
Han et al. BMC Cardiovascular Disorders          (2025) 25:144  
https://doi.org/10.1186/s12872-025-04596-w

RESEARCH Open Access

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if 
you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or 
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

BMC Cardiovascular Disorders

Associations of the C-reactive 
protein-albumin-lymphocyte index 
with all-cause and cardiovascular mortality 
among individuals with cardiovascular disease: 
evidence from the NHANES 2001–2010
Dunzheng Han1†, Lanlan Wu1†, Haobin Zhou1, Yuting Xue1, Shangfei He1, Zhuang Ma1, Shuwen Su1, Peixin Li1, 
Shenrong Liu1 and Zheng Huang1* 

Abstract 

Background Evidence regarding the C-reactive protein‒albumin‒lymphocyte (CALLY) index and mortality risk 
in individuals with cardiovascular disease (CVD) is scarce. This study investigated the relationships of the CALLY index 
with all-cause and cardiovascular mortality risk in CVD patients among American adults.

Methods This study enrolled 2183 CVD individuals from five NHANES cycles (2001–2010), and mortality outcomes 
were determined by linking the data to National Death Index (NDI) records up to December 31, 2019. Weighted 
multivariate Cox regression models and subgroup analyses were performed to assess the associations of the CALLY 
index with all-cause and cardiovascular mortality. A restricted cubic spline (RCS) was used to visualize the association 
of the CALLY index with mortality risk.

Results During a median follow-up of 122 months (interquartile range, 71–157 months), 1208 (weighted percent-
age, 49.62%) of the 2183 CVD individuals died, including 398 (weighted percentage, 24.85%) with cardiovascular 
deaths and 810 (weighted percentage, 75.15%) with noncardiovascular deaths. Cox regression revealed an inverse 
correlation between the CALLY index and the risk of all-cause and cardiovascular mortality after adjusting for covari-
ates. Compared with individuals with a lower CALLY index, those with a higher CALLY index had a significantly lower 
risk of both all-cause (HR 0.58, 95% CI: 0.48, 0.71, p < 0.001) and cardiovascular mortality (HR 0.54, 95% CI: 0.38, 0.76, 
p < 0.001). The RCS regression analysis revealed a nonlinear association between the CALLY index and all-cause 
and cardiovascular mortality (p < 0.05 for nonlinearity) in CVD patients. The associations were consistent in the sub-
group analyses regardless of age, sex, income, education level, race, smoking status, diabetes, and hypertension (all p 
values for interactions > 0.05).

Conclusion An increased CALLY index is independently associated with decreased all-cause and cardiovascular 
mortality in CVD patients.
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Introduction
With the rapid aging process, the incidence of cardiovas-
cular disease (CVD) is increasing worldwide. Annually, 
an estimated 18 million people succumb to cardiovascu-
lar diseases, with one in four Americans affected by them 
[1]. The high incidence of CVD is emerging as a critical 
public health concern [2]. Therefore, identifying more 
risk factors in a timely manner is important for prevent-
ing, delaying, or reducing the progression of cardiovascu-
lar disease and related deaths.

Despite the advancement of knowledge regarding the 
etiology of CVD, the identification of additional risk 
factors remains a crucial step in the development of 
effective prevention and management strategies. In the 
pathophysiological cascade of CVD, it is believed that 
inflammation, nutritional status, and immune function 
aberrations exert pivotal influences. Persistent inflamma-
tion has been implicated in the genesis of atherosclerosis 
and cardiovascular events. CRP is an important bio-
marker for predicting cardiovascular risk. Another study 
suggested that elevated CRP levels at baseline are signifi-
cantly associated with increased risks of major adverse 
cardiovascular events (MACEs), including myocardial 
infarction, stroke, cardiovascular death, and hospitali-
zation for unstable angina or heart failure, in patients 
with stable CAD [3]. In addition to inflammation, the 
nutritional status of the body is also an important factor 
that influences the prognosis of individuals with CVD. 
Adverse dietary habits and nutritional deficits may pre-
cipitate metabolic dysregulation, thereby increasing sus-
ceptibility to cardiovascular disease. Albumin has been 
used as a biochemical indicator of nutritional status [4]. 
Furthermore, the level of albumin is also influenced by 
inflammation [5]. Many scholars have demonstrated that 
low albumin level is an independent risk factor for car-
diovascular diseases [6, 7]. Multiple studies of cardiovas-
cular diseases have revealed that cardiovascular diseases 
are strongly connected to the immune response and that 
lymphocytes are a prognostic marker for cardiovascu-
lar disease [8, 9]. Dysregulated activation of immune 
cells and subsequent release of inflammatory media-
tors may precipitate myocardial injury and vascular 
inflammation, thereby exacerbating the severity of car-
diovascular pathology. Given the interconnected roles of 
inflammation, malnutrition, and immune dysfunction in 
the progression of CVD, relying solely on individual bio-
markers may oversimplify the assessment of disease risk. 
To address this limitation, composite indices integrating 
multiple parameters have been introduced. The CALLY 
index [10], developed by Hiroya Iida et al., is a parameter 
that combines CRP, albumin, and lymphocytes, offering 
a more comprehensive assessment of systemic inflamma-
tion, nutritional status, and immune competence. Unlike 

conventional single-marker approaches, CALLY index 
reflects the cumulative impact of these interrelated pro-
cesses—key drivers of cardiovascular disease progres-
sion. Emerging evidence suggests that composite indices 
like CALLY index may outperform individual biomarkers 
in predicting mortality. For instance, in cancer patients, a 
low CALLY index correlates with advanced disease stages 
and poor survival [11–19]. Additionally, CALLY index 
has shown a significant negative linear relationship with 
all-cause mortality and CVD mortality in elderly patients 
[20] and those with COPD [21]. Recent studies have 
also identified a significant negative correlation between 
the CALLY index and the risk of cardiorenal syndrome 
[22], sarcopenia [23], and metabolic syndrome risk [24], 
highlighting its potential value in cardiovascular risk 
stratification.

The relationship between the CALLY index and mor-
tality risk in individuals with CVD has not been clearly 
demonstrated. To address this research gap, we con-
ducted a study to investigate the relationships between 
the CALLY index and all-cause and cardiovascular mor-
tality risk in a large, nationally representative sample of 
CVD individuals.

Methods
Study population and design
The study population and design utilize data from the 
National Health and Nutrition Examination Survey 
(NHANES), a cross-sectional survey conducted by the 
National Center for Health Statistics (NCHS). Each 
NHANES cycle features a new, nationally representative 
cohort, with all participants providing written informed 
consent in compliance with the Institutional Review 
Board requirements of the Centers for Disease Control 
and Prevention (CDC). For detailed information on the 
NHANES study design and data collection methods, 
please refer to the CDC website (https:// www. cdc. gov/ 
nchs/ nhanes/) [25].

The data for this research were taken from seven cycles 
of the NHANES (2001–2010), with a total of 2183 indi-
viduals (Fig.  1). We enrolled eligible individuals with 
CVD aged ≥ 20  years. Individuals without complete 
information or who were pregnant or had cancer were 
excluded.

Definition of cardiovascular disease
The definition of cardiovascular disease in the NHANES 
is based on data collected from individual interviews. A 
positive response to questions regarding congestive heart 
failure, coronary heart disease, angina, heart attack, or 
stroke indicates the presence of CVD [25].

https://www.cdc.gov/nchs/nhanes/
https://www.cdc.gov/nchs/nhanes/
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Assessment of the CALLY index
The CALLY index was calculated using the formula 
[11]:

For additional details on the laboratory procedures, 
refer to the CDC website [26]. Participants were 
divided into four quartile groups (Q1, Q2, Q3, Q4) 
based on their CALLY index values, with Q1 serving as 
the reference group.

Mortality outcomes of the study population
Mortality outcomes for the study population were 
sourced from the NDI database maintained by the 
CDC. Each participant was followed from their 
NHANES participation date until either the date of 
death or December 31, 2019. Cardiovascular deaths 
were identified according to the International Statisti-
cal Classification of Diseases [27].

CALLY index =

Albumin (g/L) ∗ Lymphocytes (109/L)

CRP (mg/L)× 10

Assessment of covariates
Demographic and health-related information, includ-
ing age, sex, race, education level, poverty income ratio, 
smoking status, medication use, and disease status, was 
obtained from NHANES interviews and laboratory date. 
Race was classified as non-Hispanic Black, non-Hispanic 
White, Mexican American, other Hispanic, and other 
races. Education level was divided into three categories: 
less than high school, high school or equivalent, and col-
lege or higher. The poverty income ratio was categorized 
into three groups: 0–1.0, 1.0–3.0, and greater than 3.0. 
Smoking status was categorized as never smoker, for-
mer smoker, or current smoker [28]. Body mass index 
(BMI) was calculated by dividing weight in kilograms 
by height in meters squared and was classified as ≤ 25 
or > 25. Diabetes was identified by self-reported diag-
nosis, use of diabetes medication or insulin, fasting 
plasma glucose ≥ 7.0  mmol/L, or HbA1c ≥ 6.5% [25]. 
Hypertension was defined by self-reported history, use 
of antihypertensive medication, or by an average sys-
tolic blood pressure ≥ 130 mmHg and/or diastolic blood 

Fig. 1  Flow chart of inclusion and exclusion of individuals in the current study
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pressure ≥ 80 mmHg [29]. We additionally calculated the 
proportion of participants who were taking antiplatelet 
agents (clopidogrel, aspirin, cilostazol, prasugrel, dipy-
ridamole) and lipid-lowering drugs.

Statistical analysis
Statistical analyses were performed using R version 4.2.1 
alongside Free Statistics software version 1.9. Follow-
ing the NHANES analytic and reporting guidelines [30], 
we applied sample weights, clustering, and stratification 
across all analyses to properly account for the survey’s 
complex design, which is essential for accurate interpre-
tation of NHANES data. Study participants were divided 
into four groups based on the quartiles (Q1–Q4) of the 
CALLY index. Continuous variables are expressed as 
means with standard deviations (SDs). Categorical vari-
ables are reported as frequencies and percentages. Base-
line characteristics across the CALLY index quartiles 
were compared using one-way ANOVA for continuous 
variables and the Pearson chi-square test for categorical 
variables. The relationships between the CALLY index 
and both all-cause and cardiovascular mortality in indi-
viduals with CVD were evaluated using survey-weighted 
Cox regression analysis. The crude model was unad-
justed; Model 1 was adjusted for age, race, and sex; and 
Model 2 included adjustments for sex, age, race, income, 
diabetes, uric acid, serum creatinine (SCR), smoking sta-
tus, and medication use. Survival probabilities were esti-
mated using the Kaplan–Meier method. RCS and smooth 
curve fitting were employed to visualize potential nonlin-
ear relationships between the log-transformed CALLY 
index and both all-cause and cardiovascular mortal-
ity in CVD patients. Stratified analyses were performed 
based on sex, age (≤ 60  years or > 60  years), BMI, race, 
education, income, smoking status, diabetes status, and 
hypertension. A p-value of less than 0.05 was considered 
statistically significant.

Results
Characteristics of the population
Table  1 shows the baseline characteristics of the indi-
viduals stratified by quartiles of the CALLY index. This 
study comprised a sample of 2,183 CVD individuals 
(the weighted population was 16,313,828). The average 
age of the individuals was 63.38(14.04) years, and 1250 
(53.74%) were men. With the increase in the CALLY 
index, a greater proportion of individuals were male 
and richer, never smoked, and had a higher BMI. Com-
pared with individuals in the lower quartile, individuals 
in the highest quartile presented significantly lower levels 
of cholesterol, SCR and uric acid. Compared with indi-
viduals in the Q1 group, those in the other three groups 
had a lower prevalence of diabetes and hypertension. 

The supplementary table results show that cardiovascu-
lar individuals with adverse outcomes have higher CRP 
levels and lower lymphocyte counts and albumin and 
CALLY index.

Associations of the CALLY index with all‑cause mortality
During a median follow-up of 122  months (interquar-
tile range, 71–157  months), 1208 (weighted percentage, 
49.62%) of the 2183 CVD individuals died, including 398 
(24.85%) with cardiovascular deaths and 810 (75.15%) 
with noncardiovascular deaths. Multiple regression anal-
ysis was conducted via a complex sampling design. As 
shown in Table 2, three Cox proportional hazard regres-
sion models revealed that the CALLY index was indepen-
dently associated with long-term all-cause mortality and 
cardiovascular mortality. This relationship was significant 
in the unadjusted crude model (P < 0.001). After adjusting 
for sex, age, race, income, diabetes status, uric acid sta-
tus, SCR, smoking status, and medication use in Model 
2, the CALLY index remained negatively associated with 
all-cause mortality (P < 0.001). In the sensitivity analysis, 
the multivariate-adjusted HRs and 95% CIs from the low-
est quartile to the highest quartile were 1.00 (reference), 
0.60 (0.50, 0.74), 0.66 (0.55, 0.80), and 0.58 (0.48, 0.71). In 
weighted restrictive cubic spline regression, a significant 
nonlinear relationship between the CALLY index and all-
cause mortality was observed after adjustment for covari-
ates from Model 2 (P < 0.001) (Fig.  2A). The weighted 
Kaplan‒Meier survival rates for all-cause mortality dif-
fered between the high- and low-CALLY index groups 
(p < 0.001), and the survival rate was lower in the low-
CALLY group (Fig.  3A). All-cause mortality decreased 
with increasing CALLY index.

Associations of CALLY with cardiovascular mortality
A total of 1373 individuals were included to calculate 
the associations of the CALLY index with cardiovascu-
lar mortality, with the exception of 810 noncardiovas-
cular deaths. Weighted multivariable Cox regression 
analyses also confirmed the association of the CALLY 
index with cardiovascular mortality (Table 2). This rela-
tionship was significant in the unadjusted crude model 
(P < 0.001). In Model 2, the CALLY index remained nega-
tively associated with all-cause mortality (P = 0.002). The 
multivariate-adjusted HRs and 95% CIs from the lowest 
to highest CALLY index quartile were 1.00 (reference), 
0.59 (0.40, 0.88), 0.64 (0.44, 0.91), and 0.54 (0.38, 0.76) 
and we observed that the CALLY index was nonlinearly 
correlated with cardiovascular mortality (Fig.  2B). The 
weighted Kaplan‒Meier survival plots indicated that car-
diovascular mortality was greater in individuals with a 
lower CALLY index than in those with a higher CALLY 
index (p < 0.001) (Fig. 3B).
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Subgroup analysis
Subgroup analysis was conducted to evaluate potential 
heterogeneity in the association between the CALLY 
index and the risk of all-cause mortality across differ-
ent subgroups. As shown in Figs.  4 and 5, the analyses 
revealed that the association between the CALLY index 
and both all-cause mortality and cardiovascular mor-
tality was consistent across various subgroups, includ-
ing age, sex, race, BMI, hypertension, diabetes, income, 
education, and smoking status. No significant inter-
action was found between the baseline CALLY index 
and the stratified variables (p interaction > 0.05). The 

predictive performance of the CALLY index, CRP, albu-
min, and lymphocytes in predicting all-cause mortality 
and cardiovascular mortality in CVD patients is pre-
sented in Supplementary Table S1, further exhibiting the 
CALLY index’s superior predictive power over individual 
biomarkers.

Discussion
Our study examines the association between the 
CALLY index and the risk of death in individuals with 
CVD via a publicly available database. On the basis of 
simple calculations of CRP, albumin, and lymphocytes, 

Table 1 Weighted baseline characteristics according to the CALLY index quartiles

Continuous variables were presented as the mean (standard deviation, SD). The P value was calculated using a weighted Student’s t-test or Mann–Whitney U test. 
Categorical variables were presented as a percentage (%). The P value was calculated using the weighted chi-square test

Abbreviations: Q Quartile, HDL-C High-density lipoprotein cholesterol, SCR Serum creatinine

Variable Total Q1 Q2 Q3 Q4 P value

Age (years) 63.38 (14.04) 63.48 (13.68) 63.20 (14.18) 64.83 (14.25) 62.10 (13.96) 0.134

Male, No. (%) 1250 (53.74) 283 (47.03) 290 (47.72) 320 (56.32) 357 (63.23) < 0.001

Race, No. (%) 0.029

 Mexican American 296 (4.58) 72 (4.84) 68 (4.11) 72 (4.28) 84 (5.09)

 Other Hispanic 439 (12.02) 134 (16.15) 117 (12.75) 100 (10.05) 88 (8.98)

 Non-Hispanic White 1264 (75.70) 300 (73.60) 319 (75.16) 331 (78.77) 314 (75.26)

 Non-Hispanic Black 105 (2.63) 27 (2.26) 23 (3.00) 26 (2.28) 29 (2.95)

 Other Race 79 (5.07) 13 (3.16) 18(4.98) 16 (4.18) 32 (7.73)

Poverty income ratio, No. (%) 0.007

 ≤ 1 479 (16.89) 149 (20.71) 126 (18.58) 103 (15.48) 101 (13.12)

 > 1, ≤ 3 1098 (46.80) 265 (45.48) 269.00 (46.61) 298 (52.20) 266 (43.16)

 > 3 606 (36.31) 132 (33.81) 150.00 (34.82) 144 (32.32) 180 (43.72)

Education levels, No. (%) 0.215

 Less than high school 875 (31.06) 228 (32.54) 213 (29.41) 220 (33.33) 214 (29.18)

 High school diploma 522 (26.58) 135 (27.45) 130 (28.09) 136 (27.99) 121 (23.03)

 More than high school 786 (42.36) 183 (40.02) 202 (42.50) 189 (38.68) 212 (47.79)

Hypertension, No. (%) 1791 (79.71) 449 (80.16) 472 (84.74) 433 (76.4) 437 (77.56) 0.043

Diabetes,No. (%) 780 (31.22) 230 (38.64) 209 (32.39) 173 (27.56) 168 (26.76) 0.004

Smoking status,No. (%) 0.431

 Never smoker 842 (38.16) 185 (34.35) 207 (38.29) 228 (40.17) 222 (39.62)

 Former smoker 902 (39.89) 234 (40.58) 223 (38.12) 221 (40.45) 224 (40.43)

 Current smoker 439 (21.96) 127 (25.08) 115 (23.58) 96 (19.38) 101 (19.95)

BMI (kg/m2), No. (%) < 0.001

 ≤ 25 483 (21.58) 101 (16.87) 81 (13.67) 118 (21.20) 183 (33.81)

 > 25 1700 (78.42) 445 (83.13) 464 (86.33) 427 (78.80) 364 (66.19)

Medication use

 Antihypertensives 1345 (58.16) 357 (62.72) 350 (59.31) 330 (57.31) 308 (53.47) 0.1114

 Lipid-lowering drugs 924 (42.92) 197 (37.60) 237 (43.23) 240 (45.01) 250 (45.52) 0.1911

 Antiplatelet drugs 441 (19.45) 100 (19.02) 101 (17.32) 123 (20.04) 117 (21.00) 0.5751

 Cholesterol(mmol/L) 191.00 (46.78) 193.79 (47.95) 192.33 (46.32) 194.87 (45.70) 183.60 (46.43) 0.0283

 HDL (mmol/L) 50.28 (15.57) 50.48 (16.98) 49.25 (14.91) 49.71 (14.29) 51.63 (15.93) 0.171

 Uric acid(umol/L) 355.86 (95.39) 374.29 (108.77) 355.92 (95.84) 354.10 (87.079) 340.68 (86.30) 0.0002

 SCR (umol/L) 96.46 (66.56) 108.23 (99.85) 95.87 (62.00) 93.10 (57.43) 89.44 (29.07) 0.0012
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we found an association between the CALLY index and 
mortality in individuals with CVD. A lower CALLY 
index was significantly associated with increased rates 
of both all-cause mortality and cardiovascular mortal-
ity. The CALLY index emerged as an independent pre-
dictor of survival, even after adjusting for common risk 
factors.

The majority of cardiovascular diseases start with an 
inflammatory process. Atherosclerosis serves as a funda-
mental mechanism in the development of CVD, wherein 
inflammation plays a pivotal role in both disease initia-
tion and progression [31, 32]. Inflammation exacerbates 
local and systemic inflammatory states by promoting 
endothelial cell injury, accelerating the infiltration of 

Fig. 2 Effect of log-CALLY index level on survival: hazard ratios from segmented Cox regression analysis. A All-cause mortality; B Cardiovascular 
mortality

Fig. 3 Kaplan-Meier curves for survival probability, with follow-up in years. A All-cause mortality; B Cardiovascular mortality
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leukocytes into the vascular wall, and compromising 
plaque stability, thereby increasing the risk of rupture. 
Furthermore, inflammation stimulates the release of 
cytokines and chemokines, contributing to the inflam-
matory cascade. Nutritional and immunological decline 
are among the most prevalent symptoms associated with 
inflammation [33]. As our understanding of the intricate 
pathological mechanisms underlying cardiovascular dis-
eases continues to deepen, comprehensive evaluations of 
inflammation, nutritional status, and immune function 
have emerged as crucial tools for optimizing individual 
outcomes and guiding therapeutic decisions.

Given the intricate pathophysiological characteris-
tics of CVD, relying solely on a single biomarker may be 
insufficient to fully capture the multidimensional health 
risks of patients. Recent studies have demonstrated that 
several indices, including the TyG, PLR, and NLR, which 
are calculated on the basis of blood cell count, can serve 
as indicators to predict complications and poor prog-
noses of cardiovascular diseases [34]. The CALLY index 
innovatively integrates multiple physiological parameters 
closely associated with cardiovascular health, providing a 
multidimensional indicator for health risk assessment. It 
has the potential to be a promising prognostic marker.

CRP, an acute-phase protein, is produced by the liver in 
response to inflammation or cardiovascular disease [35, 

36]. There is a well-established positive correlation between 
CRP and cardiovascular disease and all-cause mortality. 
Peripheral lymphocytes play a pivotal role in initiating and 
propagating the atherosclerotic process through the activa-
tion of B and T lymphocytes and participate in regulating 
immune responses at all stages of atherosclerosis. A low 
lymphocyte count often indicates compromised immune 
function. which are linked to both the incidence and mor-
tality of cardiovascular disease. Lymphocytes are capable 
of regulating the inflammatory response by reducing the 
release of inflammatory cytokines and inhibiting the acti-
vation of neutrophils and monocytes, thereby protecting 
the heart from damage [37]. Moreover, low serum albu-
minlevels are strongly negatively correlated with the risk of 
death from cardiovascular diseases [38–40]. Low albumin 
levels may reflect a systemic inflammatory response and 
a malnutritional state [41]. Several studies have indicated 
that serum albumin possesses both anti-inflammatory 
and immunomodulatory attributes [42]. Reduced albu-
min synthesis due to inflammation may compromise the 
immune system and suppress cellular immunity [43, 44]. 
Some studies have suggested that low albumin levels may 
lead to hyperviscosity and abnormal blood coagulation, 
which are involved in the regulation of glucose homeo-
stasis, lipid metabolism [45] and energy balance and are 
closely related to metabolic diseases such as diabetes [46] 

Table 2 Weighted Cox analysis model between CALLY index with all-cause and cardiovascular mortality among individuals with 
cardiovascular disease

Crude model: Non-adjusted

Model 1: Adjusted for age,race,and,gender

Model 2: Adjusted for gender, age, race, income, diabetes, uric acid, SCR, smoking status, antihypertensives, lipid-lowering drugs, and antiplatelet drugs

HR Hazard ratio, CL Confidence interval
a Linear trend tests were conducted by treating categorical variables as continuous parameters

Characteristic Crude model Model 1 Model 2

HRs(95%Cl) P‑value HRs(95%Cl) P‑value HRs(95%Cl) P‑value

All-cause mortality

 CALLY index
category

  Quartile 1 Ref Ref Ref

  Quartile 2 0.64 (0.51, 0.80) < 0.001 0.56 (0.45, 0.69) < 0.001 0.60 (0.50,0.74) < 0.001

  Quartile 3 0.74 (0.61, 0.90) 0.003 0.58 (0.48, 0.70) < 0.001 0.66 (0.55, 0.80) < 0.001

  Quartile 4 0.55 (0.43, 0.70) < 0.001 0.49 (0.40, 0.60) < 0.001 0.58 (0.48, 0.71) < 0.001

P for  trenda < 0.001 < 0.001 < 0.001

Cardiovascular mortality

 CALLY index
category

  Quartile 1 Ref Ref Ref

  Quartile 2 0.69 (0.48,0.98) 0.040 0.51 (0.35,0.75) < 0.001 0.59 (0.40, 0.88) 0.009

  Quartile 3 0.78 (0.56, 1.08) 0.134 0.55 (0.39,0.78) < 0.001 0.64 (0.44, 0.91) 0.014

  Quartile 4 0.49 (0.37, 0.66) < 0.001 0.43 (0.31,0.59) < 0.001 0.54 (0.38, 0.76) < 0.001

P for  trenda < 0.001 < 0.001 0.002
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Fig. 4  Subgroup analysis of the associations between the CALLY index and all-mortality
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Fig. 5  Subgroup analysis of the associations between the CALLY index and cardiovascular mortality
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and hypertension [47], which in turn affect the incidence 
and prognosis of cardiovascular disease. Moreover, the 
serum albumin level, CRP level and lymphocyte count are 
susceptible to a variety of physiological and pathological 
factors. The interaction between inflammation, nutrition 
and immunity creates a complex vicious cycle that can fur-
ther promote the progression of cardiovascular disease. By 
combining the CALLY index with representative indicators 
such as inflammation (CRP), nutrition (serum albumin) 
and immunity (lymphocyte), the prognostic value of these 
three indicators can be fully utilized, and the prognosis can 
be comprehensively predicted by utilizing their interaction. 
The CALLY index observed in CVD patients in this study 
can be explained by low lymphocyte values, low albumin 
values, and high CRP values, which are generally consistent 
with the results observed in our study. This may be related 
primarily to the inflammatory response. Further research 
could investigate the potential of the CALLY index in the 
early screening and diagnosis of CVD, as well as its use in 
treatment and follow-up.

The strengths of our study include the inclusion of a 
large sample size of individuals and a substantial follow-
up duration. Additionally, all individuals were sourced 
from the NHANES survey, which mitigates the risk of 
selection bias. However, there are noteworthy potential 
issues or limitations that should be mentioned. First, CRP 
levels, albumin levels, and lymphocyte counts were only 
assessed at baseline. Further assessments at more frequent 
intervals would allow for a more accurate evaluation of 
the association between the CALLY index and mortality 
risk. The CALLY index may also be influenced by other 
unknown factors. Future research should combine the 
CALLY index with other emerging biomarkers and clini-
cal parameters to increase its sensitivity and specific-
ity in predicting cardiovascular events. Moreover, as the 
findings are based on a sample size determined by the 
NHANES study conducted from 2001–2010, the results 
require validation in a larger and different population.

Conclusion
We revealed that an increased CALLY index is associated 
with a lower hazard of all-cause heart disease mortality 
among U.S. adults. Our findings indicate the importance 
of incorporating the CALLY index into routine clinical 
practice as a biomarker for predicting all-cause and car-
diovascular mortality.
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