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Abstract
Background  The CRP-Albumin-Lymphocyte (CALLY) index, a novel inflammatory biomarker combining serum 
albumin, lymphocyte count, and C-reactive protein (CRP), has been proposed for clinical use. This study aimed to 
investigate the association between CALLY index and Asthma-COPD Overlap (ACO) in the general US population.

Methods  We analyzed data from 6,797 participants aged ≥ 40 years from the 2015–2018 National Health and 
Nutrition Examination Survey (NHANES). Participants were categorized into quartiles based on natural logarithmic 
transformed (ln) CALLY index. ACO was defined as self-reported physician-diagnosed asthma and COPD. Logistic 
regression models were used to examine the association between ln CALLY and ACO, adjusting for potential 
confounders across three models. Generalized additive models, subgroup analyses, and receiver operating 
characteristic (ROC) curve analysis were also performed.

Results  The prevalence of ACO across the four CALLY quartiles was 5.56%, 1.89%, 1.54%, and 0.66%. In the fully 
adjusted model, for each 1-unit increase in ln CALLY, the risk of ACO decreased by 43% (OR = 0.57, 95% CI: 0.44–0.73, 
P = 0.001). Compared with Q1, the risk of ACO in Q2, Q3, and Q4 was reduced by 63% (OR = 0.37), 66% (OR = 0.34), 
and 87% (OR = 0.13), respectively (P for trend = 0.003). Generalized additive models showed a non-linear negative 
relationship (P < 0.001). Subgroup analysis revealed that the association remained consistent across different sexes, 
age groups, races, smoking status, and disease statuses (arthritis, DM, and hypertension). ROC curve analysis indicated 
moderate predictive ability of ln CALLY for ACO (AUC = 0.675, 95% CI: 0.636–0.714), with an optimal cutoff value of 
8.007 (sensitivity 0.669, specificity 0.598).

Conclusion  Higher CALLY index is independently associated with lower risk of ACO, suggesting its potential value 
as a biomarker for ACO risk assessment in clinical practice. By integrating inflammation, immune, and nutritional 
status evaluation, the CALLY index offers a novel perspective for early identification of high-risk individuals in clinical 
practice.
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Introduction
Asthma-COPD overlap (ACO) represents a distinct clini-
cal condition where features of both asthma and chronic 
obstructive pulmonary disease (COPD) coexist in the 
same patient. It is characterized by persistent airflow 
limitation with overlapping clinical features of both con-
ditions [1]. The exact definition and diagnostic criteria 
for ACO remain unclear and continue to be a topic of 
debate. In clinical practice, ACO is often recognized as 
an entity in patients with pre-existing asthma or COPD, 
rather than as a first-time primary diagnosis. Recent epi-
demiological studies have reported that the prevalence 
of ACO varies globally, ranging from 0.9 to 11.1% in the 
general population, 11.1–61.0% in patients with asthma, 
and 4.2–66.0% in those with COPD [2, 3]. Current litera-
ture indicates that, compared with individuals with either 
asthma or COPD alone, ACO patients exhibit a greater 
symptom burden, poorer quality of life, more frequent 
and severe respiratory exacerbations, and a more rapid 
decline in lung function over time [4–6]. These adverse 
outcomes significantly increase healthcare utilization and 
economic burden, underscoring the substantial public 
health impact of ACO [7].

ACO presents a complex pathophysiological profile 
involving inflammatory, immune, and nutritional com-
ponents. In terms of inflammation, ACO demonstrates 
concurrent features of both asthma and COPD, includ-
ing eosinophilic inflammation and basement membrane 
thickening characteristic of asthma, as well as epithelial 
changes and neutrophilic inflammation typical of COPD 
[8]. In addition, ACO is associated with both Th1 and 
Th2 lymphocyte immune responses, exhibiting a com-
plex inflammation-immune network and gene-environ-
ment interactions [9]. Moreover, malnutrition has been 
recognized as an important factor in respiratory diseases, 
leading to impaired lung function and an increased risk 
of age-related respiratory diseases such as asthma and 
COPD [10, 11]. Existing research on ACO has largely 
relied on individual biomarkers to capture specific 
aspects of its pathophysiology. For example, elevated 
serum total immunoglobulin E (IgE) levels, indicative of 
Th2-mediated allergic inflammation, have been associ-
ated with airway hyperresponsiveness in ACO patients 
[12]. Exhaled nitric oxide (FeNO), a non-invasive marker 
of eosinophilic airway inflammation, demonstrates diag-
nostic utility in distinguishing ACO from COPD [13, 
14]. Peripheral blood eosinophil counts, reflecting type 
2 immune activation, correlate with exacerbation fre-
quency and severity [15, 16], while circulating YKL-40, 
a chitinase-like protein linked to airway remodeling, 
serves as a prognostic indicator [17]. However, these 
biomarkers in isolation fail to address the multifacto-
rial nature of ACO, which involves systemic inflamma-
tion, immune dysregulation, and nutritional deficiencies. 

This limitation highlights the need for composite indi-
ces that integrate multiple biological pathways. Given 
the substantial disease burden and complex pathophysi-
ological mechanisms of ACO, developing comprehensive 
and reliable biomarkers for early identification and risk 
assessment has become a critical clinical need.

The CRP-Albumin-Lymphocyte (CALLY) index, a 
composite biomarker integrating lymphocyte count, 
serum albumin, and C-reactive protein (CRP) levels, was 
initially proposed by Lida et al. to evaluate the nutritional, 
immune, and inflammatory status of cancer patients [18]. 
As research progressed, the CALLY index has found 
broad applications in prognostic evaluation across vari-
ous cancer types and has been recognized as a clinically 
feasible biomarker [19–24]. The CALLY index captures 
three pathophysiological dimensions of ACO through 
its components. CRP, a systemic inflammatory marker, 
exhibits elevated levels that accelerate airway damage 
and correlate with reduced lung function, heightened 
airway inflammation, and increased COPD hospitaliza-
tion risks [25, 26]. Serum albumin, reflecting nutritional 
status and antioxidant capacity, independently associates 
with asthma severity (via impaired antioxidant defenses 
and vascular permeability) and predicts mortality in 
severe COPD, likely mediated by chronic inflammation 
and metabolic dysregulation [27, 28]. Lymphocytes, espe-
cially CD4 + T cell reduction, links to acute COPD exac-
erbations through immune dysregulation, while Th1/Th2 
imbalance (Th2-dominant in asthma vs. Th1-dominant 
in COPD) may synergistically aggravate airway inflam-
mation in ACO [29, 30]. Given the role of these three 
components in ACO pathophysiology, the CALLY index 
may offer a comprehensive assessment of ACO risk by 
simultaneously evaluating inflammatory status (CRP), 
nutritional state (albumin), and immune function (lym-
phocytes). However, studies investigating the relationship 
between the CALLY index and the risk of ACO remain 
limited. Therefore, we conducted this study analyzing 
data from the National Health and Nutrition Examina-
tion Survey (NHANES) to investigate the association 
between the CALLY index and ACO risk, aiming to pro-
vide new insights for the early prediction of ACO.

Methods
Participants and study design
We used data from the NHANES conducted by the 
National Center for Health Statistics (NCHS) of the 
Centers for Disease Control and Prevention (CDC). 
NHANES is a continuous cross-sectional survey of the 
US non-institutionalized civilian population, selected 
using a complex multistage sampling design to derive 
a representative sample of the US population. The 
NHANES research plan received ethical approval from 
the NCHS ethics review board. All participants provided 
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written informed consent prior to enrollment in the 
study. Detailed information on the study design and pro-
cedures is available in the NHANES documentation (​w​w​
w​.​c​d​c​.​g​o​v​/​n​c​h​s​/​n​h​a​n​e​s​/​i​n​d​e​x​.​h​t​m).

For this analysis, we combined data from two NHANES 
cycles (2015–2016 and 2017–2018) following NCHS 
recommendations, initially including 19,225 individu-
als. Since one well-accepted criterion in identifying both 
ACO and COPD was an age equal to or over 40 [31–33], 
we set the minimum age threshold at 40 years. The fol-
lowing exclusion criteria were applied: (1) age < 40 years 
(11,577 excluded, n = 7,648), (2) missing data on asthma 
or COPD (15 excluded, n = 7,633), (3) incomplete data on 
lymphocyte, albumin or C-reactive protein, which pre-
vented the calculation of the CALLY index (836 excluded, 
n = 6,797). After applying these exclusions, 6,797 partici-
pants remained for the final analysis. The study flowchart 
is presented in Fig. 1.

Assessment of CALLY index
The CALLY index was designed as an exposure variable 
in our study. It was calculated as follows: serum albumin 
level (g/dL) × absolute lymphocyte count (cells/µL) / CRP 
(mg/dL) × 104 [34]. Blood samples were collected from 
participants at mobile testing centers and subsequently 

sent to a central laboratory for measurement of lympho-
cyte, albumin, and CRP levels, in accordance with stan-
dardized protocols. Serum albumin concentrations were 
measured using the Roche Cobas 6000 analyzer with a 
bromocresol purple reagent. Lymphocyte counts were 
determined using the Beckman Coulter® counting and 
quantification method. Serum CRP levels were measured 
using latex-enhanced nephelometry on Beckman Coulter 
Synchron analyzers (NHANES 2015–2018).

Given that the distribution of the CALLY index was 
skewed, a natural logarithmic transformation (ln) was 
applied to normalize the data for statistical analy-
sis. According to ln CALLY index quartiles, all par-
ticipants were divided into four groups: Q1 (ln CALLY 
index < 7.47, n = 1,697), Q2 (7.47 < ln CALLY index < 8.29, 
n = 1,697), Q3 (8.29 < ln CALLY index < 9.10, n = 1,702), 
and Q4 (ln CALLY index > 9.10, n = 1,701).

Assessment of ACO
ACO, defined by the co-existence of both asthma and 
COPD, was designed as an outcome variable in our study. 
Same as in previous studies, the assessment of ACO 
was based on standardized questionnaire interviews 
conducted by trained health professionals in NHANES 
[35]. A diagnosis of ACO was made based on two key 

Fig. 1  Flow diagram of the patient selection process
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questions: “Has a doctor or other health professional 
ever told you that you have asthma?” and “Has a doctor 
or other health professional ever told you that you have 
COPD?” Participants who answered affirmatively to both 
questions were classified as having ACO.

Data collection
The following participant information was collected: 
Demographic data included age, sex, race, and poverty 
income ratio (PIR). Life Signs comprised body mass 
index (BMI), systolic blood pressure (SBP), diastolic 
blood pressure (DBP), and pulse rate. Laboratory param-
eters were obtained from blood samples and consisted 
of complete blood count parameters (white blood cell 
[WBC], lymphocyte, monocyte, neutrophils, eosino-
phils, red blood cells [RBC], hemoglobin, mean corpus-
cular volume [MCV], red cell distribution width [RDW], 
and platelets), inflammatory markers (C-reactive protein 
[CRP]), liver function tests (albumin, alanine aminotrans-
ferase [ALT], aspartate aminotransferase [AST], alkaline 
phosphatase [ALP]), renal function marker (blood urea 
nitrogen [BUN]), metabolic indicators (glucose, sodium, 
potassium, phosphorus, calcium), and lipid profile (high-
density lipoprotein [HDL], triglycerides [TG], low-den-
sity lipoprotein [LDL], total cholesterol [TC]). Additional 
measurements included serum cotinine levels. Ques-
tionnaire data encompassed smoking status and medical 
history, including coronary heart disease (CHD), can-
cer, stroke, arthritis, diabetes mellitus (DM), hyperten-
sion, asthma, and chronic obstructive pulmonary disease 
(COPD). All detailed measurement procedures for these 
variables were conducted according to standardized 
NHANES protocols, which are publicly available at www.
cdc.gov/nchs/nhanes/.

Statistical analysis
Analyses were performed following the NHANES statis-
tical analysis guidelines (​h​t​t​p​​s​:​/​​/​w​w​w​​n​.​​c​d​c​​.​g​o​​v​/​n​c​​h​s​​/​n​h​​a​
n​e​​s​/​a​n​​a​l​​y​t​i​c​g​u​i​d​e​l​i​n​e​s​.​a​s​p​x). Continuous variables were 
expressed as mean (95% confidence intervals [95%CI]) 
for normally distributed data and as median (Q1-Q3) 
for non-normally distributed data. Categorical variables 
were presented as count (frequency). The frequency, 
mean (95%CI), and median (1st Quartile-3st Quar-
tile) values were weighted. Weighted one-way ANOVA 
or Kruskal-Wallis rank-sum test (for continuous vari-
ables) and the Rao-Scott chi-square test (for categorical 
variables) were used to assess differences across groups 
of quartile-transformed ln CALLY index. The associa-
tion between ln CALLY ((both as a categorical and con-
tinuous variable) and ACO was evaluated using logistic 
regression models. Three models were constructed: 
Model 1 was unadjusted; Model 2 was adjusted for demo-
graphic characteristics (sex, age, and race); and Model 3 

was further adjusted for PIR, cotinine, DBP, pulse, mono-
cyte, eosinophils, RBC, LDL, smoking, CHD, arthri-
tis, DM, and hypertension. The covariates included in 
Model 3 were selected based on clinical experience and 
stepwise regression, with only those variables showing a 
significance level of p < 0.05 being retained. Additionally, 
variables whose inclusion in the basic model or exclusion 
from the full model resulted in a change of ≤ 10% in the 
regression coefficient of the CALLY index were excluded 
to ensure the robustness of the final model. Results were 
presented as odds ratios (ORs) with 95%CI. To explore 
potential non-linear relationships, we applied general-
ized additive models (GAM) and generated smoothed 
curve fittings. The GAM was constructed using thin plate 
regression splines with a smoothing parameter (k = 10) 
selected via restricted maximum likelihood (REML) 
method. Three models were developed: (1) an unadjusted 
model, (2) a model adjusted for covariates consistent with 
Model 3, and (3) a fully adjusted model that additionally 
incorporated NHANES survey weights. Sensitivity analy-
ses with varying smoothing parameters were conducted 
to assess the robustness of the results. Subgroup analy-
ses were conducted to assess the consistency of associa-
tions across different subgroups including sex, age (≤ 60, 
> 60 years), race (Mexican American, Other Hispanic, 
Non-Hispanic White, Non-Hispanic Black, Other Race-
Including Multi-Racial), smoking status (yes/no), arthri-
tis (yes/no), DM (yes/no), and hypertension (yes/no). The 
same covariates as Model 3 were adjusted in all subgroup 
analyses. The predictive performance of ln CALLY for 
ACO was evaluated using receiver operating characteris-
tic (ROC) curve analysis, with the area under the curve 
(AUC) calculated.

To assess the robustness of our findings, we conducted 
several sensitivity analyses: (1) additional adjustment for 
BMI; (2) multiple imputation to address missing data in 
covariates; and (3) exclusion of participants with lung 
diseases. For the multiple imputation, we used predic-
tive mean matching with 5 imputations and 50 maximum 
iterations, properly accounting for NHANES complex 
survey design. The results of all sensitivity analyses were 
consistent with our primary findings, confirming the sta-
bility of the observed associations (see Supplementary 
Table 1).

Statistical significance was defined as a two-tailed 
p-value of less than 0.05. All statistical analyses were per-
formed using the R software environment (Version 4.3.2; 
The R Foundation; available at http://www.R-project.org).

Results
Baseline characteristics of the participants
The baseline characteristics are shown in Table  1. A 
total of 6,797 participants were included in this study 
and categorized into Q1 (ln CALLY index 6.91 [6.42, 

http://www.cdc.gov/nchs/nhanes/
http://www.cdc.gov/nchs/nhanes/
https://wwwn.cdc.gov/nchs/nhanes/analyticguidelines.aspx
https://wwwn.cdc.gov/nchs/nhanes/analyticguidelines.aspx
http://www.R-project.org
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1 2 3 4 P-value
CALLY 1004.55 

(616.00,1341.67)
2643.75 
(2147.83,3262.98)

5906.25 
(4779.87,7228.92)

15050.00 
(11328.95,22500.00)

< 0.001

ln CALLY 6.91 (6.42, 7.20) 7.88 (7.67, 8.09) 8.68 (8.47, 8.89) 9.62 (9.34, 10.02) < 0.001
Age, Mean(95%CI) 59.00 (49.00, 67.00) 58.00 (49.00, 68.00) 58.00 (49.00, 68.00) 56.00 (48.00, 66.00) 0.059
Sex, %(95%CI) < 0.001
  Male 40.06 (36.46, 43.77) 45.88 (42.64, 49.15) 51.50 (48.03, 54.96) 50.86 (47.10, 54.61)
  Female 59.94 (56.23, 63.54) 54.12 (50.85, 57.36) 48.50 (45.04, 51.97) 49.14 (45.39, 52.90)
Race, %(95%CI) < 0.001
  Mexican American 7.18 (5.00, 10.21) 7.51 (5.04, 11.04) 7.47 (5.23, 10.56) 5.96 (4.24, 8.30)
  Other Hispanic 6.95 (5.15, 9.30) 6.10 (4.41, 8.39) 6.10 (4.47, 8.27) 4.04 (2.67, 6.07)
  Non-Hispanic White 64.99 (59.03, 70.51) 68.40 (62.74, 73.56) 67.69 (61.79, 73.07) 68.41 (63.03, 73.35)
  Non-Hispanic Black 14.49 (10.58, 19.52) 9.54 (7.27, 12.43) 8.98 (6.71, 11.91) 8.47 (6.38, 11.17)
  Other Race-Including Multi-Racial 6.39 (4.98, 8.17) 8.45 (6.32, 11.21) 9.76 (7.23, 13.06) 13.12 (10.91, 15.70)
PIR, Mean(95%CI) 2.90 (2.67, 3.12) 3.11 (2.97, 3.26) 3.37 (3.23, 3.51) 3.50 (3.33, 3.66) < 0.001
Cotinine, Median (Q1, Q3) 0.03 (0.01, 0.76) 0.02 (0.01, 0.34) 0.02 (0.01, 0.24) 0.02 (0.01, 0.70) 0.263
Smoking, %(95%CI) 16.45 (13.42, 20.01) 16.31 (14.23, 18.63) 14.56 (11.77, 17.87) 17.08 (13.95, 20.74) 0.610
Life Signs
BMI (kg/m2), Median (Q1, Q3) 32.50 (27.60, 38.50) 30.70 (26.90, 34.60) 28.40 (25.50, 31.50) 25.40 (22.80, 28.90) < 0.001
SBP (mmHg), Median (Q1, Q3) 128.00 (118.00, 

140.00)
126.00 (116.00, 
138.00)

124.00 (114.00, 
136.00)

122.00 (114.00, 
136.00)

0.004

DBP (mmHg), Median (Q1, Q3) 72.00 (64.00, 80.00) 72.00 (66.00, 80.00) 72.00 (64.00, 80.00) 72.00 (66.00, 78.00) 0.454
Pulse, Median (Q1, Q3) 72.00 (64.00, 80.00) 70.00 (64.00, 78.00) 68.00 (62.00, 76.00) 68.00 (62.00, 74.00) < 0.001
Laboratory
WBC (1000 cells/uL), Median (Q1, Q3) 7.30 (5.90, 8.70) 7.00 (5.90, 8.40) 6.60 (5.40, 8.00) 6.30 (5.30, 7.80) < 0.001
Lymphocyte (1000 cells/uL), Median (Q1, Q3) 1.80 (1.40, 2.20) 2.00 (1.60, 2.50) 2.00 (1.60, 2.40) 2.10 (1.60, 2.50) < 0.001
Monocyte (1000 cells/uL), Median (Q1, Q3) 0.60 (0.50, 0.70) 0.60 (0.50, 0.70) 0.50 (0.40, 0.70) 0.50 (0.40, 0.70) < 0.001
Neutrophils (1000 cells/uL), Median (Q1, Q3) 4.50 (3.50, 5.60) 4.20 (3.30, 5.20) 3.70 (2.90, 4.70) 3.50 (2.80, 4.40) < 0.001
Eosinophils (1000 cells/uL), Median (Q1, Q3) 0.20 (0.10, 0.30) 0.20 (0.10, 0.30) 0.20 (0.10, 0.30) 0.20 (0.10, 0.20) 0.022
RBC (million cells/uL), Median (Q1, Q3) 4.69 (4.36, 4.99) 4.73 (4.43, 5.01) 4.78 (4.46, 5.05) 4.72 (4.41, 5.04) < 0.001
Hemoglobin (g/dL), Median (Q1, Q3) 13.80 (12.90, 14.80) 14.20 (13.40, 15.20) 14.50 (13.50, 15.30) 14.30 (13.30, 15.30) < 0.001
MCV (fL), Median (Q1, Q3) 89.20 (85.10, 92.50) 89.80 (86.80, 92.60) 90.50 (87.40, 93.10) 91.00 (87.70, 93.70) < 0.001
RDW (%), Median (Q1, Q3) 13.90 (13.30, 14.70) 13.60 (13.20, 14.20) 13.40 (13.00, 13.90) 13.30 (12.90, 13.70) < 0.001
Platelet (1000 cells/uL), Median (Q1, Q3) 8.20 (7.70, 8.80) 8.20 (7.70, 8.80) 8.30 (7.70, 8.90) 8.10 (7.60, 8.80) 0.050
CRP (mg/L), Median (Q1, Q3) 7.79 (5.50, 12.10) 3.09 (2.31, 4.10) 1.40 (1.03, 1.83) 0.51 (0.39, 0.76) < 0.001
Albumin (g/dL), Mean(95%CI) 3.99 (3.96, 4.02) 4.13 (4.09, 4.17) 4.21 (4.18, 4.23) 4.31 (4.28, 4.34) < 0.001
ALT (U/L), Median (Q1, Q3) 19.00 (14.00, 28.00) 20.00 (15.00, 27.00) 20.00 (15.00, 28.00) 21.00 (16.00, 27.00) 0.844
AST (U/L), Median (Q1, Q3) 21.00 (17.00, 26.00) 22.00 (18.00, 26.00) 21.00 (18.00, 26.00) 22.00 (19.00, 27.00) 0.025
ALP (U/L), Median (Q1, Q3) 80.00 (66.00, 98.00) 73.00 (61.00, 87.00) 67.00 (55.00, 83.00) 65.00 (54.00, 78.00) < 0.001
BUN (mmol/L), Median (Q1, Q3) 15.00 (12.00, 18.00) 15.00 (12.00, 18.00) 15.00 (13.00, 19.00) 15.00 (12.00, 18.00) 0.428
Glucose (mmol/L), Median (Q1, Q3) 99.00 (91.00, 114.00) 97.00 (90.00, 109.00) 96.00 (90.00, 106.00) 94.00 (87.00, 102.00) < 0.001
Sodium (mmol/L), Mean(95%CI) 139.40 (138.91, 

139.89)
139.59 (139.11, 
140.08)

139.99 (139.48, 
140.50)

139.46 (139.04, 
139.87)

0.003

Potassium (mmol/L), Mean(95%CI) 4.06 (4.01, 4.10) 4.08 (4.03, 4.13) 4.07 (4.01, 4.13) 4.03 (3.99, 4.07) 0.172
Phosohorus (mmol/L), Median (Q1, Q3) 3.50 (3.20, 3.90) 3.60 (3.30, 3.90) 3.60 (3.20, 3.90) 3.60 (3.30, 4.00) 0.016
Ca (mmol/L), Median (Q1, Q3) 9.20 (9.00, 9.40) 9.30 (9.10, 9.50) 9.30 (9.10, 9.50) 9.30 (9.10, 9.60) < 0.001
HDL (mmol/L), Median (Q1, Q3) 1.29 (1.09, 1.58) 1.29 (1.06, 1.63) 1.34 (1.09, 1.71) 1.50 (1.24, 1.84) < 0.001
TG (mmol/L), Median (Q1, Q3) 1.17 (0.86, 1.74) 1.21 (0.85, 1.81) 1.09 (0.76, 1.59) 0.95 (0.64, 1.52) < 0.001
LDL (mmol/L), Median (Q1, Q3) 2.95 (2.35, 3.57) 2.95 (2.40, 3.60) 2.92 (2.28, 3.49) 2.92 (2.22, 3.54) 0.835
TC (mmol/L), Median (Q1, Q3) 4.97 (4.34, 5.64) 5.07 (4.45, 5.74) 4.99 (4.32, 5.66) 4.99 (4.32, 5.72) 0.164
CHD, %(95%CI) 7.25 (5.25, 9.94) 6.32 (4.36, 9.09) 5.27 (3.65, 7.56) 4.62 (3.27, 6.49) 0.186
Cancer, %(95%CI) 17.28 (14.68, 20.25) 14.34 (11.95, 17.11) 16.29 (13.43, 19.62) 13.03 (10.74, 15.73) 0.127
Stroke, %(95%CI) 5.60 (4.25, 7.34) 4.90 (3.51, 6.81) 4.34 (3.47, 5.43) 2.64 (1.73, 4.02) 0.009
Arthritis, %(95%CI) 46.91 (42.57, 51.29) 42.41 (38.12, 46.82) 38.48 (34.15, 43.01) 29.67 (25.89, 33.75) < 0.001
DM, %(95%CI) 23.20 (20.39, 26.27) 18.09 (15.30, 21.26) 13.51 (10.19, 17.70) 11.42 (9.34, 13.90) < 0.001

Table 1  Baseline characteristics of participants grouped by quartiles of ln CALLY
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7.20], n = 1,697), Q2 (ln CALLY index 7.88 [7.67, 
8.09], n = 1,697), Q3 (ln CALLY index 8.68 [8.47, 8.89], 
n = 1,702), and Q4 (ln CALLY index 9.62 [9.34, 10.02], 
n = 1,701), (P < 0.001). ACO occurred in 5.56%, 1.89%, 
1.54%, and 0.66% patients in the four groups, respectively 
(P < 0.001).

Demographic characteristics showed significant dif-
ferences between the groups, with higher ln CALLY 
quartiles being associated with a larger proportion of 
male participants, a higher percentage of Non-Hispanic 
White individuals, and a greater poverty income ratio 
(PIR) (all P < 0.001). Regarding vital signs, BMI, SBP, and 
pulse rate all significantly decreased as the ln CALLY 
index increased (all P < 0.05). Most laboratory parameters 
also exhibited notable differences across the quartiles 
(P < 0.05). With increasing ln CALLY levels, lymphocyte, 
RBC, hemoglobin, MCV, albumin, AST, sodium, phoso-
horus, calcium, HDL increased progressively. In contrast, 
WBC, monocyte, neutrophils, eosinophils, RDW, CRP, 
ALP, glucose, and TG decreased significantly. Regarding 
comorbidities, the prevalence of stroke, arthritis, diabe-
tes, hypertension, asthma, and COPD all decreased sig-
nificantly with higher ln CALLY levels (all P < 0.05). No 
significant differences were observed for other variables 
among the groups (all P > 0.05).

Relationship between ln CALLY index and ACO
The association between the ln CALLY index and ACO 
was evaluated using logistic regression analysis, as 
shown in Table  2. In the unadjusted model (Model 1), 

each unit increase in ln CALLY was associated with a 
47% lower risk of ACO (OR = 0.53, 95% CI: 0.46–0.61, 
P < 0.001). Compared to Q1, the risk of ACO decreased 
by 67% in Q2 (OR = 0.33, 95% CI: 0.22–0.49), 73% in Q3 
(OR = 0.27, 95% CI: 0.14–0.51), and 89% in Q4 (OR = 0.11, 
95% CI: 0.06–0.21) (all P < 0.001, P for trend < 0.001). 
After adjusting for demographic characteristics such as 
sex, age, and race (Model 2), this significant association 
remained, with a 48% lower risk for each unit increase in 
ln CALLY (OR = 0.52, 95% CI: 0.45–0.61, P < 0.001). The 
decreased risks in Q2 (OR = 0.31, 95% CI: 0.20–0.48), 
Q3 (OR = 0.26, 95% CI: 0.13–0.51), and Q4 (OR = 0.11, 
95% CI: 0.06–0.21) compared to Q1 were 69%, 74%, and 
89%, respectively (all P ≤ 0.001, P for trend < 0.001). In the 
fully adjusted model (Model 3), the protective associa-
tion remained significant, with a 43% lower risk for each 
unit increase in ln CALLY (OR = 0.57, 95% CI: 0.44–0.73, 
P = 0.001). The risks in Q2 (OR = 0.37, 95% CI: 0.19–0.73, 
P = 0.022), Q3 (OR = 0.34, 95% CI: 0.14–0.82, P = 0.044), 
and Q4 (OR = 0.13, 95% CI: 0.05–0.36, P = 0.005) were 
reduced by 63%, 66%, and 87%, respectively, compared to 
Q1 (P for trend = 0.003).

GAM and smoothed curve fitting for the association of ln 
CALLY and ACO
To explore the potential non-linear relationship between 
ln CALLY and ACO, we conducted GAM and smoothed 
curve fitting (Fig. 2). In the unadjusted model (Fig. 2A), 
a non-linear inverse association was observed, with 
the curve showing a steeper decline at lower ln CALLY 

Table 2  Associations of ln CALLY with ACO in logistic analysis model
Outcome: ACO Model 1 Model 2 Model 3

OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value
ln CALLY 0.53 (0.46, 0.61) < 0.001 0.52 (0.45, 0.61) < 0.001 0.57 (0.44, 0.73) 0.001
ln CALLY quartiles
  Q1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
  Q2 0.33 (0.22, 0.49) < 0.001 0.31 (0.20, 0.48) < 0.001 0.37 (0.19, 0.73) 0.022
  Q3 0.27 (0.14, 0.51) < 0.001 0.26 (0.13, 0.51) < 0.001 0.34 (0.14, 0.82) 0.044
  Q4 0.11 (0.06, 0.21) < 0.001 0.11 (0.06, 0.21) < 0.001 0.13 (0.05, 0.36) 0.005
P for trend < 0.001 < 0.001 0.003
Model1 adjust for: None

Model 2 adjust for: sex, age, race

Model 3 adjust for: sex, age, race, PIR, cotinine, DBP, Pulse, monocyte, eosinophils, RBC, LDL, smoking, CHD, arthritis, DM, hypertension

1 2 3 4 P-value
Hypertension, %(95%CI) 53.43 (49.64, 57.18) 45.58 (40.90, 50.34) 41.36 (37.08, 45.77) 33.85 (29.69, 38.26) < 0.001
Asthma, %(95%CI) 21.74 (18.93, 24.85) 13.53 (11.32, 16.10) 10.82 (8.82, 13.20) 11.43 (9.57, 13.59) < 0.001
COPD, %(95%CI) 10.16 (7.96, 12.88) 5.47 (3.55, 8.34) 5.10 (3.70, 6.99) 3.28 (2.00, 5.33) < 0.001
ACO, %(95%CI) 5.56 (3.85, 7.96) 1.89 (1.24, 2.87) 1.54 (0.81, 2.89) 0.66 (0.32, 1.35) < 0.001
1st Quartile, Q₃: 3st Quartile; PIR, poverty impact ratio; BMI, body mass index; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; WBC, White Blood Cell; 
RBC, Red Blood Cell; MCV, Mean Corpuscular Volume; RDW, Red Cell Distribution Width; CRP, C-reactive Protein; ALT, Alanine Aminotransferase; AST, Aspartate 
Aminotransferase; ALP, Alkaline Phosphatase; BUN, Blood Urea Nitrogen; Ca, Calcium; HDL, High-Density Lipoprotein; TG, Triglyceride; LDL, Low-Density Lipoprotein; 
TC, Total Cholesterol; CHD, Coronary Heart Disease; DM, Diabetes; COPD, Chronic Obstructive Pulmonary Disease; ACO, Asthma–COPD overlap

Table 1  (continued) 
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levels and gradually flattening at higher levels (P < 0.001). 
After adjusting for potential confounders (Fig.  2B), this 
non-linear pattern persisted with improved model fit 
(P < 0.001). The weighted and adjusted model (Fig.  2C) 
further confirmed this relationship, with increased 
explanatory power (deviance explained = 12.19%), indi-
cating the robustness of this association when consider-
ing the complex survey design of NHANES.

Subgroup analysis for the association of ln CALLY and ACO
To evaluate the stability of the association between ln 
CALLY and ACO, we conducted extensive subgroup 
analyses (Table  3). After adjusting for potential con-
founders, we performed stratified analyses based on 
sex, age, race, smoking status, arthritis, DM, and hyper-
tension. The interaction tests were not statistically sig-
nificant (all P for interaction > 0.05), suggesting that the 
association between ln CALLY and ACO remained con-
sistent across these subgroups.

Predicted performance of the ln CALLY by ROC
The diagnostic performance of ln CALLY for ACO was 
assessed using ROC curve analysis (Fig. 3). The AUC was 
0.675 (95% CI: 0.636–0.714), indicating moderate dis-
criminative ability. At the optimal cutoff value of 8.007, ln 
CALLY exhibited a sensitivity of 0.669 and a specificity of 
0.598 for identifying ACO.

Discussion
After evaluating 6,797 participants from 2015 to 2016 
and 2017–2018 NHANES cycles, we demonstrated the 
CALLY index serves as an important predictor of ACO 
risk. Higher CALLY index levels were independently 
associated with a reduced risk of ACO in the general 
population, and this protective association remained 
consistent across various subgroups. Additionally, we 
observed a non-linear relationship between the CALLY 
index and ACO risk, with the protective effect being 
more pronounced at lower CALLY levels.

Previous studies have mainly focused on individual 
clinical or biological markers in ACO assessment. For 

Table 3  Subgroup analysis for the association of ln CALLY with 
ACO

(N) % 
(95%CI)

OR 
(95%CI)

P-value P-inter-
action

Sex 0.840
  Male (1220) 1.92 

(0.96,2.89)
0.58 (0.46, 
0.74)

0.002

  Female (1240) 2.89 
(1.77,4.02)

0.55 (0.37, 
0.84)

0.021

Age 0.164
  <=60 (1288) 1.82 

(0.67,2.98)
0.49 (0.32, 
0.74)

0.008

  > 60 (1172) 3.31 
(2.10,4.52)

0.67 (0.54, 
0.83)

0.006

Race 0.055
  Mexican 
American

(347) 0.53 
(-0.14,1.20)

0.96 (0.58, 
1.59)

0.875

  Other Hispanic (298) 1.80 
(0.32,3.28)

1.07 (0.49, 
2.34)

0.874

  Non-Hispanic 
White

(928) 2.93 
(1.73,4.14)

0.55 (0.42, 
0.72)

0.005

  Non-Hispanic 
Black

(499) 1.69 
(0.46,2.91)

0.69 (0.44, 
1.08)

0.158

  Other Race-In-
cluding Multi-Racial

(388) 1.02 
(-0.11,2.15)

0.25 (0.11, 
0.56)

0.015

Smoking 0.660
  Yes (2013) 1.72 

(1.09,2.34)
0.55 (0.40, 
0.75)

0.005

  No (447) 5.80 
(1.91,9.68)

0.61 (0.42, 
0.90)

0.034

Arthritis 0.108
  Yes (947) 4.21 

(2.68,5.74)
0.50 (0.35, 
0.72)

0.004

  No (1513) 1.27 
(0.56,1.99)

0.72 (0.59, 
0.89)

0.013

DM 0.662
  Yes (534) 4.05 

(1.83,6.27)
0.64 (0.38, 
1.05)

0.111

  No (1926) 2.14 
(1.20,3.08)

0.55 (0.40, 
0.76)

0.005

Hypertension 0.162
  Yes (1171) 3.82 

(2.36,5.29)
0.65 (0.50, 
0.84)

0.010

  No (1289) 1.39 
(0.62,2.16)

0.47 (0.33, 
0.69)

0.004

Fig. 2  Generalized addictive model for ln CALLY for predicting the incidence rate of ACO. A. No adjusts. B. Adjusted for: sex, age, race, PIR, cotinine, 
DBP, Pulse, monocyte, eosinophils, RBC, LDL, smoking, CHD, arthritis, DM, hypertension. C. Adjusted for the same covariates as in B with NHANES survey 
weights incorporated
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example, serum total IgE, FeNO, peripheral blood eosin-
ophil count, and circulating YKL-40 levels have been 
identified as important markers associated with immune 
responses in ACO patients [36, 37]. However, the het-
erogeneous nature of ACO and its complex pathogen-
esis limit the clinical utility of single biomarkers. Given 
these limitations, recent studies have shifted towards 
exploring composite indices, particularly those related 
to dietary factors. The Dietary Inflammatory Index (DII) 
[38] and Overall Balance Score (OBS) [39] have shown 
significant associations with ACO risk, highlighting the 

importance of multifactorial assessment in disease man-
agement While these dietary indices provide valuable 
insights, they may not fully capture the complex interac-
tions between systemic inflammation, nutritional status, 
and immune function that characterize ACO.

In this context, the CALLY index offers a more com-
prehensive approach by integrating three key compo-
nents: lymphocyte count (reflecting immune status), 
albumin (indicating nutritional state), and CRP (marking 
systemic inflammation). Originally developed by Lida et 
al. to evaluate cancer patients’ nutritional, immune, and 

Fig. 3  ROC of ln CALLY and ACO
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inflammatory status [18], the CALLY index has demon-
strated significant prognostic value across multiple can-
cer types, including hepatocellular carcinoma, breast 
cancer, esophageal cancer, gastric cancer, colorectal 
cancer, and oral cavity cancer [19, 21–23]. In oncology, 
it serves as an independent prognostic factor for over-
all survival and helps identify patients requiring more 
aggressive treatment. Our study extends the application 
of this validated composite marker from oncology to 
respiratory disease, providing a novel approach to assess 
the multiple pathophysiological processes underlying 
ACO.

CRP is a systemic inflammatory marker that has been 
shown to correlate with airway inflammation in various 
respiratory diseases. As an acute-phase protein, elevated 
CRP levels reflect systemic inflammation and may exac-
erbate airway remodeling by promoting neutrophil infil-
tration [40], protease-antiprotease imbalance [41], and 
oxidative stress [42]. In asthma, especially in steroid-
naive patients, elevated CRP levels are linked to increased 
airway wall thickness and eosinophilic inflammation [43]. 
Similarly, in COPD, fluctuations in CRP levels are linked 
to airway inflammatory markers and clinical outcomes 
during acute exacerbations [44]. Additionally, elevated 
CRP levels are negatively correlated with lung function 
parameters, such as forced expiratory volume (FEV1) and 
forced vital capacity (FVC), in patients with airway dis-
eases [45]. Therefore, CRP serves as a valuable indicator 
of both airway inflammation and overall health status.

Serum albumin is another important component of the 
CALLY index. Low albumin levels may exacerbate sys-
temic inflammation and oxidative stress in ACO patients, 
impair epithelial repair, and drive airway remodeling 
[30, 46]. Furthermore, albumin deficiency may disrupt 
energy metabolism, increase apoptosis of airway epithe-
lial cells, and compromise barrier function [47]. Studies 
have shown that serum albumin concentrations are sig-
nificantly lower in stable COPD patients compared to 
non-COPD controls, indicating a deficiency in systemic 
anti-inflammatory and antioxidant defense mechanisms 
[48]. Similarly, serum albumin levels are also significantly 
decreased in children with asthma compared to those 
without [49]. Hypoalbuminemia, as a marker of malnu-
trition, negatively affects lung function, exercise capacity, 
and overall quality of life, exacerbating symptom severity 
[50–52].

Lymphocytes, as a key component of the CALLY index, 
play a crucial role in the pathogenesis and immune regu-
lation of airway inflammation in ACO, particularly Th2 
cells and innate lymphoid cells type 2 (ILC2s), which are 
central to the immune response in ACO. ACO patients 
exhibit pronounced Th2 lymphocyte polarization, with 
significantly higher peripheral Th2 cell proportions 
compared to those with asthma or COPD alone [53]. 

Th2 lymphocytes produce cytokines such as IL-4 and 
IL-13, which are essential for inducing airway hyperre-
sponsiveness and inflammation. These cytokines exert 
direct effects on airway cells, leading to rapid alterations 
in airway function without the need for inflammatory 
cell recruitment [54]. ILC2s, involved in allergic airway 
inflammation, are activated by cytokines such as IL-33 
and contribute to the inflammatory process through lipid 
metabolism and cytokine production [55].

The integration of these three components in the 
CALLY index provides a comprehensive assessment of 
ACO pathophysiology by simultaneously capturing sys-
temic inflammation (CRP), nutritional and antioxidant 
status (albumin), and immune function (lymphocytes), 
offering a more complete picture than any single marker 
alone.

Our study found an inverse association between the 
CALLY index and ACO risk, with higher CALLY lev-
els linked to a significantly lower incidence of ACO. 
This suggests that the CALLY index could be a valuable 
tool for predicting ACO risk, helping clinicians bet-
ter identify individuals at higher risk. Additionally, the 
Generalized Additive Model (GAM) analysis revealed a 
non-linear relationship, showing that the decline in ACO 
risk became steeper at lower CALLY levels. This suggests 
that maintaining higher CALLY levels could be particu-
larly effective in preventing ACO, while targeting those 
with lower levels for early intervention may offer greater 
potential for reducing ACO incidence.

Epidemiological studies have established that ACO 
patients typically present distinct characteristics, includ-
ing a higher proportion of females, increased smoking 
prevalence [3], and a greater burden of comorbidities 
compared to those with either asthma or COPD alone 
[4]. Notably, our comprehensive subgroup analysis dem-
onstrated that the protective association between CALLY 
and ACO remained consistent across various demo-
graphic and clinical subgroups. This consistency across 
sex, age, race, smoking status, and common comorbidi-
ties (arthritis, diabetes, and hypertension) supports the 
CALLY index as a robust and universally applicable bio-
marker for ACO risk assessment. While our ROC analy-
sis showed moderate discriminative ability (AUC = 0.675), 
the identified optimal cutoff value of 8.007 provides a 
practical reference point for clinical risk stratification, 
potentially facilitating early identification of high-risk 
individuals and enabling timely preventive interventions. 
This suggests its potential utility as a preliminary screen-
ing tool for the initial evaluation of suspected ACO 
patients, particularly in primary care or resource-limited 
settings where more sophisticated testing may not be 
immediately available.

Several limitations of our study should be acknowl-
edged. First, the cross-sectional design limits causal 
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inference between the CALLY index and ACO risk, as 
temporal relationships and dynamic changes in CALLY 
levels during disease progression cannot be assessed. 
Second, potential selection bias may have occurred due 
to the exclusion of participants with missing data, which 
could affect the representativeness of our sample. Third, 
the moderate predictive ability of the CALLY index 
indicates its limitations as a standalone diagnostic tool, 
suggesting it should be interpreted cautiously and ide-
ally used in conjunction with other clinical assessments. 
Fourth, the ACO diagnosis relied on self-reported ques-
tionnaires without pulmonary function tests or other 
objective measurements, which may affect diagnostic 
accuracy. In addition, as the NHANES data only repre-
sent the US population, the generalizability of our find-
ings to other populations requires further validation. 
Finally, several directions for future research should be 
considered. Longitudinal studies are needed to assess 
the dynamic changes in CALLY index over time and its 
predictive value for ACO development and progression. 
Future research should incorporate objective pulmo-
nary function measurements to validate the association 
between CALLY and airway obstruction severity. Inter-
vention studies targeting the components of the CALLY 
index could provide insights into whether improving 
CALLY scores translates to better clinical outcomes. 
Additionally, evaluating the performance of CALLY index 
in diverse populations would enhance the generalizability 
and clinical applicability of this promising biomarker.

Conclusion
The CALLY index demonstrated a significant inverse 
association with ACO risk, with this relationship remain-
ing robust after adjusting for multiple confounders and 
across various subgroups. These findings suggest that the 
CALLY index may serve as a promising and accessible 
biomarker for ACO risk assessment in clinical practice, 
potentially facilitating early identification of high-risk 
individuals. Further validation in larger and more diverse 
populations is warranted to fully establish its clinical util-
ity across different healthcare settings.
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