationally representative 
study population. We hypothesized that the CALLY 
index would demonstrate significant associations 
with CKD risk and mortality outcomes, with higher 
values indicating better prognosis. 

Material and methods

Study population

Data for this investigation originated from 
NHANES, a comprehensive national survey admin-
istered by the National Center for Health Statistics 
within the Centers for Disease Control and Preven-
tion (CDC) structure. The survey uses a stratified, 
multistage randomized sampling framework to 
achieve national U.S. population representation. 
The study received ethical approval from the Na-
tional Center for Health Statistics (NCHS) Ethics 
Review Board (https://www.cdc.gov/nchs/nhanes/
about/erb.html) (Protocol #98-12 for 1999-2004; 
Protocol #2005-06 for 2005-2010). The analysis in-
corporated six consecutive NHANES examination 
cycles conducted from 1999–2000 to 2009–2010 

(https://wwwn.cdc.gov/nchs/nhanes). Participants 
across these cycles completed comprehensive 
questionnaires and underwent extensive phys-
ical examinations and laboratory assessments 
[20]. Exclusion criteria included individuals below  
20 years of age, pregnant participants, and those 
with missing CALLY index, estimated glomerular 
filtration rate (eGFR), and urinary albumin-to-cre-
atinine ratio (UACR) data, yielding a  final study 
sample of 26 996 subjects.

Calculation of CALLY index and definition 
of CKD

The CALLY index was computed using the for-
mula: albumin (g/l) × lymphocyte count (109/l)/[CRP 
(mg/l) × 10] [13]. CKD identification was established 
through an eGFR under 60 ml/min/1.73 m² and/or 
UACR ≥ 30 mg/g, indicating albuminuria [21]. The 
eGFR calculation employed the Chronic Kidney Dis-
ease Epidemiology Collaboration (CKD-EPI) equa-
tion, which integrates patient age, sex, race, and 
serum creatinine (Scr) concentrations [22].

Mortality

The research utilized the NHANES Public-Use 
Linked Mortality File encompassing data up to 
December 31, 2019, employing probabilistic algo-
rithms to match National Death Index (NDI) records 
for mortality status verification. Follow-up time for 
CKD study participants was determined by the in-
terval spanning from baseline evaluation to the 
most recent documented survival date or censor-
ing in the mortality file. The investigation’s main 
endpoints comprised all-cause mortality and car-
diovascular deaths within the CKD study popula-
tion. Cardiovascular-related mortality was specified 
according to International Statistical Classification 
of Diseases, 10th Revision (ICD-10) standards and 
NCHS categorization of heart disease (054-068) 
and cerebrovascular conditions (070).

Covariates

Several confounding factors were included in 
our analysis. Demographics encompassed age, 
sex, race (Mexican American, Non-Hispanic White, 
Non-Hispanic Black, Other Hispanic, other races), 
marital status (married/unmarried), poverty-in-
come ratio (PIR), and educational achievement 
(above high school or not). Behavioral factors in-
cluded smoking history (former/current users). 
Clinical parameters comprised hypertension, di-
abetes, cardiovascular diseases (CVDs), and bio-
markers: body mass index (BMI), triglycerides (TG), 
total cholesterol (TC), high-density lipoprotein cho-
lesterol (HDL-c), and low-density lipoprotein cho-
lesterol (LDL-c), and uric acid (UA). Hypertension 
was identified by self-reported diagnosis, average 
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systolic/diastolic blood pressure ≥ 140/90 mm 
Hg, or antihypertensive medication. Diabetes was 
defined through self-report, fasting plasma glu-
cose (FPG) ≥ 7.0 mmol/l, hemoglobin A1c (HbA1c)  
≥ 6.5%, or current use of antidiabetic medications. 
CVDs included coronary heart disease, myocardial 
infarction, stroke, heart failure, and angina.

Statistical analysis

A  population-weighted, multi-stage survey de-
sign was implemented following the Centers for 
Disease Control and Prevention (CDC) weighting 
standards. Descriptive analyses presented contin-
uous variables as weighted means with 95% confi-
dence intervals (CI) and categorical variables as un-
weighted frequencies with weighted percentages. 
Statistical comparisons employed weighted t-tests 
for continuous measures and c2 tests for categor-
ical outcomes. The CALLY index-CKD relationship 
was analyzed using three logistic regression mod-
els: unadjusted baseline, demographic-controlled 
(age, sex, race, marital status, PIR, education level, 
and smoking history), and fully adjusted incorpo-
rating hypertension, diabetes mellitus, CVDs, BMI, 
TG, HDL-c, LDL-c, and UA levels. SHapley Additive 
exPlanations (SHAP) values were further imple-
mented to elucidate feature contributions. Rooted 
in game theory’s Shapley framework, SHAP values 
enable equitable allocation of influence for each 
predictor across specific instances during mod-
el inference. Feature importance and swarm plot 
visualizations were generated for the top 10 pre-
dictors. Dose-response associations were exam-
ined via restricted cubic spline (RCS) methodology 
using four knots with the median log-transformed 
(ln) CALLY index as the referent category. Covari-
ate-specific subgroup analyses were also per-
formed. Survival analysis used Cox proportional 
hazards modeling to evaluate CALLY index associ-
ations with all-cause and cardiovascular mortali-
ty among CKD patients. Kaplan-Meier estimation 
calculated cumulative mortality risk across CALLY 
index quartiles, with log-rank testing comparing 
survival distributions. Statistical analysis was per-
formed using R software, with statistical signifi-
cance set at two-sided p < 0.05.

Results

Baseline characteristics

Table I  data reveal pronounced differences be-
tween CKD and non-CKD subjects. Participants with 
CKD showed advanced age, increased female pro-
portion, and distinctive racial composition featur-
ing higher Non-Hispanic Black and lower Mexican 
American percentages (p < 0.001). Socioeconomic 
indicators demonstrated reduced PIR and educa-
tional attainment (p < 0.001). Enhanced comorbidi-

ty prevalence encompassed hypertension, diabetes, 
and CVDs (p < 0.001). Physical parameters showed 
elevated BMI, while lipid evaluations indicated in-
creased TG and reduced LDL-c, with unaltered TC 
and HDL-c (p < 0.001). Laboratory findings includ-
ed higher UA, CRP, and UACR concentrations, cou-
pled with decreased albumin, lymphocyte levels, 
and eGFR, yielding lower CALLY measurements (p < 
0.001). Table II presents ordered variations across 
CALLY index categories. Lower categories contained 
older participants with female predominance and 
elevated Non-Hispanic Black representation (p < 
0.001). Socioeconomic factors improved systemat-
ically across categories, reflected in increasing PIR 
and educational standards (p < 0.001). Disease 
prevalence diminished substantially from lower to 
higher categories, affecting hypertension, diabetes, 
and CVDs (p < 0.001). BMI showed a  progressive 
decrease across categories (p < 0.001). TG and TC 
achieved maximum levels in category two, HDL-c 
rose continuously, while LDL-c peaked in category 
two (p < 0.001). Biomarker trajectories were dis-
tinct: UA, CRP, and UACR decreased systematically, 
whereas albumin, lymphocytes, and eGFR increased 
correspondingly (p < 0.001). CKD incidence correlat-
ed negatively with CALLY categories (p < 0.001).

Associations between CALLY index and CKD

The multivariable logistic regression findings 
presented in Table III illustrate the relationship be-
tween ln CALLY index and CKD susceptibility using 
three sequential adjustment models. When strati-
fied by quartiles, the analysis revealed a consistent 
inverse dose-dependent pattern, using the first 
quartile (Q1) as the baseline comparator. A  sta-
tistically significant trend was observed across all 
models, with ascending CALLY quartiles associat-
ed with decreased CKD susceptibility (p for trend  
< 0.001). The comprehensive adjustment model in-
dicated that Q2 participants experienced a 22.3% 
significant reduction in risk (OR = 0.777, 95% CI:  
0.672–0.898, p < 0.001), while Q3 showed signifi-
cant risk attenuation of 24.1% (OR = 0.759, 95% CI:  
0.650–0.885, p < 0.001). The uppermost quar-
tile (Q4) provided maximum protection, reducing 
risk by 29.5% relative to the reference group (OR 
= 0.705, 95% CI: 0.589–0.845, p < 0.001). SHAP 
analysis identified age as the strongest predictor 
for CKD, followed closely by UA, hypertension, and 
diabetes (Figure 1 A). Ln CALLY was ranked sixth 
in terms of contribution, indicating a  moderate 
meaningful role in CKD risk (Figure 1 A  ). Swarm 
plot results showed that higher Ln CALLY values 
(highlighted in yellow) corresponded to lower SHAP 
scores, implying a reduced risk of CKD (Figure 1B).  
Further RCS modeling indicated a  L-shaped re-
lationship between Ln CALLY index and CKD risk 
(Figure 2). Subsequent piecewise regression anal-
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ysis identified the optimal inflection point at ln  
CALLY index = 0.543 (Table IV). Below this thresh-
old, each unit increase in Ln CALLY index corre-
sponded to a  24.7% risk reduction (OR = 0.753, 
95% CI: 0.674–0.842, p < 0.001), while above the 
inflection point, the protective effect plateaued 
(OR = 0.955, 95% CI: 0.889–1.027, p = 0.218).

Subgroup analyses

Subgroup analysis confirmed that the protec-
tive association between the ln CALLY index and 
CKD was robust across age divisions (< 60 years: 
OR = 0.859, ≥ 60 years: OR = 0.892), BMI catego-
ries (< 25 kg/m²: OR = 0.900, 25–30 kg/m²: OR = 
0.850, ≥ 30 kg/m²: OR = 0.881), and disease status 

(non-diabetic: OR = 0.879, diabetic: OR = 0.877; 
non-hypertensive: OR = 0.907, hypertensive: OR = 
0.863; non-CVDs: OR = 0.877, CVDs: OR = 0.884), 
with all interaction p > 0.05, validating the homo-
geneous effects across these patient characteris-
tics. However, a statistically significant interaction 
by sex was detected (p for interaction = 0.014), 
suggesting that the protective effect was more 
pronounced in males (OR = 0.831) compared to 
females (OR = 0.931) (Figure 3).

Associations between CALLY index and 
mortality among CKD patients

We examined 4993 CKD patients for CALLY in-
dex-mortality correlations after excluding 4 cases 

Table I. Demographic and clinical characteristics of participants according to CKD status

Characteristics Overall (n = 26996) Non-CKD (21999) CKD (4997) P-value

Age [years] 46.91 (46.41, 47.42) 44.55 (44.12, 44.98) 61.49 (60.63, 62.35) < 0.001

Sex, n (%) < 0.001

 Female 13444 (51.00) 10846 (49.96) 2598 (57.37)

 Male 13552 (49.00) 11153 (50.04) 2399 (42.63)

Race, n (%) 0.008 

 Mexican American 5502 (8.03) 4637 (8.23) 865 (6.77)

 Other Hispanic 1822 (4.41) 1545 (4.49) 277 (3.93)

 Non-Hispanic White 13476 (71.28) 10768 (71.11) 2708 (72.34)

 Non-Hispanic Black 5112 (10.52) 4143 (10.37) 969 (11.49)

 Other race 1084 (5.76) 906 (5.81) 178 (5.46)

Smokers, n (%) 13072 (48.18) 10513 (47.91) 2559 (49.82) 0.080 

Married, n (%) 14562 (57.76) 12028 (58.27) 2534 (54.63) < 0.001

PIR 3.04 (2.97, 3.11) 3.10 (3.03, 3.17) 2.69 (2.60, 2.78) < 0.001

Above high school, n (%) 12328 (56.43) 10460 (58.08) 1868 (46.19) < 0.001

Hypertension, n (%) 11505 (37.21) 7788 (31.93) 3717 (69.73) < 0.001

Diabetes, n (%) 4074 (11.29) 2342 (8.27) 1732 (29.95) < 0.001

CVDs, n (%) 3047 (8.55) 1679 (5.97) 1368 (24.53) < 0.001

BMI [kg/m2] 28.48 (28.31, 28.64) 28.31 (28.14, 28.49) 29.50 (29.21, 29.79) < 0.001

TG [mg/dl] 150.88 (148.26, 153.49) 147.84 (145.01, 150.68) 169.61 (163.64, 175.57) < 0.001

TC [mg/dl] 198.40 (197.60, 199.20) 198.52 (197.68, 199.36) 197.67 (195.79, 199.54) 0.391 

HDL-c [mg/dl] 53.12 (52.71, 53.52) 53.15 (52.71, 53.58) 52.92 (52.11, 53.73) 0.598 

LDL-c [mg/dl] 116.36 (115.41, 117.30) 117.18 (116.23, 118.14) 111.15 (108.89, 113.41) < 0.001

UA [mg/dl] 5.44 (5.41, 5.47) 5.35 (5.32, 5.38) 5.96 (5.89, 6.03) < 0.001

eGFR [ml/min/1.73 m2] 93.94 (93.15, 94.73) 97.56 (96.92, 98.20) 71.64 (70.19, 73.09) < 0.001

UACR [mg/g] 30.86 (27.30, 34.42) 7.40 (7.25, 7.54) 175.64 (152.13, 199.15) < 0.001

Albumin [g/l] 42.75 (42.64, 42.85) 42.94 (42.83, 43.05) 41.57 (41.42, 41.73) < 0.001

Lymphocytes [109] 2.15 (2.13, 2.17) 2.16 (2.14, 2.17) 2.09 (2.03, 2.16) 0.041 

CRP [mg/dl] 0.40 (0.39, 0.41) 0.37 (0.36, 0.39) 0.56 (0.52, 0.61) < 0.001

CALLY index 11.23 (10.76, 11.70) 11.84 (11.34, 12.35) 7.43 (6.73, 8.13) < 0.001

Data reported as weighted means and confidence intervals for continuous variables, unweighted counts and weighted percentages for 
categorical variables. PIR – poverty-income ratio; CVDs – cardiovascular diseases; BMI – body mass index; TG – triglycerides; TC – total 
cholesterol; HDL-C – high-density lipoprotein cholesterol; LDL-C – low-density lipoprotein cholesterol; UA – uric acid; eGFR – estimated 
glomerular filtration rate; UACR – urinary albumin-to-creatinine ratio; CRP – C-reactive protein; CALLY Index – C-reactive protein-albumin-
lymphocyte index; CKD – chronic kidney disease.
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Table II. Demographic and clinical characteristics of participants across CALLY index quartiles

Characteristics Quartile 1 Quartile 2 Quartile 3 Quartile 4 P-value

Age [years] 50.27  
(49.66, 50.88)

49.21  
(48.54, 49.89)

47.15  
(46.42, 47.88)

42.29  
(41.74, 42.83)

< 0.001

Sex, n (%) < 0.001

 Female 4040 (62.33) 3521 (54.22) 3002 (45.09) 2881 (45.06)

 Male 2709 (37.67) 3228 (45.78) 3745 (54.91) 3870 (54.94)

Race, n (%) < 0.001

 Mexican American 1345 (8.24) 1445 (8.22) 1450 (8.33) 1262 (7.46)

 Other Hispanic 414 (4.05) 457 (4.75) 472 (4.29) 479 (4.51)

 Non-Hispanic White 3269 (70.00) 3370 (71.30) 3413 (72.30) 3424 (71.32)

 Non-Hispanic Black 1548 (14.06) 1258 (10.89) 1112 (8.99) 1194 (8.92)

 Other race 173 (3.65) 219 (4.84) 300 (6.09) 392 (7.80)

Smokers, n (%) 3373 (50.01) 3318 (49.03) 3295 (48.55) 3086 (45.76) 0.001

Married, n (%) 3466 (55.19) 3744 (58.72) 3863 (60.98) 3489 (56.06) < 0.001

PIR 2.83 (2.74, 2.92) 3.00 (2.93, 3.08) 3.09 (3.01, 3.17) 3.19 (3.11, 3.28) < 0.001

Above high school, n (%) 2839 (52.05) 2955 (54.28) 3065 (56.01) 3469 (61.86) < 0.001

Hypertension, n (%) 3703 (49.45) 3164 (41.68) 2722 (36.15) 1916 (25.23) < 0.001

Diabetes, n (%) 1502 (18.90) 1130 (12.79) 848 (8.97) 594 (6.37) < 0.001

CVDs, n (%) 1108 (13.16) 825 (10.11) 661 (6.82) 453 (5.35) < 0.001

BMI [kg/m2] 32.46 
(32.16, 32.77)

29.83 
(29.58, 30.08)

27.70 
(27.50, 27.91)

25.09 
(24.93, 25.24)

< 0.001

TG [mg/dl] 155.77 
(151.22, 160.31)

164.92 
(159.14, 170.70)

156.04 
(150.21, 161.87)

131.16 
(127.79, 134.53)

< 0.001

TC [mg/dl] 198.56 
(196.98, 200.14)

203.76 
(202.28, 205.24)

200.71 
(198.90, 202.52)

191.87 
(190.65, 193.09)

< 0.001

HDL-c [mg/dl] 50.69 
(50.12, 51.27)

51.41 
(50.79, 52.04)

52.75 
(52.13, 53.37)

56.66 
(56.01, 57.32)

< 0.001

LDL-c [mg/dl] 116.78 
(114.83, 118.73)

120.97 
(119.28, 122.66)

117.15 
(115.55, 118.75)

110.99 
(109.23, 112.75)

< 0.001

UA [mg/dl] 5.66 (5.60, 5.72) 5.57 (5.52, 5.62) 5.46 (5.41, 5.52) 5.14 (5.10, 5.19) < 0.001

eGFR [ml/min/1.73 m2] 91.33 
(90.30, 92.35)

91.83 
(90.80, 92.86)

93.67 
(92.61, 94.73)

97.89 
(97.10, 98.68)

< 0.001

UACR [mg/g] 52.33 
(41.23, 63.43)

35.83 
(28.59, 43.06)

20.49 
(17.81, 23.17)

19.83 
(14.94, 24.71)

< 0.001

Albumin [g/l] 40.51 
(40.37, 40.65)

42.28 
(42.15, 42.41)

43.28 
(43.17, 43.40)

44.35 
(44.22, 44.48)

< 0.001

Lymphocytes [109] 1.99 (1.96, 2.02) 2.12 (2.09, 2.15) 2.17 (2.14, 2.20) 2.27 (2.23, 2.31) < 0.001

CRP [mg/dl] 1.23 (1.19, 1.27) 0.33 (0.33, 0.34) 0.15 (0.15, 0.15) 0.05 (0.05, 0.05) < 0.001

CALLY index 0.96 (0.94 ,0.97) 2.87 (2.84, 2.89) 6.74 (6.68, 6.80) 29.83 (28.83, 30.83) < 0.001

CKD, n (%) 1779 (20.90) 1355 (15.48) 1098 (12.39) 765 (8.81) < 0.001

Data reported as weighted means and confidence intervals for continuous variables, unweighted counts and weighted percentages for 
categorical variables. PIR – poverty-income ratio; CVDs – cardiovascular diseases; BMI – body mass index; TG – triglycerides; TC – total 
cholesterol; HDL-C – high-density lipoprotein cholesterol; LDL-C – low-density lipoprotein cholesterol; UA – uric acid; eGFR – estimated 
glomerular filtration rate; UACR – urinary albumin-to-creatinine ratio; CRP – C-reactive protein; CALLY Index – C-reactive protein-albumin-
lymphocyte index; CKD – chronic kidney disease.

with missing mortality information. Throughout 
125 months median tracking, 2653 all-cause fatal-
ities were recorded, with 980 deaths from cardio-
vascular origins. Kaplan-Meier survival function 
analysis demonstrated significantly lower cumu-
lative death risks for both total and cardiovascular 
mortality in the highest versus the lowest CALLY 

index quartiles (p < 0.001) (Figure 4). Fully adjust-
ed Cox proportional hazards analysis showed that 
higher log (CALLY index) baseline concentrations 
were significantly associated with lower risk of 
all-cause death (HR = 0.862, 95% CI: 0.816–0.910, 
p < 0.001) and cardiovascular mortality (HR = 
0.885, 95% CI: 0.808–0.970, p = 0.009) (Table V).  
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Table III. Multivariable logistic regression analysis of CALLY index and CKD risk

CKD risk Model 1 Model 2 Model 3

OR (95% CI) P-value

Continuous

 Ln CALLY index 0.735 (0.718, 0.753) < 0.001 0.833 (0.809, 0.857) < 0.001 0.878 (0.837, 0.922) < 0.001

Quartiles

 Q1 Reference Reference Reference

 Q2 0.702 (0.648, 0.761) < 0.001 0.760 (0.692, 0.834) < 0.001 0.777 (0.672, 0.898) < 0.001

 Q3 0.543 (0.499, 0.591) < 0.001 0.666 (0.604, 0.735) < 0.001 0.759 (0.650, 0.885) < 0.001

 Q4 0.357 (0.325, 0.392) < 0.001 0.581 (0.521, 0.647) < 0.001 0.705 (0.589, 0.845) < 0.001

P for trend < 0.001 < 0.001 < 0.001

OR – odds ratio. 95% CI – 95% confidence interval. Model 1: non-adjusted. Model 2: adjusted for age, sex, race, marital status, PIR, 
education level, and smoking history. Model 3: adjusted for age, sex, race, marital status, PIR, education level, smoking history, hypertension, 
diabetes, CVDs, BMI, TG, HDL-c, LDL-c, and UA levels.

Figure 1. SHAP value analysis of predictive features. A – Mean absolute SHAP value ranking of top 10 features; 
B – SHAP value distribution swarm plot showing top 10 features impact and value relationships
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Complete model adjustment demonstrated that 
fourth-quartile subjects had 0.622-fold lower 
all-cause mortality risk and 0.697-fold lower car-
diovascular death risk compared to first-quartile 
subjects.

Discussion

Our analysis of the NHANES database estab-
lishes a  remarkable non-linear, L-shaped inverse 
correlation between the CALLY index and CKD risk, 
while simultaneously demonstrating its prognos-
tic significance for both all-cause and cardiovas-
cular mortality in CKD individuals.

Compared to single biomarkers, composite 
indices can simultaneously capture multidimen-
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Table IV. Piecewise regression analysis of CALLY index threshold effects on CKD risk

Ln CALLY index OR (95% CI) P-value

Total 0.878 (0.837, 0.922) < 0.001

Breakpoint 0.543

OR1 (ln CALLY index < 0.543) 0.753 (0.674, 0.842) < 0.001

OR2 (ln CALLY index > 0.543) 0.955 (0.889, 1.027) 0.218

OR2/OR1 1.268 (1.086, 1.481) 0.003

P for logarithmic likelihood ratio 0.003

OR – odds ratio. 95% CI – 95% confidence interval. Adjusted for age, sex, race, marital status, PIR, education level, smoking history, 
hypertension, diabetes, CVDs, BMI, TG, HDL-c, LDL-c, and UA levels.

Ln CALLY index 	 OR 95% CI 	 P for interaction 

Age [years] 

< 60 	 0.859 (0.798, 0.924) <0.001	 0.412 

≥ 60 	 0.892 (0.840, 0.948) < 0.001 

Sex 

Female 	 0.931 (0.871, 0.995) 0.035 	 0.014 

Male 	 0.831 (0.778, 0.887) < 0.001 

BMI [kg/m2] 

< 25 	 0.900 (0.832, 0.973) 0.008 	 0.609 

25–30 	 0.850 (0.783, 0.923) < 0.001 	

≥ 30 	 0.881 (0.809, 0.960) 0.004 	

Diabetes 

No 	 0.879 (0.832, 0.928) < 0.001 	 0.965

Yes 	 0.877 (0.799, 0.962) 0.006 

Hypertension 

No 	 0.907 (0.839, 0.980) 0.014 	 0.302 

Yes 	 0.863 (0.814, 0.915) < 0.001 

CVDs 

No 	 0.877 (0.831, 0.925) < 0.001 	 0.890 

Yes	 0.884 (0.798, 0.980) 0.019 

Figure 3. Subgroup-specific associations between ln CALLY index and CKD risk
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sional pathophysiological information involved in 
disease development and progression, providing 
more accurate and comprehensive risk assess-
ment capabilities [23]. The prognostic role of the 
CALLY index was first systematically investigated 
in oncology. A low CALLY index is an independent 
predictor of all-cause and cardiovascular mortali-
ty among patients with cancer [16]. We also ob-
served a similar pattern in our CKD cohort, where 

a lower CALLY score corresponds to a poorer mor-
tality outcome. Additionally, the application of 
the CALLY index has been further translated to 
the cardiometabolic area. Research in this field 
indicates that a  low index value is associated 
with an increased risk of adverse cardiovascular 
events, including a  higher incidence of stroke in 
the hypertensive population [18]. Moreover, an 
association between the CALLY index and cardio-
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Figure 4. Kaplan-Meier survival curves for all-cause and cardiovascular mortality stratified by CALLY index quartiles
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Table V. Multivariable Cox regression analysis of CALLY index and mortality outcomes among CKD patients

Parameter Model 1 Model 2 Model 3

HR (95% CI), P-value

All-cause mortality

 Ln CALLY index 0.853 (0.828, 0.879) < 0.001 0.860 (0.832, 0.889) < 0.001 0.862 (0.816, 0.910) < 0.001

 Quartiles

Q1 Reference Reference Reference

Q2 0.846 (0.764, 0.937) 0.001 0.797 (0.715, 0.888) < 0.001 0.807 (0.684, 0.954) 0.012

Q3 0.736 (0.662, 0.818) < 0.001 0.723 (0.646, 0.809) < 0.001 0.773 (0.651, 0.917) 0.003

Q4 0.610 (0.547, 0.681) < 0.001 0.626 (0.557, 0.703) < 0.001 0.622 (0.514, 0.751) < 0.001

 P for trend < 0.001 < 0.001 < 0.001

Cardiovascular 
mortality

 Ln CALLY index 0.864 (0.823, 0.907) < 0.001 0.869 (0.823, 0.917) < 0.001 0.885 (0.808, 0.970) 0.009

 Quartiles

Q1 Reference Reference Reference

Q2 0.883 (0.746, 1.046) 0.151 0.809 (0.676, 0.970) 0.022 0.711 (0.535, 0.944) 0.018

Q3 0.785 (0.660, 0.933) 0.006 0.762 (0.634, 0.917) 0.004 0.779 (0.587, 1.033) 0.083

Q4 0.638 (0.532, 0.765) < 0.001 0.641 (0.528, 0.777) < 0.001 0.697 (0.512, 0.948) 0.021

 P for trend < 0.001 < 0.001 0.038

HR – hazards ratio. 95% CI – 95% confidence interval. Model 1: non-adjusted. Model 2: adjusted for age, sex, race, marital status, 
PIR, education level, and smoking history. Model 3: adjusted for age, sex, race, marital status, PIR, education level, smoking history, 
hypertension, diabetes, CVDs, BMI, TG, HDL-c, LDL-c, and UA levels.

renal syndrome was documented by Zhehao Xu 
et al. in the U.S. population [15]. The CALLY index 
integrates three fundamental pathophysiologi-
cal components that collectively reflect the com-
plex interplay between nutritional homeostasis, 
immune competence, and inflammatory burden 
in renal disease progression. Serum albumin, as 
a  classic biomarker reflecting nutritional status 
and hepatic synthetic function, exhibits decreased 
levels that represent a significant manifestation of 
protein-energy wasting syndrome in CKD patients 
[24–26]. Hypoalbuminemia is also associated with 
poor prognosis in CKD patients [26, 27]. Addition-

ally, CKD is accompanied by alterations in the im-
mune system [28]. Lymphocyte count, serving as 
an important indicator of immune function, might 
reflect damage to the hematopoietic and immune 
systems caused by the uremic environment when 
reduced, as well as Th1/Th2 immune response im-
balance and regulatory T cell dysfunction [29–32]. 
Lymphocyte depletion may be associated with 
CKD progression to some extent [28]. CRP, as an 
acute phase reactant and sensitive marker of sys-
temic inflammation, may participate in the renal 
injury process through mechanisms such as com-
plement system activation and promotion of en-
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dothelial dysfunction when persistently elevated, 
and may be related to upregulated expression of 
fibrosis-related genes [33, 34]. Elevated CRP lev-
els show a positive correlation with CKD incidence 
risk [35, 36]. Previously, He et al. also reported 
the association between the C-reactive protein 
to lymphocyte ratio (CLR) and the prevalence of 
CKD in US adults [34]. Additionally, this non-linear 
L-shaped pattern reveals a  threshold phenome-
non wherein CKD risk demonstrates substantial 
reduction with moderate increases in CALLY val-
ues, followed by a plateau phase where addition-
al index elevation yields diminishing protective 
returns. Such biphasic behavior suggests that 
therapeutic strategies targeting nutritional opti-
mization, immune preservation, and inflammatory 
control may exhibit maximal effectiveness in pop-
ulations with lower baseline CALLY scores, while 
individuals with elevated indices might require 
alternative risk mitigation approaches focused 
on conventional cardiovascular risk factors. Given 
that our analysis was based on NHANES, the ele-
vated mean BMI likely reflects the high prevalence 
of overweight/obesity in the U.S. adult population 
rather than selection bias [37, 38]. Because BMI is 
closely linked to metabolic dysregulation and low-
grade inflammation, we adjusted for BMI in the 
fully adjusted models, and the associations were 
generally consistent across BMI categories.

This study has several limitations that warrant 
consideration. The cross-sectional study design 
prevents determination of causal associations 
between the CALLY index and CKD risk. Although 
NHANES offers population-representative data, 
the limited follow-up duration may not adequate-
ly capture the long-term predictive capacity of the 
CALLY index, while the use of single laboratory val-
ues for CKD diagnosis could compromise diagnos-
tic precision. Additionally, we adjusted for multiple 
covariates. However, some factors (e.g., medica-
tions, diet, and other inflammatory/immune bio-
markers) were unavailable across NHANES cycles, 
and residual confounding may remain. Finally, 
although the CALLY index integrates information 
on inflammation, nutritional status, and immune 
status, it may still not fully capture all dimensions 
of the complex pathophysiology of CKD. Future 
studies incorporating additional clinical parame-
ters and emerging biomarkers may improve the 
precision of CKD risk stratification and prognostic 
assessment.

In conclusion, based on large-scale NHANES 
data, this study identified a  nonlinear L-shaped 
negative association between the CALLY index 
and CKD risk and demonstrated that the CALLY 
index can predict all-cause and cardiovascular 
mortality in CKD patients. As a  composite bio-
marker integrating inflammation, nutrition, and 

immunity, the CALLY index may serve as a novel 
tool for risk stratification and prognosis assess-
ment in CKD.
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wwwn.cdc.gov/nchs/nhanes.

Acknowledgments

Yanhong Sun and Qi Sun contributed equally.

Funding

This study was funded by the Science and 
Technology Project of Changzhou Health Commis-
sion (QN202452).

Ethical approval

This study used NHANES data (1999–2010) ap-
proved by the National Center for Health Statistics 
(NCHS) Ethics Review Board (https://www.cdc.
gov/nchs/nhanes/about/erb.html) (Protocol #98-
12 for 1999-2004; Protocol #2005-06 for 2005-
2010). All procedures adhered to the Declaration 
of Helsinki.

Conflict of Interest

The authors declare no conflict of interest.

R e f e r e n c e s
1.	Kovesdy CP. Epidemiology of chronic kidney disease: an 

update 2022. Kidney Int Suppl 2022; 12: 7-11. 
2.	Mathew RO, Bangalore S, Lavelle MP, et al. Diagnosis and 

management of atherosclerotic cardiovascular disease 
in chronic kidney disease: a review. Kidney Int 2017; 91: 
797-807. 

3.	Yao S, Xu D. Relationships between blood concentra-
tions of cadmium, lead, mercury, selenium, and manga-
nese and the risk of chronic kidney disease: a cross-sec-
tional study based on NHANES 2011-2018. Arch Med 
Sci 2024; 20: 1822-30. 

4.	Mazidi M, Mikhailidis DP, Dehghan A, et al. The asso-
ciation between coffee and caffeine consumption and 
renal function: insight from individual-level data, Men-
delian randomization, and meta-analysis. Arch Med Sci 
2022; 18: 900-11. 

5.	Ho HJ, Shirakawa H. Oxidative stress and mitochondrial 
dysfunction in chronic kidney disease. Cells 2022; 12: 88.

6.	Kishi S, Nagasu H, Kidokoro K, Kashihara N. Oxidative 
stress and the role of redox signalling in chronic kidney 
disease. Nat Rev Nephrol 2024; 20: 101-19.

7.	Romejko K, Szamotulska K, Rymarz A, Tomasz R, Niem-
czyk S. The association of appendicular skeletal muscle 
mass with anthropometric, body composition, nutrition-
al, inflammatory, and metabolic variables in non-dialy-
sis-dependent chronic kidney disease men. Front Med 
2024; 11: 1380026. 

8.	Slee AD. Exploring metabolic dysfunction in chronic kid-
ney disease. Nutr Metab 2012; 9: 36. 

https://www.cdc.gov/nchs/nhanes/about/erb.html
https://www.cdc.gov/nchs/nhanes/about/erb.html


Yanhong Sun, Qi Sun, Chujie Zheng, Ting Wu, Yamei Bai

10� Arch Med Sci

9.	Cho ME, Brunt VE, Shiu YT, Bunsawat K. Endothelial dys-
function in chronic kidney disease: a  clinical perspec-
tive. Am J Physiol Heart Circ Physiol 2025; 329: H135-53. 

10.	Gu L, Xia Z, Qing B, et al. Systemic Inflammatory Re-
sponse Index (SIRI) is associated with all-cause mor-
tality and cardiovascular mortality in population with 
chronic kidney disease: evidence from NHANES (2001-
2018). Front Immunol 2024; 15: 1338025.

11.	Chen Y, Nie Y, Wu J, et al. Association between system-
ic inflammatory indicators with the survival of chronic 
kidney disease: a prospective study based on NHANES. 
Front Immunol 2024; 15: 1365591. 

12.	Liu J, Zhao J, Yuan J, et al. Association of C-reactive pro-
tein to albumin ratio with all-cause and cardiovascular 
mortality in patients with chronic kidney disease stages 
3-5. Environ Health Prev Med 2025; 30: 21. 

13.	Müller L, Hahn F, Mähringer-Kunz A, et al. Immunonutri-
tive scoring for patients with hepatocellular carcinoma 
undergoing transarterial chemoembolization: evalua-
tion of the CALLY Index. Cancers 2021; 13: 5018.

14.	Yang M, Lin SQ, Liu XY, et al. Association between C-re-
active protein-albumin-lymphocyte (CALLY) index and 
overall survival in patients with colorectal cancer: from 
the investigation on nutrition status and clinical out-
come of common cancers study. Front Immunol 2023; 
14: 1131496. 

15.	Xu Z, Tang J, Xin C, Jin Y, Zhang H, Liang R. Associations 
of C-reactive protein-albumin-lymphocyte (CALLY) index 
with cardiorenal syndrome: insights from a  popula-
tion-based study. Heliyon 2024; 10: e37197. 

16.	Zhu D, Lin YD, Yao YZ, Qi XJ, Qian K, Lin LZ. Negative 
association of C-reactive protein-albumin-lymphocyte 
index (CALLY index) with all-cause and cause-specific 
mortality in patients with cancer: results from NHANES 
1999-2018. BMC Cancer 2024; 24: 1499. 

17.	Liu XY, Zhang X, Zhang Q, et al. The value of CRP-albu-
min-lymphocyte index (CALLY index) as a  prognostic 
biomarker in patients with non-small cell lung cancer. 
Support Care Cancer 2023; 31: 533. 

18.	Fan X, Qing D, Zhao J, et al. The relationship between 
CALLY index and stroke in hypertensive patients: in-
sights from NHANES. Front Nutr 2025; 12: 1592641. 

19.	Takeda Y, Sugano H, Okamoto A, et al. Prognostic use-
fulness of the C-reactive protein-albumin-lymphocyte 
(CALLY) index as a novel biomarker in patients under-
going colorectal cancer surgery. Asian J Surg 2024; 47: 
3492-8. 

20.	Bhargava V, Lee JS, Smith TA, Chakrovorty S. A measure 
of nutrition security using the National Health and Nu-
trition Examination Survey Dataset. JAMA Netw Open 
2025; 8: e2462130. 

21.	Yang Q, Dong R, Yan H, et al. Impaired sensitivity to thy-
roid hormone correlates to all-cause mortality in euthy-
roid individuals with chronic kidney disease. BMC Public 
Health 2024; 24: 2134. 

22.	Levey AS, Stevens LA, Schmid CH, et al. A new equation 
to estimate glomerular filtration rate. Ann Intern Med 
2009; 150: 604-12. 

23.	Sarıdaş A, Çetinkaya R. The prognostic value of the  
CALLY index in sepsis: a  composite biomarker reflect-
ing inflammation, nutrition, and immunity. Diagnostics 
2025; 15: 1026.

24.	Gracia-Iguacel C, González-Parra E, Barril-Cuadrado G,  
et al. Defining protein-energy wasting syndrome in 
chronic kidney disease: prevalence and clinical implica-
tions. Nefrologia 2014; 34: 507-19. 

25.	Carrero JJ, Stenvinkel P, Cuppari L, et al. Etiology of the 
protein-energy wasting syndrome in chronic kidney dis-
ease: a consensus statement from the International So-
ciety of Renal Nutrition and Metabolism (ISRNM). J Ren 
Nutr 2013; 23: 77-90. 

26.	Kalantar-Zadeh K, Ficociello LH, Bazzanella J, Mullon C,  
Anger MS. Slipping through the pores: hypoalbu-
minemia and albumin loss during hemodialysis. Int  
J Nephrol Renovasc Dis 2021; 14: 11-21. 

27.	Don BR, Kaysen G. Serum albumin: relationship to in-
flammation and nutrition. Semin Dial 2004; 17: 432-7. 

28.	Xiang FF, Zhu JM, Cao XS, et al. Lymphocyte depletion 
and subset alteration correlate to renal function in 
chronic kidney disease patients. Ren Fail 2016; 38: 7-14. 

29.	Kato S, Chmielewski M, Honda H, et al. Aspects of im-
mune dysfunction in end-stage renal disease. Clin J Am 
Soc Nephrol 2008; 3: 1526-33. 

30.	Girndt M, Sester M, Sester U, Kaul H, Köhler H. Molecu-
lar aspects of T- and B-cell function in uremia. Kidney Int 
Suppl 2001; 78: S206-11. 

31.	Hendrikx TK, van Gurp EA, Mol WM, et al. End-stage 
renal failure and regulatory activities of CD4+CD-
25bright+FoxP3+ T-cells. Nephrol Dial Transplant 2009; 
24: 1969-78. 

32.	Stenvinkel P, Ketteler M, Johnson RJ, et al. IL-10, IL-6, and 
TNF-alpha: central factors in the altered cytokine net-
work of uremia--the good, the bad, and the ugly. Kidney 
Int 2005; 67: 1216-33. 

33.	Li ZI, Chung AC, Zhou L, et al. C-reactive protein pro-
motes acute renal inflammation and fibrosis in unilat-
eral ureteral obstructive nephropathy in mice. Lab Invest 
2011; 91: 837-51. 

34.	He P, Zhang J, Tian N, et al. The relationship between C-re-
active protein to lymphocyte ratio and the prevalence of 
chronic kidney disease in US adults: a  cross-sectional 
study. Front Endocrinol 2024; 15: 1469750. 

35.	Yeo ES, Hwang JY, Park JE, Choi YJ, Huh KB, Kim WY. Tu-
mor necrosis factor (TNF-alpha) and C-reactive protein 
(CRP) are positively associated with the risk of chronic 
kidney disease in patients with type 2 diabetes. Yonsei 
Med J 2010; 51: 519-25. 

36.	Gao J, Wang A, Li X, et al. The cumulative exposure to 
high-sensitivity c-reactive protein predicts the risk of 
chronic kidney diseases. Kidney Blood Press Res 2020; 
45: 84-94. 

37.	Hales CM, Fryar CD, Carroll MD, Freedman DS, Ogden CL. 
Trends in obesity and severe obesity prevalence in US 
youth and adults by sex and age, 2007-2008 to 2015-
2016. JAMA 2018; 319: 1723-5. 

38.	Flegal KM, Kruszon-Moran D, Carroll MD, Fryar CD, Og-
den CL. Trends in obesity among adults in the United 
States, 2005 to 2014. JAMA 2016; 315: 2284-91. 


	OLE_LINK28
	OLE_LINK96
	OLE_LINK39
	OLE_LINK41
	OLE_LINK49
	OLE_LINK52
	OLE_LINK947
	OLE_LINK948
	OLE_LINK31
	OLE_LINK38
	OLE_LINK35
	OLE_LINK2
	OLE_LINK25
	OLE_LINK26
	OLE_LINK16
	OLE_LINK36
	OLE_LINK6
	OLE_LINK5
	OLE_LINK3
	OLE_LINK7
	OLE_LINK8
	OLE_LINK4
	OLE_LINK78
	OLE_LINK966
	OLE_LINK967
	OLE_LINK968
	OLE_LINK973
	OLE_LINK974
	OLE_LINK971
	OLE_LINK972
	OLE_LINK56
	OLE_LINK45
	OLE_LINK44
	OLE_LINK50
	OLE_LINK42
	OLE_LINK176
	OLE_LINK10
	OLE_LINK80
	OLE_LINK79
	OLE_LINK51
	OLE_LINK103
	OLE_LINK104
	OLE_LINK13
	OLE_LINK14
	OLE_LINK23
	OLE_LINK113
	OLE_LINK114
	OLE_LINK86
	OLE_LINK59
	OLE_LINK24
	OLE_LINK30
	OLE_LINK449
	OLE_LINK450
	OLE_LINK467
	OLE_LINK62
	OLE_LINK63
	OLE_LINK64
	OLE_LINK1
	OLE_LINK37
	OLE_LINK65
	OLE_LINK182
	OLE_LINK183
	OLE_LINK46
	OLE_LINK22
	OLE_LINK9
	OLE_LINK11
	OLE_LINK12
	OLE_LINK18
	OLE_LINK19
	OLE_LINK20
	OLE_LINK17
	OLE_LINK15
	OLE_LINK21
	OLE_LINK57
	OLE_LINK198
	OLE_LINK199
	OLE_LINK307
	OLE_LINK40
	OLE_LINK588
	OLE_LINK589
	OLE_LINK590
	OLE_LINK291
	OLE_LINK306
	OLE_LINK76

