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Abstract

Background The impact of insulin resistance (IR) on chronic obstructive pulmonary disease (COPD) has caught
increasing attention, and the triglyceride-glucose (TyG) index and related indices are deemed reliable indicators for
evaluating IR. Nevertheless, the potential associations of TyG and obesity-related indexes with COPD are currently
understudied. Hence, this paper was to inspect the links of TyG and obesity-related indices with COPD.

Methods This was a cross-sectional study based on data from the NHANES 2013-2018. Weighted logistic regression
(WLR), restricted cubic sample (RCS), and receiver operating characteristic (ROC) curves were leveraged to examine
the links of the TyG index and obesity indices with COPD. The stability of the correlations was also assessed via
subgroup analyses.

Results Data from 6383 participants were finally included, including 583 patients with COPD. WLR discovered
positive associations of TyG, TyG-body mass index (TyG-BMI), TyG-waist circumference (TyG-WC), and TyG-waist
height ratio (TyG-WHtR) with COPD regardless of covariate adjustment (p-value <0.05, p for trend test <0.05). After
adjusting for all confounders, RCS analysis signaled notable linear links of TyG and obesity-related indices with COPD
(p-value <0.05, p for nonlinear>0.05). TyG-WHtR showed the highest association with COPD among the indices
tested, albeit with limited discriminative ability (AUC=0.643, 95% Cl: 0.619 ~0.665). Subgroup analyses further
validated the stability and reliability of the results.

Conclusion TyG and its combination with obesity-related indicators are associated with COPD. Among these,
TyG-WHtR showed the strongest association with COPD, although causal relationships cannot be inferred and its
discriminative ability remained modest. Further prospective studies are warranted to validate these findings.
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Background

Chronic obstructive pulmonary disease (COPD), a preva-
lent chronic respiratory disease featured by persistent
airflow limitation, is currently the third leading contrib-
utor to death worldwide [1]. The Global Burden of Dis-
ease survey predicts that COPD cases will increase to
592 million by 2050, a relative increase of 23% [2], pos-
ing an enormous challenge to public health worldwide.
According to recent estimates, the global prevalence of
COPD among adults aged over 40 years is approximately
10% [3], while in the United States, the prevalence among
adults aged 18 years and older was about 6.2% during the
2017-2020 NHANES survey [4]. Thereby, identifying
variables associated with COPD is essential for hypoth-
esis generation and for guiding future longitudinal stud-
ies aimed at disease prevention.

Insulin resistance (IR) is featured by the reduced effec-
tiveness of insulin in promoting glucose uptake and uti-
lization. Previous articles have elicited a higher risk of
metabolic syndrome in COPD patients [5, 6]. Another
study shows higher IR in non-hypoxemic COPD patients
than in healthy subjects [7]. A prospective cohort analysis
in Korea shows that increased IR is related to decreased
FEV1%-predicted and FVC%-predicted [8]. These obser-
vations imply the link of IR with COPD and the deterio-
ration of lung function. The triglyceride-glucose (TyG)
index, calculated from fasting triglyceride and blood
glucose levels, is simple and reliable for assessing IR [9].
Previous reports have clarified the links of the TyG index
with high risk and poor outcomes of metabolism-related
diseases, like coronary heart disease, ischemic stroke,
hypertension, and non-alcoholic fatty liver disease [10—
14]. Recent evidence has illustrated that TyG combined
with obesity-related indices, like TyG-body mass index
(TyG-BMI), TyG-waist circumference (TyG-WC), and
TyG-waist-to-height ratio (TyG-WHtR) may be superior
to a single TyG index, more comprehensively assessing
metabolic risk [15-19]. Nevertheless, the link between
TyG index and obesity-related indices with COPD has
not been clarified.

Hence, the present paper was based on data from the
National Health and Nutrition Examination Survey
(NHANES) database to explore the cross-sectional asso-
ciations between TyG-related indices and COPD, provid-
ing a foundation for hypothesis generation and guiding
future longitudinal studies.

Materials and methods

Study population

This was a cross-sectional study based on the NHANES
database, which is designed to estimate the nutritional
health of Americans using stratified multistage sampling
to obtain large, nationally representative samples with
data on demographics, diets, physical examinations, lab-
oratories, and questionnaires. This article included par-
ticipants from NHANES 2013-2018, and the populations
were excluded for (1) age <20 years; (2) missing data on
major key variables such as fasting glucose, triglycerides,
weight, height, and waist circumference; (3) missing data
on categorical covariates such as diabetes mellitus and
hypertension; and (4) missing data on outcome variables.
Ultimately, 6383 participants were included (Figure S1).
For more detailed information about the NHANES data-
base, please visit (https://www.cdc.gov/nchs/nhanes/).

Outcome variable

COPD was determined by self-reported physician diag-
nosis during interviews using a standardized medical
questionnaire. In the NHANES questionnaires (dataset
of medical conditions), participants were defined as hav-
ing COPD when they responded affirmatively to any of
the following questions, “Has a doctor or other health
professional ever told you that you have COPD/emphy-
sema/chronic bronchitis?”; otherwise, they were defined
as non-COPD patients. This method was utilized in mul-
tiple previous studies [20-25].

Key variables

The primary independent variables encompassed TyG,
TyG-BMI, TyG-WC, and TyG-WHtR. Baseline fasting
glucose and triglyceride data were extracted from the
laboratory data file of NHANES; while weight, height,
and waist circumference data were harvested from the
examination data file. The relevant indicators were com-
puted as follows [15, 26, 27]:

(1) TyG =In [triglycerides (mg/dl) x glucose (mg/dl)/2];
(2) BMI =body mass (kg)/height*(m?);

(3) TyG-BMI = TyG x BMI;

(4) TyG-WC=TyG x waist circumference;

(5) WHIR = waist circumference/height;

(6) TyG-WHIR = TyG x WHtR.

Covariate evaluation

Demographic data were acquired from the demographic
data file, including age, gender, race, education, and mari-
tal status. Marital status was categorized into “Married”
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and “Other” The “Other” group included individuals who
were widowed, divorced, separated, never married, liv-
ing with a partner, refused to answer, responded “don’t
know;” or had missing data. Smoking was categorized
into never smoking (<100 cigarettes in your lifetime),
current smoking (>100 cigarettes in your lifetime and
still smoking), and former smoking (>100 cigarettes in
your lifetime and quit smoking) according to the smok-
ing questionnaire [23, 28]. Laboratory indicators such as
serum alanine aminotransferase (ALT), serum creatinine
(CR), serum uric acid (UA), serum potassium (K), and
serum sodium (Na) were obtained directly from the labo-
ratory data file [19]. Hypertension was diagnosed based
on a self-reported physician diagnosis of hypertension or
a mean of systolic blood pressure from three consecutive
measurements > 130 mmHg or a mean of diastolic blood
pressure from three consecutive measurements>80
mmHg [25, 29]. Diabetes mellitus was diagnosed based
on self-reported physician diagnosis of diabetes melli-
tus or fasting blood glucose>126 mg/dL [28, 29]. Infor-
mation on congestive heart failure was obtained by
self-report on a health questionnaire in which partici-
pants were asked, “Has a doctor or other health profes-
sional ever told you that you have congestive heart failure
(CHF)?” Those who answered “yes” were considered to
have CHE. Coronary atherosclerotic heart disease, myo-
cardial infarction, angina pectoris, malignant neoplasm,
vigorous recreational activity, and moderate recreational
activity were also defined according to the questions in
the corresponding questionnaires [15, 30]. Additional
NHANES variable codes and details of their use are listed
in Table S1. More details on variables are available on the
website (https://www.cdc.gov/nchs/nhanes/index.htm).

Statistical analysis

To account for the complex multistage sampling design
of NHANES, we applied appropriate sample weights to
ensure result validity. Specifically, MEC sample weights
(WTMEC2YR) were used and divided by 3 to adjust for
the 6-year combined survey cycle (2013-2018), following
the official NHANES analytic guidelines (https://wwwn.c
dc.gov/nchs/nhanes/analyticguidelines.aspx).

The Kolmogorov-Smirnov test was adopted to check
the normal distribution of continuous variables. Contin-
uous variables were abnormally distributed in this paper,
described as the median (P25, P75), and compared uti-
lizing the Kruskal-Wallis test. Categorical variables were
depicted as frequencies and proportions and analyzed
utilizing the chi-square or Fisher’s exact test. Variables
with >20% missing data were excluded. For continuous
variables with <20% missing data, multiple interpola-
tion was performed using the mice package. Outliers
were dealt with using winsorization, with thresholds of
1% and 99%. Variables with covariance >5 were excluded
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using multicollinearity analysis. Weighted logistic regres-
sion (WLR) analysis was leveraged to assess the links of
TyG and its combination with obesity-related indicators
with COPD, with correlation results expressed as ORs
and 95% confidence intervals (Cls). Between-group linear
trends were assessed using quartiles of categorical vari-
ables as continuous variables. Model 1 was not adjusted
for covariates; Model 2 included sex, age, race, education
level, and marital status; Model 3 further added smok-
ing status, laboratory indicators (ALT, CR, UA, K, Na),
comorbidities (hypertension, diabetes mellitus, coro-
nary atherosclerotic heart disease, myocardial infarction,
angina pectoris, malignant tumors), and physical activity
(moderate recreational activity, strenuous recreational
activity). Restricted cubic spline (RCS) was employed
to examine the dose-response links of TyG and obesity-
related markers with COPD. Subgroup analyses were
implemented to determine the associations in different
populations stratified by age, gender, smoking, hyperten-
sion, and diabetes. Multiplicative interaction analysis was
adopted to test differences between subgroups. All analy-
ses were done in R statistical software 4.4.1. A two-sided
p-value <0.05 was deemed statistically significant.

Results

Basic features

Table 1 and Table S2 display the baseline traits of 6383
participants plotted based on quartiles of independent
variables. The median age was 48 years, 3,093 (49%) were
male, 1,622 (31%) graduated with a bachelor’s degree
or higher, 3,924 (65%) were married, 3,569 (55%) never
smoked, and 583 (8.4%), 1,290 (15.0%), and 3,511 (50%)
suffered from COPD, diabetes mellitus, and hyperten-
sion, respectively; 1,452 (26%) and 2,652 (46%) par-
ticipants accepted strenuous recreational activities and
moderate recreational activities, respectively. Regardless
of which indicator was used to categorize the group, the
Q4 group with high TyG and obesity-related indicators
had higher percentages of married participants and pre-
vious smokers, consistently showed higher prevalence
of COPD, hypertension, diabetes mellitus, and CHF, had
higher age, weight, BMI, waist circumference, fasting glu-
cose, triglyceride, ALT, UA, and K levels, and lower edu-
cational and physical activity levels.

Associations of TyG and its combined indices with COPD

In Table 2, WLR analyses showed that when primary
independent variables were considered continuous vari-
ables, there were independent positive correlations of
TyG, TyG-WC, TyG-BMI, and TyG-WHtR with COPD
regardless of whether the covariates were adjusted or
not, in which the ORs for TyG and TyG-WHtR were
higher at 1.348 (95% CI: 1.076—1.687) and 1.321 (95% CL
1.135-1.538). In contrast, when they were considered
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Table 1 Baseline characteristics stratified by quartiles of TyG

Characteristic N' Overall, Q1, Q2, Q3, Q4, p-val-
N=93,791,702° N=24,384,078° N=23,868,899° N=23,089,176° N=22,449,548% ue®

Gender 6,383 <0.001

Male 3,093(49%) 626(41%) 768(48%) 816(51%) 883(57%)

Female 3,290(51%) 969(59%) 828(52%) 780(49%) 713(43%)

Age (years) 6,383 48(34,61) 39(28,55) 48(33,61) 50(36,63) 54(41,64) <0.001

Race 6,383 <0.001

Mexican American 926(8.8%) 144(6 3%) 215(8.0%) 264(9.8%) 303(11%)

Other Hispanic 693(6.1%) 21(5.3%) 157(5.6%) 215(7.4%) 200(6.2%)

Non-Hispanic White 2,413(65%) 554(63%) 604(66%) 594(65%) 661(68%)

Non-Hispanic Black 1,321(11%) 526(17%) 376(12%) 246(7.5%) 173(5.4%)

Other 1,030(9.1%) 250(8.7%) 244(8.5%) 277(10%) 259(8.8%)

Education 6,383 <0.001

Less than 9th grade 548(4.4%) 79(3.2%) 125(4.2%) 159(4.7%) 185(5.9%)

9-11th grade 818(9.2%) 169(7.4%) 203(8.7%) 215(10%) 231(11%)

High school graduate 1,430(23%) 352(21%) 369(24%) 350(24%) 359(25%)

Some college or AA degree 1,965(32%) 525(31%) 486(32%) 472(31%) 482(32%)

College graduate or above 1,622(31%) 470(38%) 413(31%) 400(31%) 339(26%)

Marital status 6,383 0.115

Married 3,924(65%) 902(62%) 971(64%) 1,030(67%) 1,021(67%)

Other 2,459(35%) 693(38%) 625(36%) 566(33%) 575(33%)

Smoking 6,383 <0.001

Never 3,569(55%) 995(61%) 924(59%) 853(52%) 797(49%)

Current 1,251(18%) 276(16%) 312(18%) 328(19%) 335(21%)

Former 1,563(26%) 324(23%) 360(23%) 415(29%) 464(31%)

Weight (kg) 6,383  80(68,96) 71(62,84) 78(67,93) 83(72,99) 89(77,103) <0.001

Standing Height (cm) 6,383 168(161,176) 168(161,175) 168(161,176) 168(161,176) 169(161,176) 0.264

Body Mass Index (kg/m**2) 6,383 28(24,33) 25(22,29) 28(24,32) 29(26,34) 31(27,35) <0.001

Waist Circumference (cm) 6,383  99(88,110) 89(80,100) 97(88,108) 102(93,113) 107(98,117) <0.001

Fasting Glucose, GLU (mg/dL) 6,383  101(94,111) 95(90,101) 100(94,107) 103(96,112) 111(101,139) <0.001

Triglyceride, Tg (mg/dL) 6383  93(63,141) 50(40,57) 79(70,89) 116(104,132) 192(161,248) <0.001

Alanine aminotransferase, ALT 6,383 20(15,28) 18(14,23) 20(15,26) 21(16,30) 25(17,34) <0001

(usL)

Creatinine, Cr (mg/dL) 6,383 0.84(0.71,0.99) 0.81(0.69,0.94) 0.85(0.72,1.00) 0.84(0.71,0.99) 0.86(0.73,1.01) <0.001

Uric acid, UA (mg/dL) 6,383 5.30(4.40,6.30) 4.80(4.00,5.60) 5.30(4.40,6.10) 5.50(4.60,6.50) 6.00(4.90,6.90) <0.001

Potassium, K (mmol/L) 6,383  4.04(3.80,4.30) 4.00(3.80,4.25) 4.00(3.80,4.26) 4.04(3.80,4.30) 4.10(3.90,4.30) 0.004

Sodium, Na (mmol/L) 6,383  140(138,141) 140(138,141) 140(138,141) 140(138,141) 139(138,141) 0.011

Chronic obstructive pulmonary 6,383  583(8.4%) 88(4.4%) 138(8.7%) 157(9.4%) 200(11%) <0.001

disease, COPD

Diabetes 6,383 1,290(15%) 87(3.1%) 189(8.1%) 302(14%) 712(36%) <0.001

Hypertension 6,383  3,511(50%) 613(32%) 820(44%) 960(56%) 1,118(68%) <0.001

Congestive heart failure, CHF 6,383  207(2.2%) 37(1.3%) 50(1.9%) 53(2.6%) 67(3.3%) 0.008

Coronary heart disease, CHD 6,383 0(3 6%) 35(1.7%) 68(3.5%) 68(3.4%) 99(5.9%) <0.001

Angina 6,383 56(2.1%) 20(0.8%) 30(1.6%) 43(2.2%) 63(3.9%) <0.001

Myocardial infarction, Ml 6,383 9( 4%) 30(1.5%) 78(3.6%) 76(3.7%) 85(4.8%) 0.004

Stroke 6,383  235(2.8%) 44(1.9%) 62(2.8%) 59(3.3%) 70(3.3%) 0.089

Malignant tumors, MT 6,383  601(10%) 117(8.4%) 149(11%) 154(9.8%) 181(13%) 0.019

Vigorous recreational activities 6,383 1,452(26%) 530(39%) 368(27%) 308(20%) 246(16%) <0.001

Moderate recreational activities 6,383  2,652(46%) 793(56%) 684(46%) 613(43%) 562(39%) <0.001

TyG: Triglyceride glucose;

"N not Missing (unweighted)

2 n (unweighted)(%); Median(25%,75%)

3 chi-squared test with Rao & Scott’s second-order correction; Wilcoxon rank-sum test for complex survey samples

Note: Percentages are based on sample weights. Totals may not equal 100% due to rounding and the complex survey design of NHANES
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Table 2 Weighted logistic regression analysis of associations of TyG, TyG-BMI, TyG-WC, and TyG-WHtR with COPD

Model1 Model2 Model3

OR(95% Cl) P-value OR(95% Cl) P-value OR(95% Cl) P-value
TyG(continuous variable) 1.535(1.339~1.758) <0.001 1421(1.232~1.639) <0.001 1.348(1.076~1.687) 0.011
TyG(categorical variable)
Q1 Reference Reference Reference
Q2 2.089(1.412~3.090) <0.001 1.753(1.166~2.634) 0.008 1.776(1.153~2.735) 0.012
Q3 2.262(1.543~3.315) <0.001 1.838(1.253 ~2.696) 0.003 1.724(1.116 ~ 2.665) 0.017
Q4 2.832(1.773~4.523) <0.001 2.200(1.356~3.571) 0.002 2.036(1.089~ 3.804) 0.028
Porong <0001 0003 0042
TyG-BMl(continuous variable) 1.004(1.002 ~ 1.006) <0.001 1.004(1.002 ~ 1.006) <0.001 1.004(1.001 ~1.006) 0.002
TyG-BMil(categorical variable)
Q1 Reference Reference Reference
Q2 1.333(0.850~2.092) 0.205 1.136(0.728~1.774) 0.565 1.244(0.775~1.998) 0.348
Q3 1.652(1.094 ~2.494) 0.018 1.433(0.949~2.162) 0.085 1.464(0.937 ~2.287) 0.366
Q4 2.169(1.461~3.218) <0.001 1.927(1.304~2.847) 0.002 1.759(1.119~2.764) 0.017
Pirend <0.001 <0.001 0.01
TyG-WC(continuous variable) 1.002(1.001 ~1.003) <0.001 1.002(1.001 ~ 1.003) <0.001 1.002(1.001 ~ 1.003) <0.001
TyG-WC(categorical variable)
Q1 Reference Reference Reference
Q2 1.771(1.244~2523) 0.002 1432(1.018~2.012) 0.039 1.486(1.041~2.121) 0.031
Q3 2.268(1.551~3.318) <0.001 1.846(1.259~2.706) 0.002 1.831(1.210~2.771) 0.006
Q4 2.846(2.002 ~4.046) <0.001 2.337(1.656 ~3.297) <0.001 2.088(1.399~3.116) <0.001
Prrend <0001 <0001 0002

OR(95% Cl) P-value OR(95% CI) P-value OR(95% CI) P-value
TyG-WHtR(continuous variable) 1.490(1.340~1.657) <0.001 1.350(1.200~1.518) <0.001 1.321(1.135~1.538) <0.001
TyG-WHtR(categorical variable)
Q1 Reference Reference Reference
Q2 1.679(1.129~2.497) 0.012 1.232(0.822~1.845) 0.302 1.236(0.815~1.876) 0.302
Q3 2473(1.705~3.586) <0.001 1.767(1.225~2.549) 0.003 1.766(1.167 ~2.674) 0.009
Q4 3.392(2.289~5.026) <0.001 2.197(1.474~3.274) <0.001 1.950(1.240~3.066) 0.006
P <0.001 <0.001 0.003

trend

OR: odds ratio; Cl: confidence interval; TyG: Triglyceride glucose; TyG-BMI: Triglyceride glucose-body mass index; TyG-WC: Triglyceride glucose-waist circumference;

TyG-WHtR: Triglyceride glucose-waist height ratio
Model 1: unadjusted
Model 2: adjusted for sex, age, race, education level, and marital status

Model 3: further adjusted for smoking status, laboratory indicators (ALT, CR, UA, K, Na), comorbidities (hypertension, diabetes mellitus, coronary atherosclerotic
heart disease, myocardial infarction, angina pectoris, malignant tumors), and physical activity (moderate recreational activity, strenuous recreational activity) based

on Model 2

categorical variables, all indicators were greatly and posi-
tively linked to COPD in the Q4 group relative to the
Q1 group (p-value<0.05, p-value for trend test<0.05),
regardless of covariate adjustment. After adjusting for
all confounders, TyG-WC showed a more significant
link to COPD (OR=2.088, 95% CI: 1.399-3.116). RCS
analysis signaled statistically notable linear links of these
indexes with COPD after adjusting for all confounders
(p-value <0.05, P for nonlinear > 0.05) (Fig. 1).

ROC curves showed that TyG-related indices had
relatively higher AUCs compared to the TyG index
alone, with TyG-WHtR vyielding the highest value
(AUC=0.643). Nevertheless, the overall predictive per-
formance remained limited. (Fig. 2).

Subgroup analysis

Subgroup analyses are presented in forest plots (Fig-
ure S2), which visually illustrate the associations across
various subgroups. No significant interactions were
observed in the remaining subgroups, except for inter-
actions observed in TyG-BMI with age and TyG-WHtR
with hypertension and diabetes. More prominent links of
these indexes with COPD were observed in the age <60
years, current smoking, and no diabetes subgroups.

Discussion

This cross-sectional paper explored the associations of
TyG and its combination with obesity-related indices
(TyG-BMIL, TyG-WC, TyG-WHtR) with COPD. By ana-
lyzing 6,383 US adults from the NHANES database, our
analyses uncovered that higher levels of these indexes
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la. Restricted cubic spline regression analysis of TyG with COPD

for overall=0.004
P for nonlinear =0.228

OR(E5%CI)

Ic. Restricted cubic spline regression analysis of TyG-WC with COPD

P for overall < 0.001
P for nonlinear =0.080

OR(95%CI)

Tv6_We
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Ib. Restricted cubic spline regression analysis of TyG-BMI with COPD

OR(95%C)

1d. Restricted cubic spline regression analysis of TyG-WHIR with COPD

P for overall < 0.001
P for nonlinear =0.097

OR(95%CI)

TYG_WHTR

Fig. 1 Restricted cubic spline (RCS) plots showing the association between TyG-related indices and COPD. The black dashed line represents the reference
value (OR=1.00), the red solid line indicates the estimated odds ratio (OR), and the red shaded area indicates the 95% confidence interval (Cl). The logistic
regression models were adjusted for sex, age, race, education level, marital status, smoking status, laboratory indicators (alanine aminotransferase [ALT],
creatinine, uric acid, potassium, sodium), comorbidities (hypertension, diabetes mellitus, coronary atherosclerotic heart disease, myocardial infarction,
angina pectoris, malignant tumors), and physical activity (moderate and vigorous recreational activities)

were positively connected with COPD risk. RCS analyses
disclosed linear positive correlations between these indi-
ces and COPD. TyG-WHLtR had the highest AUC among
the indices tested (AUC=0.643); however, all indices
demonstrated relatively poor discriminative perfor-
mance (AUC<0.7), indicating limited predictive utility.
Our findings provide new evidence that these indices are
associated with COPD prevalence; however, due to the
cross-sectional nature of the study, predictive or causal
inferences cannot be drawn.

The TyG index is a simple, feasible, and relatively inex-
pensive marker of IR. Recent studies have stated that
TyG-related indices obtained by combining obesity indi-
cators, such as TyG-BMI, TyG-WC, and TyG-WHLtR, can
visibly improve the validity of the TyG index for assess-
ing IR [17, 31, 32]. Previous investigations on TyG and its
related indexes have focused on metabolism-related dis-
eases, like diabetes [33, 34], cardiovascular diseases [14,
35], ischemic stroke [36, 37], and nonalcoholic fatty liver
[38-40]. The TyG index has also been more frequently
introduced into the study of respiratory diseases in the
context of growing interest in the effects of IR and meta-
bolic disorders on respiratory diseases. Wu et al. found
that a higher TyG index was related to an elevated risk

of respiratory symptoms, including coughing, phlegm
production, exertional dyspnea, wheezing, and chronic
bronchitis [24]. Meng et al. evinced that TyG-BMI was
positively connected with obstructive sleep apnea [41].
Staggers et al. constructed a 5-year retrospective cohort
and unraveled that those with an augmented TyG had
a 6% higher risk of severe asthma exacerbation (95%
CI: 3-10%), suggesting TyG index as a risk predictor for
severe asthma attacks [42].

Given the potential associations of IR with COPD and
lung function deterioration, research is also now focus-
ing on the application of TyG index in COPD. Zhou et
al. manifested that TyG index was a potential predictor
of all-cause mortality in critically ill COPD patients and
may be useful for risk stratification and prognosis predic-
tion [43]. Recent research has also used it as a potential
risk marker for future COPD in the general cohort. A
Swedish prospective study with a mean follow-up of 31.4
years illustrated that the risk of COPD was increased by
21% in high-TyG cohorts, suggesting that TyG index was
a valid predictor of COPD [44]. While these prior stud-
ies were based on prospective designs, it is important to
note that our study employed a cross-sectional approach,
thus limiting interpretations to associations rather than
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Fig. 2 ROC analysis of the discriminative ability of TyG, TyG-BMI, TyG-WC, and TyG-WHtR for COPD

predictions. Similarly, our study uncovered that TyG
index was positively linked to COPD risk. RCS analysis
proved linear connections between them. However, they
only explored the link between TyG index and COPD.
We introduced obesity-related indexes and found posi-
tive correlations of TyG-BMI, TyG-WC, and TyG-WHtR
with COPD. RCS analysis also unveiled linear asso-
ciations between these indexes and COPD. Overall, our
study revealed cross-sectional associations between the
TyG index and COPD and highlighted the potential con-
tribution of obesity-related indicators. However, causality

cannot be inferred, and further longitudinal studies are
warranted to validate these findings.

ROC curve analysis revealed that TyG and obesity
indexes had better predictive ability than a single TyG
index, consistent with previous studies [15, 18, 39, 45].
Notably, our results demonstrated that TyG-WHtR had
the highest AUC value among the indices (AUC=0.643).
Nonetheless, given that this value falls below the com-
monly accepted threshold for good discrimination
(AUC<0.7), its predictive capability remains limited.
This finding was also supported by previous studies that
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compared the predictive accuracy of TyG and its derived
metrics in different populations. A study pointed out that
TyG-WHtR had the greatest predictive power in fore-
casting cardiovascular mortality and myocardial infarc-
tion [15]. Another study manifested that TyG-WHtR
had the highest AUC for detecting fatty liver in a dia-
betes subgroup [46]. In addition, a prospective study in
Chinese middle-aged and elderly populations with long-
term follow-up found that TyG-WHtR was better than
other TyG-related indices in predicting early diabetes in
the subgroup with normal fasting glucose [45]. WHItR,
an obesity-related indicator that considers waist circum-
ference and height, identifies individuals with low body
weight and ectopic fat accumulation, and is considered a
favorable indicator for assessing visceral obesity [47]. Vis-
ceral obesity is superior to general obesity indicators as a
critical risk factor for metabolic diseases. Therefore, TyG-
WHtR showed better predictive ability.

Many articles have focused on the potential mecha-
nisms of metabolic factors in COPD. IR may be associ-
ated with decreased lung function. A large prospective
cohort study in Korea noted that for each unit increase
in log-transformed HOMA-IR, the B-values of FEV1%-
predicted and FVC%-predicted were —-0.23 and -0.2,
respectively [8]. Similarly, a longitudinal cohort study of
US asthma patients showed markedly lower FEV1 and
FVC values in patients with IR than those without IR
[48]. The possible mechanism is that insulin mediates
airway inflammation by activating airway immune cells
and promoting the proliferation of airway smooth muscle
cells, leading to the release of collagen, resulting in air-
way narrowing and airflow limitation [49]. TyG and obe-
sity-related indices are reliable markers for IR, and their
elevation suggests dyslipidemia and hyperglycemia. In
addition to IR-associated decreased lung function, these
metabolic abnormalities may also contribute to COPD
through multiple pathological pathways. Under hypergly-
cemia, the increase of glycosylation end products, com-
bined with the receptor for advanced glycosylation end
products (AGEs), triggers inflammatory responses and
oxidative stress, and the increased release of cytokines
and ROS, thereby exacerbating airway inflammation [50,
51]. AGEs also activate the generation of pulmonary col-
lagen and elastin through a non-receptor-dependent
pathway, decreasing pulmonary elasticity and conse-
quently affecting lung function [52]. Hyperglycemia may
also disrupt normal immunity by suppressing the func-
tion of macrophages and dendritic cells, thereby increas-
ing the risk of respiratory infections [53]. Dyslipidemia
may provoke inflammation through excess circulating
free fatty acids, leading to reduced lung function. Exces-
sive circulating free fatty acids and hypertriglyceridemia
may induce a lipotoxic state, promoting inflammatory
responses and lung injury via activation of intracellular

Page 8 of 11

signaling and endoplasmic reticulum stress [54, 55]. On
the other hand, surface active substances in lung tissues
have a unique need for lipids, and lipid metabolism dis-
orders may motivate airway hyperresponsiveness and
collagen deposition, thus affecting pulmonary elastic
recoil [56, 57]. Collectively, insulin resistance and asso-
ciated metabolic dysfunction may contribute to COPD
pathogenesis through several interrelated mechanisms.
Chronic systemic inflammation and oxidative stress,
commonly observed in insulin-resistant individuals,
can lead to persistent activation of inflammatory path-
ways, including TNF-a and IL-6 signaling [58]. These
inflammatory cascades are known to promote small air-
way fibrosis, epithelial cell apoptosis, and alveolar wall
destruction, all of which are central pathological features
of COPD [59]. Furthermore, metabolic dysregulation may
impair lung tissue repair processes and exacerbate airway
remodeling, thereby accelerating disease progression.

A previous article showcased that an augmented TyG
index was connected with all-cause mortality in critically
ill COPD patients, especially in younger individuals [43].
Our subgroup study also illuminated that TyG, TyG-WC,
TyG-WHLtR, and TyG-BMI were more prominently asso-
ciated with COPD in the younger population. This dif-
ference may reflect age-related variability in metabolic
indicators. However, the implications of these associa-
tions should be interpreted cautiously given the cross-
sectional design. Subgroup analysis also uncovered that
the correlation of these indexes with COPD appeared to
be more significant in the non-diabetic population than
in diabetic patients. Guo et al. [60] evinced that TyG did
not show a correlation with COPD in diabetic popula-
tions, so did the studies of Zhou et al. [43] and Deng et
al. [15]. This phenomenon may be related to the applica-
tion of hypoglycemic drugs in diabetic patients, which
regulate blood glucose and directly affect the TyG index.
Nevertheless, these subgroup findings are exploratory in
nature and should be interpreted with caution, given the
cross-sectional design of our study and the reliance on
self-reported diagnoses.

Notably, we observed stronger associations between
TyG-related indices and COPD in the smoking popula-
tion. This phenomenon may be attributed to the com-
bined impact of smoking-induced oxidative stress and
metabolic dysregulation. Recent transcriptomic and
clinical studies have shown that cigarette smoke expo-
sure leads to widespread immune dysfunction, increased
oxidative DNA damage, and insulin resistance [61, 62].
These biological disturbances may amplify systemic
inflammation and contribute to airway remodeling and
lung tissue destruction, thereby increasing the suscep-
tibility to COPD in smokers compared to non-smokers
[59].
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Our paper has several notable strengths. First, we uti-
lized a large, nationally representative sample from the
NHANES database, which enhances the generalizabil-
ity and reliability of our findings. Covariate adjustments
were implemented to minimize potential confounding.
Second, this study comprehensively examined the indi-
vidual and combined effects of TyG and obesity-related
indices on COPD, addressing gaps in prior literature.
Finally, the TyG index and its combination with obesity-
related indicators are easy to obtain and may be useful for
metabolic assessment in COPD-related research, provid-
ing insights for future risk models pending validation in
longitudinal studies.

Nonetheless, some limitations warrant attention. First,
COPD cases were identified based on self-reported
physician diagnosis due to the inherent nature of the
NHANES database, which may introduce recall bias and
affect the accuracy of COPD classification. Self-reported
COPD is known to have low sensitivity and may miss a
substantial proportion of individuals with airflow limi-
tation, leading to underestimation of COPD prevalence
[63]. Conversely, overdiagnosis may also occur when
respiratory symptoms are incorrectly attributed to
COPD without objective verification. Such misclassifi-
cation could bias the observed associations toward the
null, potentially underestimating the true strength of the
relationships between TyG-related indices and COPD
[63]. Future studies employing spirometry-based diag-
nostic criteria are warranted to validate and refine these
findings. Second, the cross-sectional design of the study
limits our ability to infer temporal or causal relationships
between insulin resistance (IR) and COPD. Future cohort
studies are needed to establish temporality and causality.
Third, due to limitations of the public database, certain
variables and potential confounders were not available
for inclusion in our analyses, which may affect the com-
prehensiveness of the study. These limitations highlight
the need for further research to validate our findings and
explore underlying mechanisms. Moreover, they under-
score that the observed associations are correlational and
not indicative of temporal or causal relationships.

Conclusion

TyG and obesity-related indicators demonstrated signifi-
cant positive associations with COPD in this study. These
findings provide preliminary evidence of associations
between TyG, TyG-BMI, TyG-WC, and TyG-WHtR and
COPD. Among these indices, TyG-WHtR showed the
strongest association, although its discriminative capa-
bility was limited, and causal relationships remain to be
determined in future longitudinal studies. Nevertheless,
these results should be interpreted with caution due to
the cross-sectional nature of the study, which precludes
establishing causality. Additionally, the findings are based
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on a specific dataset and may not be generalizable to all
populations. Future multicenter prospective studies are
warranted to confirm these associations and elucidate the
mechanisms linking TyG and obesity-related indices with
COPD.
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