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Background: The inflammatory burden index (IBI) is a comprehensive indicator that integrates multiple 
hematological parameters to reflect systemic inflammatory status, and has demonstrated good predictive 
ability in various diseases. However, systematic research on the application of IBI in asthma remains lacking. 
This study aims to evaluate the association between IBI and the prevalence of adult asthma as well as all-
cause mortality, while comparing IBI and other inflammatory indicators in predictive ability in the prevalence 
and mortality of adult asthma.
Methods: This study utilized data from the National Health and Nutrition Examination Survey (NHANES), 
a nationally representative cross-sectional survey based on the general population of the United States. 
Weighted logistic regression models were employed to examine the association between IBI and asthma 
prevalence, while weighted Cox proportional hazards models were used to analyze the relationship between 
IBI and all-cause mortality in asthma patients. Restricted cubic splines (RCS) were used to analyze the 
nonlinear relationships between IBI and asthma prevalence, as well as all-cause mortality. Receiver operating 
characteristic (ROC) curves were constructed to compare the predictive value of IBI with that of the 
systemic immune-inflammation index (SII), systemic inflammation response index (SIRI), neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and monocyte-to-lymphocyte ratio (MLR) for 
asthma prevalence and mortality outcomes. Additionally, stratified subgroup analyses and multiple sensitivity 
analyses were conducted to validate the robustness of the findings.
Results: This study included a total of 23,758 participants. After multivariate adjustment for confounders, 
higher IBI levels showed a significantly positive association with asthma risk [odds ratio (OR) =1.21, 95% 
confidence interval (CI): 1.04–1.41]. In survival analysis, during a median follow-up of 13.92 (13.67–14.17) 
years, 577 all-cause death events were recorded among asthma patients. Cox proportional hazards models 
revealed that compared with the low IBI group, the high IBI group had significantly increased all-cause 
mortality risk [hazard ratio (HR) =2.50, 95% CI: 1.79–3.50]. ROC analysis demonstrated that IBI achieved 
an area under the curve (AUC) of 0.541 (95% CI: 0.529–0.552) for asthma prevalence, showing superior 
predictive ability compared to other inflammatory markers (SII, SIRI, NLR, PLR, MLR) (P<0.05). Time-
dependent ROC curve analysis evaluating inflammatory markers’ predictive performance for all-cause 
mortality showed that IBI’s AUC was 0.701 in the 1-year follow-up interval, though its predictive efficacy 
gradually declined over time. Notably, for long-term follow-up times (16.17 years), IBI maintained better 
predictive ability for all-cause mortality than SII, NLR and PLR (P<0.01).
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Introduction

Asthma is one of the most common chronic airway diseases 
worldwide, characterized by variable airflow obstruction 
leading to dyspnea and wheezing (1). In 2019, the World 
Health Organization estimated that approximately  
260 million people worldwide were affected by this disease, 
resulting in 450,000 deaths that year (2,3). As a chronic 
inflammatory airway disease (CIAD), asthma not only 
significantly reduces patients’ quality of life but also imposes 
a substantial socioeconomic burden (4). Research indicates 
that early identification of inflammation-related biomarkers 
and intervention in modifiable risk factors (such as 
environmental exposure, obesity, etc.) can effectively delay 
disease progression and improve prognosis (5,6). Therefore, 

exploring novel inflammatory biomarkers holds significant 
importance for the prevention and management of asthma.

The core pathogenesis of asthma involves abnormal 
activation of various inflammatory cells and mediators 
(7,8). Th2 lymphocytes drive eosinophil recruitment and 
immunoglobulin E antibody secretion by B cells through 
the release of interleukin (IL)-4, IL-5, and IL-13 (7,9,10). 
Neutrophils play a dominant role in severe asthma and non-
Th2 phenotypes, exacerbating oxidative stress and airway 
remodeling by releasing myeloperoxidase and neutrophil 
extracellular traps (11-13). Chronic airway inflammation 
ultimately develops in asthma patients in response to long-
term influence of multiple cell types. 

The inflammatory burden index (IBI) is a novel 
composite inflammatory biomarker that incorporates 
C-reactive protein (CRP),  neutrophil  count,  and 
lymphocyte count (14,15). Studies have demonstrated that 
IBI can predict disease activity and mortality risk in patients 
with rheumatoid arthritis (16) and osteoarthritis (17). 
Furthermore, IBI has shown significant prognostic value 
in chronic inflammatory diseases such as cardiovascular 
diseases, diabetes, and cancer (14,18,19). However, no 
established relationship has been found between IBI 
and asthma. Although existing research has confirmed 
associations between composite inflammatory markers—
including the systemic immune-inflammation index 
(SII), systemic inflammation response index (SIRI), and 
neutrophil-to-lymphocyte ratio (NLR)—and mortality 
in asthma patients, these studies have not compared 
their predictive capabilities for asthma outcomes (20,21). 
Moreover, the predictive value of IBI in asthma and its 
comparative performance against other inflammatory 
biomarkers remain to be elucidated.

This study systematically evaluates the association 
between IBI and both asthma prevalence and all-cause 
mortality in adults, as well as comparing the predictive 
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efficacy of IBI with other commonly used inflammatory 
markers [SII,  SIRI, NLR, platelet-to-lymphocyte 
ratio (PLR), monocyte-to-lymphocyte ratio (MLR)] 
for asthma-related outcomes, based on representative 
population data from the National Health and Nutrition 
Examination Survey (NHANES) 1999–2010 cycles. 
This study aims to provide a more precise inflammatory 
assessment tool for asthma risk stratification, thereby 
advancing the implementation of personalized intervention 
and management strategies. We present this article in 
accordance with the STROBE reporting checklist (available 
at https://jtd.amegroups.com/article/view/10.21037/jtd-
2025-1282/rc).

Methods

Study population

The data  for  th is  s tudy were  obta ined from the 
NHANES, a database established by the Centers for 
Disease Control and Prevention (CDC) using a complex, 
multistage, stratified probability sampling design. 
NHANES encompasses comprehensive health data 
including demographic characteristics, dietary surveys, 
physical examinations, laboratory tests, and questionnaire 
responses. Its sampling weight design ensures national 
representativeness of research findings (22). The study was 
conducted in accordance with the Declaration of Helsinki 
and its subsequent amendments. All study procedures were 
approved by the National Center for Health Statistics 
Ethics Review Board, with written informed consent 
obtained from all participants.

The study utilized data from five consecutive 2-year 
survey cycles conducted between 1999–2000 and 2009–
2010. Among participants initially enrolled for this study, we 
excluded those aged <20 years and removed individuals with 
missing data regarding asthma status, IBI, or covariates.

Assessment of IBI and other indicators

The data for inflammatory markers in this study were 
obtained from the laboratory testing component of the 
NHANES. Complete blood count (CBC) parameters 
were measured using standardized automated hematology 
analyzers (Coulter DxH 800, Beckman Coulter), with 
all tests following the graded quality control procedures 
established by the Centers for CDC. CRP levels were 
determined using high-sensitivity immunoturbidimetric 

a s s a y s  ( R o c h e  C o b a s  6 0 0 0  a n a l y z e r ) .  T h e  k e y 
metric in this study, the IBI, was calculated as: IBI = 
CRP×neutrophil count/lymphocyte count (14,15). Other 
evaluated inflammatory indices included: SII = platelet 
count×neutrophil count/lymphocyte count. SIRI = 
neutrophil count×monocyte count/lymphocyte count. 
NLR = neutrophil count/lymphocyte count. PLR = 
platelet count/lymphocyte count. MLR = monocyte count/
lymphocyte count (20). Higher IBI values indicate greater 
inflammatory burden. For analytical purposes, IBI was 
stratified into quartiles (Q1, Q2, Q3, Q4), with the first 
quartile (Q1) representing low inflammatory burden and 
the fourth quartile (Q4) representing high inflammatory 
burden.

Assessment of asthma

After reviewing previous references (3,21,23), we based 
the asthma assessment on information collected from 
the questionnaire component of the National Health 
Interview Survey. NHANES utilized self-administered 
questionnaires to gather information regarding asthma and 
related symptoms. Participants were thus defined as having 
asthma if they answered “Yes” to the following question: 
“Has a doctor or other health professional ever told you 
that you have asthma?” The control group was defined as 
participants who answered “No” to this question.

Assessment of mortality

The mortality data were obtained by linking NHANES 
records with the most recent (2019) National Death Index 
data. The follow-up period was defined as the time interval 
from the date of interview conducted by Centers for CDC 
staff to the date of death.

Covariates

The covariate data involved in this study were all derived 
from sociodemographic information collected through 
standardized NHANES questionnaires and laboratory test 
results. Age was included in the analysis as a continuous 
variable. Gender was categorized into female and male. 
Race was divided into four categories: Mexican American, 
non-Hispanic White, non-Hispanic Black, and other race. 
Marital status was simplified into two groups: married and 
unmarried. Educational attainment was classified into three 
levels: less than high school, high school graduate, and 

https://jtd.amegroups.com/article/view/10.21037/jtd-2025-1282/rc
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above high school. Family economic status was measured 
by the poverty-to-income ratio (PIR) (20), which was 
calculated by dividing the total family income by the 
poverty threshold for the corresponding family size as 
defined by the U.S. Department of Health and Human 
Services, and was categorized into three levels: ≤1.0, 1.1–3.0, 
and >3.0. Smoking status was divided into three categories: 
never smokers were defined as those who had smoked fewer 
than 100 cigarettes in their lifetime, former smokers were 
those who had smoked more than 100 cigarettes but did 
not currently smoke, and current smokers were those who 
had smoked more than 100 cigarettes and currently smoked 
(20,24). Drinking status was categorized into non-drinkers 
(<12 drinks per year) and drinkers (≥12 drinks per year) (25).  
Based on guidance from the National Heart, Lung, 
and Blood Institute of the USA and the World Health 
Organization, body mass index (BMI) was classified into 
four groups: underweight (<18.5 kg/m2), normal weight 
(18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), and obese 
(≥30.0 kg/m2) (26,27). Hypertension was defined as systolic 
blood pressure ≥140 mmHg or diastolic blood pressure  
≥90 mmHg or based on a physician’s diagnosis (27). 
Diabetes was defined as meeting any of the following 
criteria: a confirmed diagnosis report, use of hypoglycemic 
drugs or insulin, HbA1c ≥6.5%, or fasting blood glucose 
≥126 mg/dL (27). A family history of asthma was 
categorized into present or absent based on participants’ 
reports of asthma diagnoses among their first-degree 
relatives (21).

Statistical analysis

This study strictly adhered to the complex sampling 
design requirements of the NHANES database. To 
enhance the accuracy and validity of our findings, we 
incorporated Mobile Examination Center examination 
weights (WTMEC4YR, WTMEC2YR) in the analysis, 
employing weighted analytical methods to ensure 
nationally representative results. Continuous variables were 
expressed as weighted mean ± standard deviation (SD), 
while categorical variables were presented as frequencies 
(weighted percentages). Between-group differences were 
analyzed using weighted t-tests (for continuous variables) 
and weighted Chi-squared tests (for categorical variables).

Weighted multivariate logistic regression models were 
used in the cross-sectional analysis to calculate the odds 
ratio (OR) and 95% confidence interval (CI) for the 
association between the IBI and asthma risk. The predictive 

performance of IBI, SII, SIRI, NLR, PLR, and MLR for 
asthma was evaluated using receiver operating characteristic 
(ROC) curves. In the longitudinal analysis, weighted Cox 
proportional hazards models were employed to estimate 
hazard ratio (HR) and 95% CIs for the association between 
IBI and all-cause mortality risk in asthma patients. Kaplan-
Meier survival curves were plotted, and between-group 
differences were assessed using the log-rank test. Time-
dependent ROC analyses were conducted to evaluate 
the predictive value of inflammatory markers at different 
follow-up intervals (1-, 3-, and 5-year) and at quartiles 
of follow-up time (with cutoff points at 10.25, 12.75, and 
16.17 years). Differences in the area under the curve (AUC) 
of inflammatory markers were compared using DeLong’s 
test. In the weighted multivariate regression analysis, we 
constructed three progressively adjusted regression models: 
Model 1 was not adjusted; Model 2 was adjusted for age, 
sex, marital status, and race; Model 3 was adjusted for age, 
sex, marital status, race, education level, PIR, drinking 
status, smoking status, BMI, diabetes, hypertension, and 
having a close relative with asthma. Restricted cubic splines 
(RCS) models with three knots were applied to explore 
potential nonlinear associations and were optimized based 
on the Akaike information criterion. Since the original IBI 
values exhibited a skewed distribution, a natural logarithm 
transformation (Ln-IBI) was applied, resulting in a normal 
distribution (Figure S1).

To ensure the robustness of the results, this study 
implemented multidimensional validation: (I) subgroup 
analyses were conducted to examine potential effect 
modifications by demographic characteristics (e.g., age, sex, 
race), with interaction effects assessed using Wald tests; (II) 
multiple imputation by chained equations (MICE package) 
was employed to handle missing covariate data, with results 
pooled after five imputation cycles; (III) sensitivity analyses 
were performed to compare consistency between weighted 
and unweighted models; (IV) participants who died within 
two years of follow-up were excluded to verify result 
consistency. All analyses were performed using R software 
(version 4.4.3), with two-sided tests applied. P value <0.05 
was considered statistically significant.

Results 

Baseline characteristics of the study participants

Figure 1 presents the participant selection process. From 
1999 to 2010, a total of 23,758 adult participants from 

https://cdn.amegroups.cn/static/public/JTD-2025-1282-Supplementary.pdf
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NHANES were included and divided into two groups based 
on asthma status: the asthma and non-asthma group.

Table 1 displays the baseline characteristics of the 
participants. The study population had a mean age of 
46.49±16.62 years, with 48.66% being male and the 
majority being non-Hispanic White (73.03%). Among 
them, 2,955 (12.44%) had asthma. Compared to non-
asthma participants, asthma patients were more likely to 
be younger, unmarried, non-Hispanic White females with 
lower income levels (P<0.001). They also had a higher 
proportion of current smokers, BMI, higher prevalence 
of hypertension and diabetes, and a greater likelihood of 
having a relative with asthma (P<0.05). Additionally, asthma 
patients exhibited significantly higher neutrophil counts and 
CRP levels compared to non-asthma participants (P<0.01). 
Among the six inflammatory markers (NLR, SIRI, SII, 
PLR, MLR, IBI), only IBI showed a significant difference 

between asthma and non-asthma groups (P<0.01).
Among adult asthma participants, 577 (20%) experienced 

all-cause mortality (Table S1). Compared to survivors, 
those who died were more likely to be older, unmarried 
(P<0.01), had lower education and income levels, a 
higher proportion of current smoker status (P<0.001), 
and had a higher prevalence of diabetes and hypertension 
(P<0.001). Furthermore, deceased asthma patients exhibited 
significantly higher levels of inflammatory markers (NLR, 
SIRI, SII, PLR, MLR, IBI) (P<0.01).

Associations between IBI and asthma

The logistic regression model demonstrated the association 
between IBI and asthma (Table 2). IBI was converted into 
a categorical variable (quartiles) for analysis. In Model 
1, participants in the highest quartile of IBI had a 1.45-

Participants of NHANES 1999–2010
(n=62,160)

n=32,464

n=28,745

Participants included in analysis
(n=23,758)

Non-asthma
(n=20,803)

Asthma
(n=2,955)

Study population for survival 
analysis (n=2,951)

Excluded:
• Below 20 years old (n=29,696)

Excluded:
• Missing IBI data (n=3,719)

Excluded:
• Missing covariate data (n=4,987)

Excluded:
• Missing mortality data (n=4)

Figure 1 Flowchart of participant selection from NHANES 1999–2010. IBI, inflammatory burden index; NHANES, National Health and 
Nutrition Examination Survey. 
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Table 1 Baseline characteristics of adults in NHANES 1999–2010

Characteristics Total (n=23,758)
Asthma

P value
No (n=20,803) Yes (n=2,955)

Age, years 46.49±16.62 46.81±16.66 44.37±16.16 <0.001

Sex <0.001

Male 11,606 (48.66) 10,388 (49.75) 1,218 (41.51)

Female 12,152 (51.34) 10,415 (50.25) 1,737 (58.49)

Race <0.001

Mexican American 4,716 (7.46) 4,401 (8.03) 315 (3.71)

Non-Hispanic White 12,284 (73.03) 10,639 (72.84) 1,645 (74.29)

Non-Hispanic Black 4,389 (9.97) 3,741 (9.72) 648 (11.63)

Other races 2,369 (9.54) 2,022 (9.41) 347 (10.36)

Marital status <0.001

No 8,898 (34.44) 7,604 (33.64) 1,294 (39.71)

Yes 14,860 (65.56) 13,199 (66.36) 1,661 (60.29)

Education level 0.09

Below high school 6,868 (18.44) 6,111 (18.57) 757 (17.56)

High school 5,621 (24.92) 4,958 (25.15) 663 (23.40)

Above high school 11,269 (56.64) 9,734 (56.27) 1,535 (59.03)

PIR <0.001

≤1.0 4,479 (12.91) 3,797 (12.33) 682 (16.69)

1.1–3.0 9,997 (35.80) 8,835 (36.03) 1,162 (34.26)

>3.0 9,282 (51.30) 8,171 (51.64) 1,111 (49.05)

Smoking status <0.001

Never smoker 12,268 (51.29) 10,878 (51.90) 1,390 (47.29)

Former smoker 6,281 (25.30) 5,463 (25.04) 818 (27.04)

Current smoker 5,209 (23.41) 4,462 (23.07) 747 (25.67)

Drinking status 0.48

No 7,092 (25.64) 6,232 (25.73) 860 (25.00)

Yes 16,666 (74.36) 14,571 (74.27) 2,095 (75.00)

BMI <0.001

Underweight 355 (1.69) 312 (1.71) 43 (1.61)

Normal weight 6,750 (31.01) 6,007 (31.39) 743 (28.46)

Overweight 8,356 (34.09) 7,479 (34.83) 877 (29.20)

Obesity 8,297 (33.21) 7,005 (32.07) 1,292 (40.73)

Hypertension 0.02

No 13,917 (64.00) 12,279 (64.40) 1,638 (61.35)

Yes 9,841 (36.00) 8,524 (35.60) 1,317 (38.65)

Table 1 (continued)
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Table 1 (continued)

Characteristics Total (n=23,758)
Asthma

P value
No (n=20,803) Yes (n=2,955)

Diabetes 0.04

No 20,310 (89.62) 17,847 (89.87) 2,463 (88.02)

Yes 3,448 (10.38) 29,56 (10.13) 492 (11.98)

Close relative with asthma <0.001

No 18,900 (78.66) 17,139 (81.48) 1,761 (60.13)

Yes 4,858 (21.34) 3,664 (18.52) 1,194 (39.87)

Lymphocyte, 103/μL 2.13±1.11 2.13±1.16 2.15±0.75 0.14

Neutrophils, 103/μL 4.33±1.68 4.32±1.67 4.43±1.73 0.005

C-reactive protein, mg/dL 0.41±0.78 0.40±0.78 0.48±0.75 <0.001

NLR 2.23±1.13 2.22±1.13 2.23±1.13 0.77

SIRI, 103/μL 1.26±0.86 1.26±0.87 1.26±0.83 0.94

SII, 103/μL 592.28±361 590.11±361.26 606.45±359.07 0.08

PLR 136.98±53.21 163.97±53.44 137.01±51.63 0.98

MLR 0.28±0.12 0.29±0.12 0.28±0.12 0.050

IBI 1.08±3.35 1.05±3.43 1.24±2.82 0.004

Continuous variables are described as means ± SD: P value was calculated by weighted t-test. Categorical variables are presented as 
numbers (percentages): P value was calculated by weighted Chi-squared test. n reflects the study sample while percentages reflect the 
survey weighted. BMI, body mass index; IBI, inflammatory burden index; MLR, monocyte-to-lymphocyte ratio; NHANES, National Health 
and Nutrition Examination Survey; NLR, neutrophil-to-lymphocyte ratio; PIR, poverty income ratio; PLR, platelet-to-lymphocyte ratio; SD, 
standard deviation; SII, systemic immune-inflammation index; SIRI, systemic inflammatory response index.

Table 2 Logistic regression analysis on the association between the IBI and asthma in NHANES 1999–2010

Variables
Model 1 Model 2 Model 3

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

IBI

Q1 1 (Ref) 1 (Ref) 1 (Ref)

Q2 1.06 (0.94–1.21) 0.34 1.13 (1.00–1.29) 0.059 1.04 (0.91–1.20) 0.53

Q3 1.21 (1.05–1.39) 0.01 1.27 (1.10–1.46) 0.001 1.11 (0.95–1.29) 0.21

Q4 1.45 (1.25–1.67) <0.001 1.51 (1.30–1.74) <0.001 1.21 (1.04–1.41) 0.02

P for trend <0.001 <0.001 0.015

Model 1 was not adjusted; Model 2 was adjusted for age, sex, marital status and race; Model 3 was adjusted for age, sex, marital status, 
race, education level, PIR, drinking status, smoking status, BMI, diabetes, hypertension, close relative with asthma. BMI, body mass 
index; CI, confidence interval; IBI, inflammatory burden index; NHANES, National Health and Nutrition Examination Survey; OR, odds 
ratio; PIR, poverty-income ratio; Ref, reference.
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fold higher risk of asthma compared to those in the lowest 
quartile (95% CI: 1.25–1.67, P<0.001). In Model 2, this 
value was 1.51 (95% CI: 1.30–1.74, P<0.001), and in 
Model 3, it was 1.21 (95% CI: 1.04–1.41, P=0.02). Trend 
analysis revealed a significant correlation between IBI and 
asthma risk (P for trend <0.05). These results indicate that 
regardless of adjusting for confounding factors, higher IBI 
levels are associated with an increased likelihood of asthma.

Associations between IBI and all-cause mortality

The Cox proportional hazards model demonstrated the 
association between IBI and all-cause mortality (Table 3).  
Following the conversion of IBI into a categorical variable 
(quartiles) for analysis, a significant dose-response 
relationship was observed. In Model 1, when comparing 
participants in the lowest quartile, those in the highest IBI 
quartile had a 476% increased risk of all-cause mortality 
(95% CI: 3.42–6.63, P<0.001). Similar trends were observed 
after adjusting for confounders in both Models 2 and 3, with 
HR values of 2.98 (95% CI: 2.14–4.15, P<0.001) and 2.50 
(95% CI: 1.79–3.50, P<0.001) respectively. Trend analysis 
revealed a significant correlation between IBI and all-cause 
mortality (P for trend <0.001). The Kaplan-Meier survival 
curves yielded consistent results (Figure S2). These findings 
indicate that higher IBI levels are significantly associated 
with increased all-cause mortality in adult asthma patients.

RCS analyses

We performed RCS analysis to evaluate the nonlinear 
relationship between IBI and both asthma risk and all-cause 
mortality (Figure 2). In the fully adjusted model, IBI showed 
a linear association with asthma risk (P for overall =0.001, 
P for nonlinear =0.07). Similarly, IBI exhibited a linear 
relationship with all-cause mortality (P for overall <0.001, P 
for nonlinear =0.15). Therefore, it is reasonable to conclude 
that both asthma prevalence and all-cause mortality in 
asthma patients increase with higher IBI levels. 

ROC analysis

We conducted ROC analysis and calculated AUC values to 
compare the performance of IBI with other inflammatory 
markers (SII, SIRI, PLR, NLR, MLR) in predicting asthma 
and all-cause mortality. As shown in Figure 3, for asthma 
prediction, the AUC of IBI was 0.541 (95% CI: 0.529–
0.552), which was higher than that of other inflammatory 
markers (SII, SIRI, NLR, PLR, MLR) (P<0.05) (Table 4).  
As illustrated in Figure 4, the predictive ability of all 
inflammatory markers for all-cause mortality gradually 
declined with prolonged follow-up intervals. The AUC 
of IBI for predicting 1-year all-cause mortality was 0.701, 
showing no statistically significant difference compared to 
other inflammatory markers (SII, SIRI, NLR, PLR, MLR) 

Table 3 Cox regression analysis on the association between the IBI and all-cause mortality in adults with asthma in NHANES 1999–2010

Variables
Model 1 Model 2 Model 3

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

IBI

Q1 1 (Ref) 1 (Ref) 1 (Ref)

Q2 1.99 (1.40–2.83) <0.001 1.41 (1.00–1.98) 0.053 1.32 (0.93–1.86) 0.12

Q3 2.52 (1.80–3.52) <0.001 1.72 (1.23–2.39) 0.001 1.61 (1.16–2.23) 0.004

Q4 4.76 (3.42–6.63) <0.001 2.98 (2.14–4.15) <0.001 2.50 (1.79–3.50) <0.001

P for trend <0.001 <0.001 <0.001

Model 1 was not adjusted; Model 2 was adjusted for age, sex, marital status and race; Model 3 was adjusted for age, sex, marital status, 
race, education level, PIR, drinking status, smoking status, BMI, diabetes, hypertension, close relative with asthma. BMI, body mass 
index; CI, confidence interval; HR, hazard ratio; IBI, inflammatory burden index; NHANES, National Health and Nutrition Examination 
Survey; PIR, poverty-income ratio; Ref, reference. 

https://cdn.amegroups.cn/static/public/JTD-2025-1282-Supplementary.pdf
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(P>0.05). However, the AUC of IBI progressively decreased 
as follow-up time increased. At a follow-up duration of 
16.17 years, the AUC of IBI for all-cause mortality was 
0.616, which was higher than that of SII, NLR, and PLR 
(P<0.01) (Figure S3) but showed no significant difference 

compared to SIRI and MLR (P>0.05).

Subgroup analysis and sensitivity analysis

We conducted subgroup analyses and sensitivity analyses 
to verify the stability of the positive associations between 
IBI and asthma, as well as between IBI and all-cause 
mortality. The subgroup analyses revealed that the positive 
associations of IBI with asthma (Figure S4) and IBI with 
all-cause mortality (Figure S5) remained unchanged across 
stratified groups by age, gender, race, marital status, and 
PIR levels (P for interaction >0.05). Sensitivity analyses 
demonstrated that the positive associations between IBI 
with asthma and IBI with all-cause mortality remained 
robust after multiple imputation of covariates with missing 
values (Tables S2,S3), non-weighted analysis of the data 
(Tables S4,S5), and exclusion of participants who died 
within two years of follow-up (Table S6).

Discussion

We conducted a study involving 23,758 adult participants 
to investigate the association between IBI and the 
prevalence and mortality of asthma, as well as to evaluating 
the predictive performance of IBI compared to other 
inflammatory indicators in asthma. Our findings revealed 
that high levels of IBI were significantly associated with an 
increased risk of asthma prevalence and all-cause mortality 
in asthma patients. Time-dependent ROC analysis 
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Table 4 Comparison of AUC values between IBI and other inflammatory markers in identifying asthma in NHANES 1999–2010

Test AUC (95% CI) Best threshold Specificity Sensitivity P for different in AUC

IBI 0.541 (0.529, 0.552) 0.764 0.671 0.403 Ref

MLR 0.518 (0.507, 0.529) 0.227 0.657 0.372 0.01

SII 0.517 (0.506, 0.529) 577.835 0.601 0.435 <0.001

SIRI 0.504 (0.493, 0.515) 2.23 0.897 0.119 <0.001

NLR 0.503 (0.492, 0.515) 3.085 0.834 0.179 <0.001

PLR 0.502 (0.491, 0.513) 140.646 0.626 0.39 <0.001

AUC, area under the curve; CI, confidence interval; IBI, inflammatory burden index; MLR, monocyte-to-lymphocyte ratio; NHANES, 
National Health and Nutrition Examination Survey; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; Ref, reference; 
SII, systemic immune-inflammation index; SIRI, systemic inflammatory response index.
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demonstrated that the AUC value of IBI was 0.701 at the 
1-year follow-up, but its predictive performance exhibited 
a gradual decline with prolonged follow-up intervals. 
Notably, for long-term follow-up intervals (16.17 years), 
IBI showed superior predictive capability for all-cause 
mortality compared to SII, NLR, and PLR. IBI may be a 
better predictive indicator for assessing the mortality risk in 
individuals with asthma. Overall, our study underscores the 
importance of considering inflammatory status reflected by 
IBI as an independent risk factor for all-cause mortality in 
asthma patients.

In the anti-inflammatory treatment of  asthma, 
suppressing airway inflammation represents the core 
objective (28,29). After anti-inflammatory therapy, a 
significant negative correlation is observed between 
blood neutrophil count and the lung function parameter 
FEV1/FVC in asthma patients (30), indicating that anti-
inflammatory treatment can reduce neutrophil counts 
and improve airway obstruction. As a primary treatment 
modality, inhaled corticosteroids (ICS) primarily alleviate 
symptoms by suppressing airway inflammation (28). 
Furthermore, ICS therapy may also mitigate systemic 
inflammatory responses by inhibiting the elevation of 
oxidative stress and inflammatory markers under external 
environmental stimuli (31). Therefore, as IBI serves as a 
comprehensive indicator of systemic inflammatory burden, 
anti-inflammatory treatment in asthma patients may lead 
to a reduction in IBI levels. This observation suggests 
that monitoring IBI could have potential clinical value 
in reflecting the efficacy of anti-inflammatory therapy. 
Changes in treatment regimens during follow-up, such 
as adjustments in ICS dosage or combination therapies, 
may dynamically alter IBI levels, thereby potentially 
attenuating its accuracy in predicting long-term mortality 
risk. These factors may partially explain the relatively 
conservative predictive value of IBI observed in this study. 
Future research should explore the dynamic changes of IBI 
under different treatment strategies and its relationship 
with clinical outcomes in prospective cohorts with detailed 
therapeutic and phenotypic information.

In recent years, composite inflammatory indices based 
on CBC have garnered increasing attention for their value 
in assessing chronic inflammatory diseases. As composite 
markers, the SII and SIRI integrate multidimensional 
information such as neutrophils, lymphocytes, monocytes, 
and platelets, providing a more comprehensive reflection 
of systemic inflammatory status (21,32). Classical indices 
such as NLR and PLR have demonstrated superior 

discriminatory ability in predicting the risk of diabetic 
kidney disease compared to other markers (33). In contrast 
to SIRI and aggregate index of systemic inflammation, 
the MLR exhibits higher clinical value in predicting 
cardiovascular diseases (34). Cohort data reveal that SII and 
SIRI are significantly associated with mortality in asthma 
patients (20,35). Notably, SIRI holds unique predictive 
value for asthma-related stroke risk, outperforming the 
traditional SII marker (with an AUC difference of 0.07) (36).  
A cohort study suggests that among CBC-derived 
composite inflammatory markers, MLR demonstrates 
the highest predictive value for asthma mortality (20). 
These findings collectively highlight the unique utility of 
composite inflammatory indices in disease prediction.

The IBI is a novel composite inflammatory marker 
integrating CRP and NLR and demonstrates unique 
clinical value in assessing the association between systemic 
inflammation and chronic inflammatory diseases (14,37). 
IBI has been linked to mortality risk in rheumatoid arthritis 
and osteoarthritis (16,17). Research indicates that IBI is 
associated with the prevalence of CIAD. Higher levels of IBI 
are linked to increased all-cause mortality and respiratory 
disease mortality in CIAD patients (37). However, these 
studies did not establish IBI’s predictive value for asthma 
incidence nor clarify its comparative performance against 
other composite inflammatory markers. Our current study 
reveals that elevated IBI levels are significantly associated 
with increased asthma prevalence and higher all-cause 
mortality in asthma patients. Although its predictive 
ability is modest (AUC =0.541), IBI outperforms other 
composite inflammatory markers (SII, SIRI, NLR, PLR, 
MLR) in asthma prediction. At a 1-year follow-up, IBI’s 
AUC for all-cause mortality in asthma patients was 0.701, 
slightly lower than MLR (AUC =0.731), but without 
statistical significance (P>0.05). IBI’s predictive ability 
for all-cause mortality declined over extended follow-up 
period. However, at the 16.17-year follow-up, IBI exhibited 
the highest predictive value (AUC =0.616) compared to 
other inflammatory markers. Notably, IBI’s predictive 
performance varies significantly across different disease 
populations. IBI demonstrates strong predictive efficacy for 
in-hospital mortality in severe fever with thrombocytopenia 
syndrome (SFTS) (AUC =0.799) (38), likely because SFTS, 
as an acute viral infection, involves dramatic fluctuations in 
pro-inflammatory cytokines that IBI can effectively capture. 
In contrast, IBI shows weaker predictive performance for 
Intensive Care Unit/hospital mortality in sepsis patients 
(AUC =0.58) (39), possibly due to sepsis patients often 
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presenting with complex pathophysiological changes such 
as multi-organ dysfunction and metabolic disturbances, 
which may dilute the predictive power of pure inflammatory 
markers. Among males aged 40 and above, IBI maintains 
relatively stable predictive ability for all-cause mortality, 
with AUC values of 0.622, 0.634, and 0.632 at 5-, 10-, 
and 15-year follow-ups (40), respectively. In contrast, the 
predictive performance of IBI declines steadily in asthma 
patients. This difference may stem from the fact that 
mortality risk in middle-aged and elderly males is primarily 
driven by chronic degenerative diseases (e.g., cardiovascular 
diseases), whereas asthma-related mortality is more likely 
dominated by acute respiratory events. The sudden and 
unpredictable nature of such events may explain IBI’s 
stronger short-term predictive performance but gradual 
attenuation over time.

This study demonstrates that IBI exhibits superior 
predictive ability for both asthma incidence and mortality in 
asthma patients compared to other composite inflammatory 
indices, which may be attributed to the inclusion of CRP. As 
a biomarker reflecting systemic inflammatory status, CRP 
can assess disease severity and predict disease progression 
and outcomes (41). Studies have shown that CRP is 
negatively correlated with lung function in asthma patients 
and can indicate the severity of airway inflammation (42).  
While complete blood cell counts are susceptible to 
influences from age and medications (43,44), CRP may 
provide a more stable reflection of systemic inflammation, 
potentially explaining IBI’s enhanced predictive value over 
other composite inflammatory markers. IBI represents 
the dynamic equilibrium among CRP, neutrophils, 
and lymphocytes which play a crucial role in asthma 
pathophysiology. Dysregulation of IBI may contribute to 
the progression of inflammation, exacerbation of airway 
hyperresponsiveness, and ultimately increased mortality 
risk in asthma patients. The integration of CRP in IBI 
appears to provide a more comprehensive assessment of 
inflammatory burden, potentially accounting for its better 
predictive performance in asthma outcomes compared to 
indices relying solely on cellular components.

There are several limitations in this study. First, some of 
the basic characteristics in this study were obtained through 
questionnaires or face-to-face interviews, making recall bias 
inevitable. Second, this is a retrospective observational study 
and thus cannot establish causality. Although confounding 
variables were adjusted for in this research, other potential 
or unmeasured confounders, such as dietary and sleep 
habits, remain difficult to eliminate. Third, the sample 

consisted solely of U.S. adults, which limits the applicability 
of these findings to children or populations in other 
regions, particularly Asia. Fourth, due to the lack of data 
on clinicians’ mortality risk assessments in the database, 
it was not possible to compare the IBI score with clinical 
risk evaluations. Fifth, due to the lack of detailed treatment 
data (such as medication type, dosage, and adherence), we 
were unable to analyze whether treatment interventions 
could reduce IBI and whether such a reduction could 
further translate into a decrease in mortality risk. In the 
future, prospective studies should monitor changes in IBI 
following treatment interventions to evaluate its potential 
as a modifiable risk marker. Future research should explore 
the use of more precise diagnostic tools or the combination 
of multiple diagnostic methods to improve the accuracy of 
IBI diagnosis.

Conclusions

The findings of this study demonstrate that elevated levels 
of IBI are significantly associated with increased asthma 
prevalence and all-cause mortality. IBI exhibits superior 
predictive value for adult asthma prevalence compared to 
other inflammatory composite markers (SII, SIRI, NLR, 
PLR, MLR), and shows better predictive value for mortality 
in adult asthma patients than SII, NLR, and PLR. IBI 
can serve as an effective predictive indicator to identify 
the mortality risk of asthma in a simple and cost-effective 
manner. These findings contribute to the growing evidence 
supporting the potential utility of IBI in predicting asthma 
prognosis and may inform clinical decision-making for 
the management of asthma in patients. However, further 
prospective clinical trials are required to validate the 
potential role of IBI in asthma pathology.
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