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Abstract
Background Systemic inflammation contributes to the progression of heart failure (HF). This study aims to 
investigate the association between inflammatory burden index (IBI) and HF risk.

Methods In this cross-sectional study of NHANES 2003–2017, data from 19,856 participants were analyzed, including 
652 participants with HF and 19,204 without HF. Participants were categorized into quartiles based on IBI levels (Q1–
Q4). The risk of HF across these quartiles was assessed with adjustment for potential confounders and restricted cubic 
spline analyses were used to evaluate dose-response relationships.

Results Our results show that participants with HF have higher IBI levels compared to those without HF (2.66 ± 0.27 
vs. 1.05 ± 0.03, p < 0.001). The prevalence of HF increases with higher IBI quartiles: Quartile 1 (1.2%), Quartile 2 (1.33%), 
Quartile 3 (2.60%), and Quartile 4 (4.37%) (p < 0.001). After adjusting for potential confounders, the risk of HF remained 
elevated across the quartiles: Quartile 2 (odds ratio [OR] = 0.72, 95% confidence interval [CI]: 0.48–1.10), Quartile 3 
(OR = 1.06, 95% CI: 0.70–1.61), and Quartile 4 (OR = 1.46, 95% CI: 1.02–2.10) compared to Quartile 1. Restricted cubic 
spline analysis further confirmed a substantial positive-linear correlation between IBI and HF risk.

Conclusion Higher levels of IBI are related to a high risk of HF, independent of traditional risk factors. These results 
suggest that IBI could be a useful parameter for identifying individuals at higher risk of HF.

Clinical trial number Not applicable.
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Introduction
Heart failure (HF) is a prevalent clinical syndrome result-
ing from ventricular systolic and/or diastolic dysfunc-
tion [1–7]. Despite considerable progress in medical 
treatments and care, patients with HF continue to expe-
rience a poor prognosis and elevated risk of mortality. 
Estimates indicate that the mortality rate for HF patients 
varies from 2 to 17% during the initial hospitalization, 
and then rising to 17–45% within the first year of admis-
sion. Moreover, no more than 50% of HF patients survive 
within five years of follow up [8, 9]. Nowadays, as popu-
lations age and the frequency of cardiovascular risk fac-
tors, including hypertension [10, 11], diabetes [12], acute 
coronary syndromes [13] and obesity [14], the incidence 
of HF is rising, with an estimated 64 million individuals 
living with HF worldwide [15]. Considering the substan-
tial burden of HF, characterized by elevated mortality and 
morbidity [16, 17], it is critical to improve risk stratifica-
tion strategies of HF.

Inflammation plays a pivotal role in HF pathogenesis 
through mechanisms such as promoting atherosclero-
sis, vascular dysfunction, and myocardial injury [18–20]. 
Elevated inflammatory markers (e.g., interleukin (IL)-6, 
tumor necrosis factor alpha (TNF-α), C-reactive protein 
(CRP)) have been consistently linked to HF incidence 
and progression [21, 22]. The inflammatory burden index 
(IBI) [23, 24] is a novel inflammatory index that combines 
multiple inflammatory markers, including CRP, neutro-
phils, and lymphocytes, to provide a more comprehensive 

information of systemic inflammatory burden. Previ-
ous studies have demonstrated that IBI [24–26] is more 
effective in predicting disease prognosis compared to tra-
ditional inflammatory biomarkers. However, the relation-
ship between the IBI and the risk of HF remains unclear. 
In this study, we utilized data from the National Health 
and Nutrition Examination Survey (NHANES) 2003–
2017 to investigate the relationship between IBI and the 
risk of HF, in order to provide better understanding of 
the role of inflammatory and in HF pathophysiology, and 
identify individuals with a high risk of HF.

Methods
Study design and population
This cross-sectional investigation employed data derived 
from the NHANES gathered between the years 2003 and 
2017. Briefly, NHANES ( h t t p  s : /  / w w w  . c  d c .  g o v  / n c h  s /  n h 
a n e s /) survey utilizes a complex, multistage probability 
sampling methodology to procure data that accurately 
represents the civilian, non-institutionalized population 
of the U.S. For the objectives of this research, the subse-
quent inclusion criteria must be satisfied: participants are 
required to be 18 years of age or older and have data of 
CRP, neutrophils, and lymphocytes. Furthermore, indi-
viduals lacking information of HF were excluded from 
this study. The flowchart of this study is depicted in Fig. 1.

Outcome evaluation
The primary outcome of this study was the presence or 
absence of HF, determined based on self-reported data 
documented in the NHANES survey ( 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 / 2 0  1 7  - 2 0  1 8 /  P _ M C  Q .  h t m # M C Q 1 6 0 
b). Participants were asked, “Has a doctor or other health 
professional ever told you/SP that you/s/he...had conges-
tive heart failure?” If the answer was “Yes,” the participant 
was classified as having HF. Conversely, if the answer 
was “No,” the participant was classified as not having HF. 
Responses of “Refused,” “Don’t know,” or any missing data 
resulted in exclusion from the study.

IBI calculation
In line with earlier investigations [23, 24], the IBI for each 
participant was calculated by multiplying the CRP con-
centration with the neutrophil count, which was then 
divided by the lymphocyte count. This formulation can 
be described as IBI = CRP × neutrophil/lymphocyte.

Covariates
In this study, we considered various covariates as poten-
tial confounding variables in assessing the associa-
tion between the IBI and the risk of HF. The covariates 
included demographic variables (age, gender, race/eth-
nicity); anthropometric measures (height, weight, body 
mass index [BMI], calculated as weight in kilograms Fig. 1 Flowchart of this study

 

https://www.cdc.gov/nchs/nhanes/
https://www.cdc.gov/nchs/nhanes/
https://wwwn.cdc.gov/Nchs/Nhanes/2017-2018/P_MCQ.htm#MCQ160b
https://wwwn.cdc.gov/Nchs/Nhanes/2017-2018/P_MCQ.htm#MCQ160b
https://wwwn.cdc.gov/Nchs/Nhanes/2017-2018/P_MCQ.htm#MCQ160b
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divided by height in meters squared, and waist circum-
ference); socioeconomic factors (marital status, and edu-
cation level); lifestyle factors (smoking status and alcohol 
use); biochemical and clinical variables (hemoglobin, ala-
nine aminotransferase [ALT], aspartate aminotransferase 
[AST], total bilirubin, creatinine, uric acid, triglycerides, 
total cholesterol, high-density lipoprotein [HDL] cho-
lesterol, and low-density lipoprotein [LDL] cholesterol); 
medical history (hyperlipidemia, hypertension, coronary 
heart disease, stroke, and diabetes); and medication use 
(antidiabetic treatment, antihyperlipidemic treatment, 
and antihypertensive treatment).

Statistical analysis
The statistical analyses were executed utilizing RStu-
dio (version 4.4.1) software. The complex survey design 
of NHANES was considered through the application of 
appropriate survey weights, strata, and primary sampling 
units. Descriptive statistics were employed to summa-
rize the baseline characteristics of the study participants. 
Continuous variables were expressed as mean accompa-
nied by standard error (SE), whereas categorical variables 
were delineated in terms of numbers and percentages.

Before the analysis, we employed multiple imputa-
tion [23, 27] to address the issue of missing data relat-
ing to covariates. Missing values were imputed using 
chained equations with a total of five imputations. The 
imputation model was exclusively comprised of covari-
ates, omitting any data related to IBI and HF. Initially, we 
conducted a comparative analysis of IBI between indi-
viduals diagnosed with HF and those who were not. In 
the subsequent analysis, the participants were stratified 
into quartiles based on their respective IBI levels: Quar-
tile 1 (< 0.15), Quartile 2 (0.15–0.403), Quartile 3 (0.403–
1.072), and Quartile 4 (> 1.072). We then evaluated the 
risk of HF among these quartiles. Following this, we exe-
cuted a multivariate logistic regression analysis to adjust 
for potential confounding factors. Considering the poten-
tial impact of demographic and lifestyle factors, bio-
chemical profiles, comorbidities, and medication use on 
the conclusions of this study, three multivariable models 
were constructed as follows: model 1 did not adjust for 
any confounding variables; in model 2, we systematically 
integrated covariates into the analysis, which encom-
passed factors such as age, gender, race/ethnicity, height, 
weight, BMI, marital, education, smoke, alcohol user and 
waist circumference; in model 3, we further adjusted 
for additional parameters including hemoglobin, ala-
nine aminotransferase, aspartate aminotransferase, total 
bilirubin, creatinine, uric acid, triglyceride, total choles-
terol, HDL cholesterol, LDL cholesterol, hyperlipidemia, 
hypertension, coronary heart disease, stroke, diabetes, 
antidiabetic treatment, antihyperlipidemic treatment, 
and antihypertensive treatment, building upon Model 2. 

Results are presented using odds ratio (OR) and 95% con-
fidence interval (CI).

Furthermore, we employed restricted cubic spline anal-
ysis to examine the dose-response relationship between 
IBI and HF risk, while controlling for the same covari-
ates utilized in the model 1,2 and 3, as described previ-
ously. Furthermore, we also conducted subgroup analyses 
to investigate the correlation between IBI and HF across 
various subgroups. A two-tailed p-value of less than 0.05 
was considered statistically significant.

Results
Baseline characteristics of patients with and without HF
This investigation encompasses a total of 19,856 par-
ticipants, with the baseline characteristics delineated in 
Table  1. Individuals diagnosed with HF (n = 652) dem-
onstrate an advanced age and a heightened prevalence 
of comorbid conditions, such as coronary heart disease 
and diabetes, when compared with individuals without 
HF (n = 19,204). The mean age of HF participants is 66.25 
(0.64) years, in contrast to 46.23 (0.27) years for those 
not experiencing HF. Within the HF cohort, the preva-
lence rates of diabetes and coronary heart disease were 
documented at 54.78% and 38.62%, respectively, whereas 
in the non-HF cohort, its prevalence were 18.51% and 
2.57%. The mean BMI in the HF cohort was 31.28 (0.36) 
kg/m2, as opposed to 28.48 (0.09) kg/m2 in the non-HF 
cohort. Moreover, patients diagnosed with HF exhib-
ited a more pronounced IBI than those without HF [2.66 
(0.27) versus 1.05 (0.03), p < 0.001].

Baseline characteristics across IBI quartiles
Baseline characteristics stratified by IBI quartiles are 
delineated in Table 2. As indicated, participants catego-
rized within the highest IBI quartile (Quartile 4) were, 
on average, more advanced in age and exhibited a greater 
BMI in comparison to individuals in the lowest quar-
tile (Quartile 1). Furthermore, participants in Quartile 4 
demonstrated a heightened prevalence of comorbidities, 
encompassing hyperlipidemia, coronary heart disease, 
stroke, and diabetes, relative to individuals in Quartile 
1. In addition, individuals in Quartile 4 shows increased 
concentrations of uric acid, triglycerides, total choles-
terol, and LDL cholesterol, while simultaneously display-
ing reduced levels of hemoglobin, albumin, and HDL 
cholesterol when compared with those in Quartile 1. Fur-
thermore, Fig. 2 depicts the prevalence of HF throughout 
the four quartiles, showing a relatively low prevalence in 
Quartile 1 (1.20%) and a progressive increase in Quartile 
2 (1.33%), Quartile 3 (2.60%), and Quartile 4 (4.37%).

Association between IBI and risk of HF
We employed three distinct models to adjust for potential 
confounding factors and further examine the relationship 
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Table 1 Baseline characteristics of patients with and without heart failure
Variables Without heart failure Heart failure P value
N 19,204 652
Inflammatory burden index 1.05(0.03) 2.66(0.27) < 0.0001
Age (years) 46.23(0.27) 66.25(0.64) < 0.0001
Height (cm) 168.97(0.11) 168.04(0.51) 0.060
Weight (kg) 81.58(0.27) 88.61(1.20) < 0.0001
Body mass index (kg/m2) 28.48(0.09) 31.28(0.36) < 0.0001
Waist circumference (cm) 97.75(0.24) 108.59(0.92) < 0.0001
Hemoglobin (g/dl) 14.41(0.04) 13.85(0.10) < 0.0001
Alanine aminotransferase (U/L) 25.99(0.16) 23.57(0.79) 0.005
Aspartate aminotransferase (U/L) 25.76(0.14) 26.17(0.63) 0.530
Total bilirubin (mg/dl) 0.76(0.00) 0.78(0.01) 0.240
Albumin (g/dl) 4.26(0.01) 4.05(0.02) < 0.0001
Creatinine (mg/dl) 0.89(0.00) 1.24(0.04) < 0.0001
Uric acid (mg/dl) 5.40(0.02) 6.41(0.09) < 0.0001
Triglyceride (mg/dl) 232.11(2.10) 219.51(7.11) 0.070
Total cholesterol (mg/dl) 198.56(0.43) 183.20(2.50) < 0.0001
HDL cholesterol (mg/dl) 53.51(0.21) 49.12(0.72) < 0.0001
LDL cholesterol (mg/dl) 99.19(0.46) 90.44(2.68) 0.002
Male, N (%) 9245(48.04) 381(56.49) < 0.001
Race/ethnicity, N (%) < 0.0001
   Mexican American 3706(8.30) 60(3.15)
   Non-Hispanic Black 3675(10.65) 144(13.67)
   Non-Hispanic White 9533(70.91) 396(75.92)
   Other Race 2290(10.15) 52(7.26)
Marital, N (%) < 0.0001
   Married 10,340(57.95) 309(52.14)
   Never married 3198(16.77) 46(6.37)
   Others 5666(25.28) 297(41.50)
Education, N (%) < 0.0001
   Below high school 2465(6.31) 129(14.12)
   High school 7639(36.71) 299(46.40)
   Over high school 9100(56.98) 224(39.48)
Smoke, N (%) < 0.0001
   Active 4280(23.15) 123(19.33)
   Former 4786(24.30) 289(44.66)
   Never 10,138(52.54) 240(36.01)
Alcohol user, N (%) < 0.0001
   Active 9331(55.53) 124(21.01)
   Former 6257(28.50) 395(60.15)
   Never 3616(15.97) 133(18.84)
Hyperlipidemia, N (%) 13,993(71.70) 558(86.39) < 0.0001
Hypertension, N (%) 18,628(97.15) 636(96.73) 0.63
Coronary heart disease, N (%) 600(2.57) 259(38.62) < 0.0001
Stroke, N (%) 668(2.52) 138(20.50) < 0.0001
Diabetes, N (%) 4501(18.51) 365(54.78) < 0.0001
Antidiabetic treatment, N (%) 1732(6.42) 211(30.01) < 0.0001
Antihyperlipidemic treatment, N (%) 3187(14.58) 348(52.69) < 0.0001
Antihypertensive treatment, N (%) 5395(23.86) 561(83.70) < 0.0001
Results are presented as means accompanied by the standard error, or as numbers and percentages, as appropriate

HDL cholesterol: high-density lipoprotein HDL cholesterol; LDL cholesterol: low-density lipoprotein cholesterol
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Table 2 Baseline characteristics across IBI quartiles
Variables Quantile 1 Quantile 2 Quantile 3 Quantile 4 P value
N 4984 4939 4969 4964
Inflammatory burden index 0.08(0.00) 0.26(0.00) 0.66(0.00) 3.78(0.09) < 0.0001
Age (years) 43.02(0.29) 47.18(0.34) 48.65(0.36) 48.59(0.36) < 0.0001
Height (cm) 170.17(0.19) 169.62(0.21) 168.53(0.23) 167.07(0.21) < 0.0001
Weight (kg) 73.13(0.29) 80.37(0.32) 84.65(0.42) 91.07(0.51) < 0.0001
Body mass index (kg/m2) 25.11(0.08) 27.77(0.09) 29.67(0.13) 32.57(0.17) < 0.0001
Waist circumference (cm) 89.10(0.25) 96.76(0.23) 101.29(0.31) 107.07(0.36) < 0.0001
Hemoglobin (g/dl) 14.48(0.04) 14.57(0.04) 14.43(0.04) 14.05(0.04) < 0.0001
Alanine aminotransferase (U/L) 24.31(0.25) 26.56(0.26) 27.08(0.32) 26.00(0.40) < 0.0001
Aspartate aminotransferase (U/L) 25.45(0.21) 25.86(0.19) 26.05(0.22) 25.76(0.33) 0.100
Total bilirubin (mg/dl) 0.83(0.01) 0.78(0.01) 0.74(0.01) 0.68(0.01) < 0.0001
Albumin (g/dl) 4.40(0.01) 4.32(0.01) 4.22(0.01) 4.04(0.01) < 0.0001
Creatinine (mg/dl) 0.89(0.00) 0.90(0.00) 0.90(0.01) 0.89(0.01) 0.060
Uric acid (mg/dl) 5.11(0.03) 5.44(0.03) 5.56(0.03) 5.64(0.03) < 0.0001
Triglyceride (mg/dl) 208.23(2.81) 234.12(3.43) 251.26(4.76) 237.73(3.61) < 0.0001
Total cholesterol (mg/dl) 191.66(0.67) 199.79(0.81) 203.00(0.89) 199.42(0.81) < 0.0001
HDL cholesterol (mg/dl) 57.46(0.31) 53.19(0.33) 51.52(0.33) 50.63(0.31) < 0.0001
LDL cholesterol (mg/dl) 92.96(0.75) 100.44(0.78) 101.91(0.84) 101.74(0.90) < 0.0001
Male, N (%) 2727(52.91) 2657(53.78) 2309(46.41) 1933(37.85) < 0.0001
Race/ethnicity, N (%) < 0.0001
   Mexican American 779(7.00) 978(8.44) 996(8.44) 1013(9.08)
   Non-Hispanic Black 1053(10.89) 867(9.62) 927(10.33) 972(12.18)
   Non-Hispanic White 2456(70.07) 2467(71.28) 2504(71.91) 2502(70.95)
   Other Race 696(12.04) 627(10.66) 542(9.31) 477(7.79)
Marital, N (%) < 0.0001
   Married 2594(57.22) 2776(59.68) 2695(59.17) 2584(54.92)
   Never married 1114(21.00) 748(15.74) 679(13.42) 703(15.21)
   Others 1276(21.78) 1415(24.58) 1595(27.42) 1677(29.87)
Education, N (%) < 0.0001
   Below high school 520(5.24) 673(6.89) 741(7.16) 660(6.86)
   High school 1805(31.88) 1964(37.13) 2048(38.81) 2121(41.02)
   Over high school 2659(62.89) 2302(55.98) 2180(54.03) 2183(52.11)
Smoke, N (%) < 0.0001
   Active 1021(19.91) 1073(23.22) 1134(24.11) 1175(25.74)
   Former 1140(23.23) 1271(25.38) 1323(24.54) 1341(26.24)
   Never 2823(56.86) 2595(51.40) 2512(51.35) 2448(48.02)
Alcohol user, N (%) < 0.0001
   Active 2617(58.80) 2338(53.96) 2273(53.83) 2227(51.52)
   Former 1431(24.79) 1695(30.31) 1753(30.17) 1773(32.53)
   Never 936(16.42) 906(15.73) 943(16.00) 964(15.95)
Hyperlipidemia, N (%) 3069(60.64) 3675(73.28) 3888(77.79) 3919(78.73) < 0.0001
Hypertension, N (%) 4805(96.55) 4807(97.52) 4837(97.52) 4815(97.05) 0.110
Coronary heart disease, N (%) 142(2.30) 190(2.85) 258(4.37) 269(4.33) < 0.0001
Stroke, N (%) 126(1.99) 169(2.20) 230(3.32) 281(4.54) < 0.0001
Diabetes, N (%) 761(11.47) 1092(16.62) 1319(21.18) 1694(30.43) < 0.0001
Antidiabetic treatment, N (%) 324(4.44) 422(5.73) 521(7.09) 676(11.42) < 0.0001
Antihyperlipidemic treatment, N (%) 723(12.21) 940(16.28) 995(17.50) 877(16.32) < 0.0001
Antihypertensive treatment, N (%) 998(16.03) 1407(23.93) 1655(28.41) 1896(34.86) < 0.0001
Results are presented as means accompanied by the standard error, or as numbers and percentages, as appropriate

Quartile 1 (IBI < 0.15), Quartile 2 (IBI: 0.15–0.403), Quartile 3 (IBI: 0.403–1.072), and Quartile 4 (IBI > 1.072)

IBI: inflammatory burden index; HDL cholesterol: high-density lipoprotein HDL cholesterol; LDL cholesterol: low-density lipoprotein cholesterol
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between IBI and HF risk, as described in Table 3. In the 
unadjusted model (model 1), we observed that, compared 
to Quartile 1, the risk of HF was significantly higher in 
Quartiles 3 (OR = 2.19, 95% CI: 1.57 to 3.05, p < 0.001), 
and 4 (OR = 3.76, 95% CI: 2.71 to 5.20, p < 0.001). After 
adjusting for age, gender, race/ethnicity, height, weight, 
BMI, marital status, education, smoking status, alcohol 
use, and waist circumference, we still found that elevated 
IBI was associated with a higher risk of HF (model 2, p for 
trend < 0.001). In model 3, which adjusted for all poten-
tial confounders, including age, gender, race/ethnicity, 
height, weight, BMI, marital status, education, smoking 
status, alcohol use, waist circumference, hemoglobin, ala-
nine aminotransferase, aspartate aminotransferase, total 
bilirubin, creatinine, uric acid, triglycerides, total choles-
terol, HDL cholesterol, LDL cholesterol, hyperlipidemia, 
hypertension, coronary heart disease, stroke, diabetes, 
antidiabetic treatment, antihyperlipidemic treatment, 
and antihypertensive treatment, we persistently observed 
a higher risk of HF in Quartile 4 compared to Quartile 
1 (OR = 1.46, 95% CI: 1.02 to 2.10, p = 0.04). Additionally, 
we consistently observed a significant p for trend across 
models 1, 2, and 3.

Table 3 Association between inflammatory burden index and 
risk of heart failure
Models Variables OR 95% CI P value P for trend
Model 1 Quantile 1 Reference Reference < 0.001

Quantile 2 1.11 0.77 to 1.59 0.59
Quantile 3 2.19 1.57 to 3.05 < 0.0001
Quantile 4 3.76 2.71 to 5.20 < 0.0001

Model 2 Quantile 1 Reference Reference < 0.001
Quantile 2 0.67 0.46 to 0.98 0.04
Quantile 3 1.04 0.73 to 1.49 0.82
Quantile 4 1.57 1.12 to 2.20 0.01

Model 3 Quantile 1 Reference Reference < 0.001
Quantile 2 0.72 0.48 to 1.10 0.12
Quantile 3 1.06 0.70 to 1.61 0.76
Quantile 4 1.46 1.02 to 2.10 0.04

Quartile 1 (IBI < 0.15), Quartile 2 (IBI: 0.15–0.403), Quartile 3 (IBI: 0.403–1.072), and 
Quartile 4 (IBI > 1.072)

Model 1: none was adjusted

Model 2: Age, sex, race/ethnicity, height, weight, body mass index, marital, 
education, smoke, alcohol user and waist circumference were adjusted;

Model 3: Age, sex, race/ethnicity, height, weight, body mass index, marital, 
education, smoke, alcohol user and waist circumference, hemoglobin, alanine 
aminotransferase, aspartate aminotransferase, total bilirubin, creatinine, 
uric acid, triglyceride, total cholesterol, HDL cholesterol, LDL cholesterol, 
hyperlipidemia, hypertension, coronary heart disease, stroke, diabetes, 
antidiabetic treatment, antihyperlipidemic treatment, and antihypertensive 
treatment were adjusted

IBI: inflammatory burden index; HDL cholesterol: high-density lipoprotein HDL 
cholesterol; LDL cholesterol: low-density lipoprotein cholesterol

Fig. 2 The prevalence of heart failure across the four quartiles of inflammatory burden index. Quartile 1 (IBI < 0.15), Quartile 2 (IBI: 0.15–0.403), Quartile 3 
(IBI: 0.403–1.072), and Quartile 4 (IBI > 1.072) IBI: inflammatory burden index
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Restricted cubic spline analysis
In order to further evaluate the dose-response asso-
ciation between IBI and the risk of HF, we conducted a 
restricted cubic spline analysis while controlling for the 
same confounding variables employed in models 1, 2, 
and 3. The findings of the analysis revealed a positive-
linear correlation between IBI and HF risk, regardless of 
whether no adjustments, partial adjustments, or compre-
hensive adjustments were made for confounding vari-
ables, as illustrated in Fig. 3.

Subgroup analysis
To examine the correlation between IBI and the risk 
of HF across various subgroups, we conducted a sub-
group analysis. Figure  4 elucidates that the association 
between IBI and the likelihood of HF persisted as signifi-
cant across the majority of subgroups, including gender, 
race/ethnicity, marital status, educational level, smoking 
behaviors, alcohol usage, hyperlipidemia, coronary artery 
disease, cerebrovascular incidents, and diabetes mellitus. 
Nevertheless, the association was attenuated in never-
married individuals and those without cerebrovascular or 
treatment histories.

Discussion
Key findings
To our knowledge, this investigation is the first attempt 
to examine the correlation between IBI and the risk of HF 

within a substantial sample cohort. The findings of this 
study indicated a significant relationship between ele-
vated IBI levels and an increased risk of HF. Participants 
diagnosed with HF exhibited markedly higher levels of 
IBI, with the prevalence of HF rising across IBI quartiles, 
ranging from 1.20% in Quartile 1 to 4.37% in Quartile 4 
(p for trend < 0.001). This association persisted even after 
controlling for confounding variables, yielding an OR of 
1.46 (95% CI: 1.02 to 2.10, p = 0.04) for Quartile 4 in com-
parison to Quartile 1. Moreover, restricted cubic spline 
analysis demonstrated a considerable positive-linear 
association between IBI and the risk of HF. Addition-
ally, subgroup analyses revealed a consistent association 
across various demographic categories and comorbid 
conditions, although certain subgroups manifested non-
significant outcomes.

Relationship between inflammation and HF
A persistent inflammatory reaction is a crucial character-
istic of HF [28, 29], and it is related to both the severity 
and prognosis of HF. In 1990, Levine et al. [30]. detected a 
possible link between HF and inflammation. They found 
that individuals with chronic HF had higher levels of 
TNF than healthy people of the same age (115 ± 25 U/mL 
vs. 9 ± 3 U/mL, p < 0.001). Also, higher levels of TNF were 
linked to more advanced HF, which suggests that high 
levels of TNF are a marker of HF severity. Following this, 
many studies have shown that the inflammatory reaction 

Fig. 3 Restricted cubic spline analysis of inflammatory burden index and risk of heart failure None was adjusted in the left panel; Age, gender, race/eth-
nicity, height, weight, BMI, marital status, education, smoking status, alcohol use, and waist circumference were adjusted in the middle panel; Age, gender, 
race/ethnicity, height, weight, BMI, marital status, education, smoking status, alcohol use, waist circumference, hemoglobin, alanine aminotransferase, 
aspartate aminotransferase, total bilirubin, creatinine, uric acid, triglycerides, total cholesterol, HDL cholesterol, LDL cholesterol, hyperlipidemia, hyperten-
sion, coronary heart disease, stroke, diabetes, antidiabetic treatment, antihyperlipidemic treatment, and antihypertensive treatment were adjusted in the 
right panel HDL cholesterol: high-density lipoprotein HDL cholesterol; LDL cholesterol: low-density lipoprotein cholesterol
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continues to cause cardiac dysfunction and the worsen-
ing of HF. In a rat model, Bozkurt et al. [31]. found that 
TNF-αleads to left ventricular disfunction and remodel-
ing. In addition, Torre-Amione et al. [32] found that fail-
ing hearts express higher concentrations of TNF-α. They 
further observed that levels of TNF-αand IL-6 were also 
considerably higher in HF patients compared to controls 
[33]. Moreover, higher levels of these inflammatory fac-
tors were linked to worsening heart function, showing 
that inflammation are essential in the pathophysiology 
of HF. In addition, the use of anti-inflammatory drugs 
has substantially improved the prognosis of HF patients, 

including reductions in hospitalization for HF and HF-
related mortality [34]. In alignment with prior literature 
[30–32], the present investigation similarly recognizes 
IBI as exhibiting a strong correlation with HF. This asso-
ciation demonstrates a positive linear relationship, indi-
cating that higher concentrations of IBI are associated 
with an increased risk of HF.

Clinical implications
It is well-established that inflammation plays a significant 
role in myocardial injury and remodeling [20, 35, 36], 
potentially initiating or aggravating cardiac function. The 

Fig. 4 The relationship between inflammatory burden index and risk of heart failure in different subgroups Quartile 1 (IBI < 0.15), Quartile 2 (IBI: 0.15–
0.403), Quartile 3 (IBI: 0.403–1.072), and Quartile 4 (IBI > 1.072) IBI: inflammatory burden index
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integration of IBI, which encompasses CRP, neutrophil 
and lymphocyte—biomarkers indicative of both acute 
inflammatory responses and the equilibrium of immune 
cell activities—may yield a more comprehensive assess-
ment of inflammatory status compared to the evaluation 
of either biomarker in isolation. Furthermore, the strong 
correlation noted across diverse subgroups, such as gen-
der, race, and the presence of comorbidities, further sup-
ports the prospective utility of IBI as a suitable biomarker 
to access the risk of HF. From a clinical perspective, these 
revelations could facilitate the stratification of patients 
according to inflammation-related risk factors, thereby 
informing more individualized strategies for monitoring 
and treatment. For example, individuals exhibiting ele-
vated IBI levels may be prioritized for intensive lifestyle 
modifications [37–39] or pharmacological interventions 
[34, 40] aimed at mitigating inflammatory load and then 
reduce the risk of HF. In addition, as IBI requires only 
routine lab parameters, it could serve as a cost-effective 
screening tool in primary care settings. The simplic-
ity and accessibility of IBI make it an attractive option 
for widespread use, as it would not require specialized 
equipment or extensive patient testing. By utilizing exist-
ing laboratory data, primary care providers could eas-
ily identify individuals at elevated risk for heart failure, 
facilitating earlier interventions and potentially reducing 
hospitalizations.

Potential limitations
Although the evidence of the present investigation is 
supported by a substantial sample size and representa-
tive data, several limitations warrant consideration. First, 
the cross-sectional design of the study inhibits the ability 
to determine a causal relationship between IBI and HF. 
Therefore, longitudinal investigations or mendelian ran-
domization analysis are essential to further validate the 
causal association. Second, although our adjustments 
for various confounding variables, residual confound-
ing stemming from unmeasured or inaccurately defined 
factors may potentially affect the observed associations. 
Third, the assessment of CRP and NLR at a single time 
point may insufficiently capture the complexity in inflam-
matory levels that could arise from transient health con-
ditions or therapeutic interventions. Finally, another 
limitation of this study is the reliance on self-reported 
data for HF diagnosis, which may introduce potential 
bias.

Conclusion
In summary, this study demonstrates that elevated IBI 
correlates with an increased susceptibility to HF. These 
results support the role of systemic inflammation in the 
pathophysiological mechanisms underlying HF, under-
scoring the prospective utility of IBI as a prognostic 

indicator for the identification of individuals at high 
risk of HF. Given that HF persistently represents a pre-
dominant contributor to morbidity and mortality, the 
incorporation of innovative biomarkers such as IBI may 
serve a pivotal function in facilitating early detection 
and preventive measures, ultimately enhancing clinical 
outcomes.
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