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Abstract
Background Presently, the majority of investigations primarily evaluate the correlation between triglyceride-glucose 
index (TyGI) with lung diseases, such as asthma. However, they did not delve into the correlation between TyGI and 
inflammatory responses related to the disease. Few studies have explored the association between TyGI and blood 
eosinophil count (BEOC). Thus, National Health and Nutrition Examination Survey (NHANES) data were used in this 
study to evaluate the correlation between TyGI and BEOC in individuals with asthma.

Methods This study investigated 3902 individuals with asthma. Linear regression analysis was performed to 
investigate the association between TyGI and BEOC in patients with asthma. Subsequently, the GAM and threshold 
effect models were used to validate the presence of either a nonlinear or linear association between TyGI and BEOC. 
Finally, stratified analyses were conducted to ascertain the correlations between different subgroups.

Results Four linear regression models confirmed a positive linear correlation between TyGI and BEOC in patients 
with asthma. In Model D, which controlled for all covariates, BEOC increased by 12.44 cells/uL for every extra unit of 
TyGI. The GAM and threshold effect models further verified the positive linear correlation between TyGI and BEOC. 
The XGBoost model indicated that the six most significant variables influencing BEOC, in order of relative importance, 
were age, cholesterol level, body mass index (BMI), poverty-to-income ratio (PIR), BNEUC, and TyGI.

Conclusions In patients with asthma, the study discovered a linear positive correlation between TyGI and BEOC. This 
indicates a potential connection between TyGI and alterations in the immune status of individuals with asthma, which 
may help detect abnormalities in a timely manner and provide a reference for clinical decision-making. This study 
offers fresh insights for the future exploration of the management and treatment of asthma.
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Introduction
Asthma is one of the most prevalent chronic noncommu-
nicable diseases globally. It is known to cause intermit-
tent and unpredictable symptoms such as bronchospasm 
and airway inflammation. Symptoms include dyspnea, 
chest tightness, wheezing, coughing, and expectora-
tion. Today, the number of people affected by this con-
dition has surpassed 350  million globally, with a steady 
increase in recent decades. Tragically, asthma claims the 
lives of 250,000 individuals annually [1, 2]. In addition 
to its symptoms and potentially life-threatening conse-
quences, the costs associated with asthma are increasing. 
Medical expenses associated with asthma in the United 
States saw a significant rise from US$39.3 billion in 2008 
to US$67.5  billion in 2012. The total cost of asthma-
related expenses between 2008 and 2013 amounted to 
US$81.9 billion [3]. Asthma contributes to more than 1% 
of the global burden of disability-adjusted life years [4]. 
Furthermore, substantial nonmedical expenses are asso-
ciated with absenteeism, sick leave, disability pensions, 
and death [5].

In addition to asthma symptoms that occur without 
warning, they can also be triggered by factors such as 
exercise or cold air [6]. The various clinical manifesta-
tions of asthma reflect the complex interplay between 
structural and immune cells, each of which contributes 
to a distinct disease mechanism. Blood and tissue eosino-
philia are characteristics of allergic inflammation and 
asthma and are related to the significant production of 
the TH2 cytokines IL-4, IL-5, and IL-13 [7]. During aller-
gen exposure in early-onset allergic asthma, Th2 cells are 
activated, triggering an inflammatory cascade that leads 
to eosinophilic airway inflammation [8]. Eosinophils 
release a wide range of mediators, cytotoxic products, 
as well as various cytokines, growth factors, and chemo-
kine derivatives. Certain lipid mediators such as leukot-
riene C4 and platelet-activating factors play significant 
roles in bronchoconstriction and secretion, contributing 
to the development of airway hyperresponsiveness [9]. 
Eosinophilic airway inflammation is a crucial factor that 
can be effectively treated in chronic respiratory diseases. 
Recently, notable advancements have been made in the 
development of drugs that specifically target this feature. 
These include monoclonal antibodies and small-mole-
cule drugs that focus on IL-5 or IL-5Rα, such as mepoli-
zumab, reslizumab, and benralizumab. These drugs have 
been proven to be most effective in selectively inhibiting 
eosinophilic airway inflammation [10]. Eosinophils have 
a significant effect on the onset, progression, and man-
agement of asthma.

A significant correlation exists between metabolism 
and inflammation, both of which are highly sought-after 
subjects in the field of lung diseases. The TyGI is a use-
ful tool for assessing metabolic dysfunction. It involves 

measuring triglyceride and blood glucose levels in the 
fasting blood. Irregularity frequently signifies metabolic 
disorders and is associated with metabolic syndrome 
[11]. Studies have linked TyGI to an increased risk of lung 
diseases. Factors such as metabolic syndrome and insulin 
resistance cannot fully explain this association. TyG is a 
biomarker of defective lung function [12]. Another study 
revealed that patients with elevated TyGI levels had a 
6% higher risk of severe asthma exacerbations, irrespec-
tive of other predictors. This suggests that elevated TyGI 
levels contribute to the severity of asthma. Identifying 
patients who may benefit from a more intensive asthma 
treatment is crucial for improving asthma morbidity.

To date, most studies have focused on TyGI, asthma, 
and lung illnesses. Few studies have investigated the TyGI 
and BEOC in patients with asthma. For the moment, this 
is the first study to link TyGI to BEOC in patients with 
asthma. The relationship between TyGI and BEOC was 
examined in asthmatic patients using National Health 
and Nutrition Examination Survey (NHANES) data. This 
study aimed to elucidate the role of TyGI in asthma.

Materials and methods
Data source and study population
The Centers for Disease Control and Prevention (CDC) 
conducts the NHANES every two years to gather infor-
mation on the nutrition and health status of Americans. 
The NHANES employs a sophisticated, stratified sam-
pling methodology to select samples of non-institution-
alized citizens that accurately reflect the population. The 
NHANES database was authorized by the NCHS Insti-
tutional Review Board in compliance with the updated 
Helsinki Declaration. Informed consent forms were com-
pleted prior to the implementation of data collection 
protocols and comprehensive health assessments. Four 
NHANES cycles from 2011 to 2018 provided data for this 
analysis. The exclusion criteria were as follows: [1] indi-
viduals with asthma or those without asthma [2], indi-
viduals with missing serum triglyceride or fasting glucose 
data, and [3] individuals with missing BEOC data. Finally, 
the investigation included a cohort of 3,902 patients with 
asthma. A visual representation of the screening proce-
dure is shown in Fig. 1.

Assessment of BEOC and TyGI
A quantitative and automated hematologic analyzer and 
leukocyte differential cell counter (Beckman Coulter 
HMX) were utilized for blood differential counts. This 
device was designed for in vitro diagnostic applications 
in clinical laboratories. The TyGI was calculated using 
the following formula: ln (fasting triglyceride [mg/dL] 
× fasting glucose [mg/dL]/2). Triglycerides were quan-
tified using enzymatic assays on a Roche Modular P. 
Using Roche/Hitachi Cobas C 501 chemical analyzers, a 
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hexokinase-mediated reaction was used to quantify fast-
ing glucose.

Covariates
Covariates were included in the analysis to mitigate the 
potential impact of confounding variables. The covariates 
included in the analysis were sex, age, ethnic background, 
education, poverty-to-income ratio (PIR), marriage, body 
mass index (BMI), smoking behavior (those who have 
consumed more than one thousand cigarettes through-
out their lives are classified as smokers; those who have 
not smoked throughout their lives are classified as non-
smokers), alcohol consumption, history of high blood 
pressure, diabetes, cardiovascular disease (CVD), and 
chronic obstructive pulmonary disease (COPD), hay 
fever, usage of glucocorticoids (whether glucocorticoids 
were used in the past 30 days), serum cholesterol, gly-
cohemoglobin, and blood neutrophil count (BNEUC). 
Asthma diagnosis was ascertained by administering 
standardized questionnaires during individual visits. 
The evaluative query was formulated as follows: “Have 
you ever received a diagnosis of asthma from a medical 
expert?” Respondents who answered yes were placed in 
the group of people diagnosed with asthma.

Statistical analysis
Initially, TyGI was divided into three distinct tertile 
groups. The weighted chi-square test was used to com-
pute P-value for categorical variables. For continuous 
variables, the Kruskal–Wallis rank-sum test was used to 
calculate the P-value. When the count variable was less 
than 10, the P-value was computed using Fisher’s exact 
probability test. Additionally, four linear regression anal-
yses were performed to evaluate the association between 
TyGI and BEOC in the asthma population. Model A did 
not make any adjustments; Model B controlled for age, 
ethnic background, and sex; Model C controlled for sex, 
race, BMI, diabetes, serum cholesterol, glycohemoglobin, 
and BNEUC; and Model D controlled for all covariates. 
In the multivariate regression analysis (Models C and D), 
covariates were controlled to satisfy any one of the fol-
lowing criteria: [1] a variable was controlled for that, if 
included in the model, would alter the effect estimate 
by a minimum of 10%; and [2] variables were addition-
ally chosen based on prior research and the constraints 
of the database. Furthermore, various statistical meth-
ods have been utilized, such as the trend test, GAM, and 
threshold effect analysis, to examine potential nonlinear 
or linear connections between TyGI and BEOC. Addi-
tionally, subgroup analyses were performed to investi-
gate the correlation between TyGI and BEOC in various 

Fig. 1 A flowchart for selecting populations for analysis

 



Page 4 of 9Wen et al. Lipids in Health and Disease          (2024) 23:149 

subgroups. Interaction tests were conducted to examine 
whether individual characteristics influenced the cor-
relation between TyGI and BEOC. Finally, the XGBoost 
model was used to assess the impact of different indica-
tors on the BEOC. Sample weights were used to address 
the intricate sampling design of the NHANES. Statisti-
cal analyses were performed using R software (version 
4.2.0). The P-value below 0.05 was set to be statistically 
significant.

Results
Fundamental attributes of the analyzed people
Table 1 provides an overview of the basic features of the 
3,902 individuals with asthma classified based on their 
TyGI tertiles. The study population had a mean age of 
40.5 years, with the majority being individuals of non-
Hispanic white ethnicity. Statistical analysis revealed a 
significant distribution of age, sex, ethnic background, 
marital status, BMI, smoking, hypertension, diabetes, 
hay fever, CVD history, glucocorticoid use, serum cho-
lesterol, glycohemoglobin, BNEUC, and BEOC across the 
TyGI tertiles (P-value < 0.05). However, no statistically 
significant variations (P-value > 0.05) in education, PIR, 
alcohol intake, or COPD were observed among the dif-
ferent TyGI tertiles. The populations in the higher TyGI 
tertiles had a higher BEOC than those in the lower TyGI 
tertiles.

The relationship between TyGI and BEOC
Four linear regression models were used to assess the 
correlation between the TyGI and BEOC in patients with 
asthma (Table 2). Univariate and multivariate regression 
analyses indicated a negative correlation between TyGI 
and BEOC. In Model D, which considered all covariates, 
the BEOC showed an increase of 12.44 cells/µL for every 
extra unit of TyGI. Additionally, the trend test confirmed 
a straight-line connection between TyGI and BEOC in 
models A, B, and C (P for trend < 0.05). However, the 
analysis indicated that Model D did not demonstrate a 
linear correlation (P > 0.05). Therefore, this correlation 
was validated using other statistical models.

Dose-response relationship and threshold effect analysis
GAM was used to test the linear or nonlinear correla-
tion between TyGI and BEOC. A smooth-fit curve from 
the GAM appropriately portrayed a Model D connec-
tion (Fig.  2). Even after controlling for full covariates, 
the TyGI of patients with asthma correlated linearly with 
BEOC. The threshold effect model displays a log-likeli-
hood ratio P-value greater than 0.05, indicating that the 
inflection point is not statistically significant. Therefore, 
the one-line model better depicts TyGI’s relationship 
with the BEOC. The above investigations show a positive 
linear connection between TyGI and BEOC (See Table 3).

Stratified correlation of TyGI with BEOC
Stratified analyses were performed to evaluate the associ-
ation between TyGI and BEOC in the various subgroups. 
The results, stratified by sex, age, race, BMI, hyperten-
sion, diabetes, COPD, hay fever, CVD, and glucocorticoid 
use, are shown in Supplementary Table 1. Based on these 
outcomes, it is likely that a linearly positive correlation 
between TyGI and BEOC existed for people younger than 
40 years who did not have diabetes, COPD, hay fever, 
CVD, or were not taking glucocorticoids. Furthermore, 
an interactive effect between glucocorticoids, TyGI, and 
BEOC was observed (P-value for interaction < 0.05).

XGBoost model
The XGBoost algorithm model was adopted to assess the 
significance of each variable with respect to its impact on 
the BEOC. This model evaluated all variables except the 
BEOC. The XGBoost model revealed that the BEOC was 
primarily influenced by six variables ranked in descend-
ing order of relative importance: age, cholesterol, BMI, 
PIR, BNEUC, and TyGI (Fig. 3).

Discussion
This study represents the first cross-sectional investi-
gation to date that quantified the connection between 
TyGI and BEOC in patients with asthma. This investi-
gation revealed that those in higher TyGI tertiles had 
increased BEOC compared to those in lower TyGI ter-
tiles. Initially, univariate and multivariate regression 
analyses were performed to investigate the correlation 
between TyGI and BEOC. A positive linear connection 
was discovered between TyGI and BEOC in models A, 
B, and C. However, model D did not show a significant 
linear association. To validate the connection, a GAM 
and a threshold effect model were implemented. After 
considering all covariates, a positive linear correlation 
was found between TyGI and BEOC in individuals with 
asthma. Stratified analysis showed a strong linear positive 
link between TyGI and BEOC in people under 40 years 
of age who did not have diabetes, COPD, hay fever, or 
CVD and who did not take glucocorticoids. Ultimately, 
the XGBoost model showed that the top six variables 
with the most substantial impact on BEOC, ranked in 
descending order of importance, were age, cholesterol, 
BMI, PIR, BNEUC, and TyGI.

Eosinophils possess intricate structures and perform 
various functions. They possess a diverse array of surface 
molecules and receptors, including important cell mem-
brane receptors such as CCR3, Siglec-8, and IL-5RA. 
Furthermore, eosinophils also possess receptors for vari-
ous cytokines and growth factors, such as interleukin 4, 
interleukin 13, interleukin 33, and TGF-β [13]. Type 2 
inflammation, which primarily affects the blood and air-
way eosinophils, is the cause of many cases of asthma. In 
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asthma, there is an increase in the contraction and sensi-
tivity of airway smooth muscles, which can cause exces-
sive narrowing of the airways. This is due to the release of 
certain substances by mast cells and eosinophils, leading 
to an increased responsiveness of the airways [6]. Over 
time, eosinophils can disrupt the delicate balance of the 

respiratory microenvironment. This leads to a range of 
significant outcomes linked to changes in the airways, 
such as decreased lung function and limited ability to 
respond to bronchodilators in individuals with asthma, 
as well as airflow blockage in those with chronic sinusitis 
and nasal polyps [14]. Research has indicated that clinical 

Table 1 Fundamental attributes of study populations according to tertile of TyGI
T1 (6.25–8.19) T2 (8.20–8.81) T3 (8.82–13.09) P value

Gender (%) 0.006
Male 38.63 40.82 46.85
Female 61.37 59.18 53.15
Age (years) 32.92 ± 0.79 42.26 ± 0.79 46.82 ± 0.62 < 0.0001
Race (%) < 0.0001
Other Race 20.34 20.77 24.25
Non-Hispanic White 57.59 68.14 68.4
Non-Hispanic Black 22.06 11.09 7.35
Education (%) 0.5511
Under high school 14.39 13.77 15.03
High school 21.84 20.88 23.92
Over high school 63.77 65.35 61.06
Marriage (%) 0.0062
Married 46.31 53.55 54.75
Single 47.51 39.34 38.59
Living with a partner 6.18 7.12 6.66
PIR 2.64 ± 0.08 2.77 ± 0.09 2.66 ± 0.08 0.3037
BMI (kg/m2) 26.28 ± 0.27 29.21 ± 0.34 33.08 ± 0.31 < 0.0001
Smoking (%) 0.0003
Yes 42.08 45.6 51.84
No 57.92 54.4 48.16
Alcohol intake (g) 10.65 ± 1.3 11.35 ± 1.1 9.49 ± 1.09 0.4934
COPD (%) 0.2592
No 90.14 88.66 87.09
Yes 9.86 11.34 12.91
Fay fever (%) 0.0024
No 89.43 87.2 82.5
Yes 10.57 12.8 17.5
Hypertension (%) < 0.0001
No 80.55 71.77 53.61
Yes 19.45 28.23 46.39
Diabetes (%) < 0.0001
No 98.01 94.53 77.54
Yes 1.99 5.47 22.46
CVD history (%) < 0.0001
No 94.03 91.33 81.96
Yes 5.97 8.67 18.04
Usage of glucocorticoids (%) 0.0021
No 86.88 85.71 80.4
Yes 13.12 14.29 19.6
Serum cholesterol (mmol/L) 4.33 ± 0.04 4.8 ± 0.04 5.22 ± 0.05 < 0.0001
Glycohemoglobin (%) 5.29 ± 0.01 5.46 ± 0.02 5.98 ± 0.03 < 0.0001
BNEUC (1000 cells/uL) 3.95 ± 0.06 4.36 ± 0.07 4.91 ± 0.07 < 0.0001
BEOC (cells/uL) 215.65 ± 7.3 232.93 ± 8.16 255.68 ± 7.4 0.0056
Note: The continuous and categorical data were presented individually as means ± SD and proportions, respectively. T1-T3: Grouped by quartile according to TyGI 
index. TyGI: triglyceride-glucose index. BNEUC: blood neutrophil count. BEOC: blood eosinophil count
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factors such as age can affect blood eosinophil counts. 
Additionally, the distribution and range of this count 
can differ among various study populations. However, 

it is important to consider this when making treatment 
decisions for respiratory diseases [15]. Minimizing the 
occurrence of asthma attacks is the primary objective 
of modern asthma treatment. According to certain lit-
erature, there is evidence that timely anti-inflammatory 
treatment can be facilitated by predicting asthma attacks 
through BEOC and exhaled nitric oxide [16]. Considering 
the significance of the BEOC in asthma, it was included 
as a focal point in this study.

Metabolic comorbidities such as dyslipidemia and 
diabetes are frequently observed in individuals with 
asthma. These conditions are associated with reduced 
lung function, heightened respiratory symptoms, and a 

Table 2 Correlation of TyGI with BEOC within asthmatics
Model A Model B Model C Model D
β (95% CI) P 
value

β (95% CI) P 
value

β (95% CI) P 
value

β (95% CI) 
P value

TyGI 16.94 (9.05, 
24.84) < 0.0001

13.21 (4.58, 
21.84) 
0.0027

13.87 (3.08, 
24.66) 
0.0118

12.44 (1.53, 
23.35) 
0.0254

TyGI 
tertiles
T1 
(6.25–8.19)

Reference Reference Reference Reference

T2 
(8.20–8.81)

6.37 (-8.28, 
21.02) 0.3942

2.92 (-12.21, 
18.05) 
0.7054

4.02 (-11.27, 
19.30) 
0.6065

3.02 
(-12.47, 
18.52) 
0.7022

T3 
(8.82–13.09)

27.32 (12.75, 
41.90) 0.0002

20.05 (4.26, 
35.83) 
0.0128

20.17 (2.69, 
37.65) 
0.0238

17.37 
(-0.39, 
35.14) 
0.0553

Pfor trend 0.0002 0.0115 0.0249 0.0562
Note: Model A controlled for none. Model B controlled for sex, age, and race. 
Model C controlled for sex, race, BMI, diabetes, cholesterol, glycohemoglobin, 
and BNEUC. Model D controlled for all covariates

Table 3 Threshold effect analysis of TyGI and BEOC
β (95% CI) P value

Model 1
linear effect 12.44 (1.53, 23.35) 0.0254
Model 2
Inflection point (K) 7.52
TyGI < K 47.01 (-39.65, 133.68) 0.2877
TyGI > K 11.11 (-0.29, 22.51) 0.0561
Pfor log likelihood ratio 0.429
Note: Both model 1 and 2 controlled for all covariates

Fig. 2 One sample per graph dot. A solid red line displays the correlation of TyGI with BEOC. A dotted blue line indicates suitable 95% confidence ranges
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greater likelihood of disease exacerbation [17, 18]. TyGI 
is a recently developed marker that may help assess 
insulin resistance and associated metabolic disorders. 
It considers the impact of glucotoxicity and lipotoxic-
ity, which are both important factors that contribute 
to insulin resistance [19, 20]. Elevated TyGI levels are 
strong indicators of cardiovascular and cerebrovascular 
diseases. Research has indicated that elevated TyGI lev-
els are linked to respiratory symptoms and restrictive 
spirometry patterns, regardless of BMI index or comor-
bid cardiovascular disease. This suggests that TyGI may 

be a useful biomarker for assessing lung health [12]. 
A comprehensive analysis found that individuals with 
elevated TyGI levels had a greater risk of severe asthma 
exacerbations than those with normal TyGI levels. This 
risk remained significant even after accounting for fac-
tors such as eosinophil count, smoking, and etc. [21]. 
Thus, TyGI can increase the risk of asthma exacerbation, 
regardless of traditional predictors. TyGI is associated 
with various lung diseases and not just asthma. A recent 
study found a strong association between C-reactive pro-
tein levels, TyGI, lung function, and cognitive function. 

Fig. 3 The XGBoost model provided the relative importance of each indicator on BEOC, along with the corresponding indicator importance score for 
every indicator
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These factors appear to have a significant impact on each 
other, suggesting their potential mediating role [22]. Fur-
thermore, elevated TyGI levels have been recognized as 
likely risk biomarkers for future COPD events in women. 
TyGI has shown that the onset of obstructive pulmonary 
disease may precede insulin resistance. This suggests that 
TyGI measurement could serve as a simple and valuable 
tool for predicting COPD in women [23].

Study strengths and limitations
The TyGI and BEOC have rarely been studied. For the 
moment, this is the first study to link TyGI to BEOC in 
patients with asthma. To correct for confounding fac-
tors, the association between TyGI and BEOC in the 
different groups was studied using a stratified analysis. 
The XGBoost model was used to assess the significance 
of specific indicators linked to the BEOC. Unlike other 
machine learning models, XGBoost can handle large 
datasets quickly, nonlinear relationships, and accurate 
predictions. This study provides new insights into asthma 
management and therapy. However, there is some cer-
tain constraints in this study. Most data were collected 
from the American public, but dietary trends may dif-
fer between countries because of disparities in coun-
try development. Due to the constraints inherent in the 
cross-sectional study design, it was unable to definitively 
show a cause-and-effect correlation between TyGI and 
BEOC. In addition, patients with asthma were selected 
according to a questionnaire rather than pulmonary 
function testing. This investigation did not include other 
atopic disorders owing to database limitations. Patients’ 
medical status at the time of blood collection, includ-
ing whether they had acute or remitted asthma, was not 
ascertainable.

Conclusion
This study revealed a positive linear connection between 
TyGI and BEOC in individuals with asthma. This sug-
gests a correlation between TyGI and abnormal immune 
system status in individuals with asthma, which may help 
detect abnormalities in the latter and provide a reference 
for clinical decision-making. These findings offer valuable 
insights into the development of innovative approaches 
for asthma treatment. It’s anticipated that there will be 
greater recognition of the significance of TyGI in under-
standing, managing, and treating asthma.
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