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Purpose: This study examined gender differences in the association of Triglyceride-Glucose (TyG) index with the prevalence of
chronic obstructive pulmonary disease (COPD), particularly in a non-diabetic population.

Methods: The study leveraged data from the National Health and Nutrition Examination Survey (NHANES), spanning from 1999 to
2018, with a cohort of 23,456 participants. Logistic regression and restricted cubic spline analyses were employed to explore the
relationship between the TyG index and COPD prevalence.

Results: Statistical analyses revealed a significant positive association between the TyG index and COPD prevalence among non-
diabetic women after adjustment for all covariates (OR=1.50; 95% CI, 1.08-2.08), supported by a linear relationship (P for non-
linearity=0.298). No equivalent significant association was found in non-diabetic men (OR=1.00; 95% CI, 0.67-1.48). Within the
diabetic group, the TyG index did not show a significant association with COPD prevalence, regardless of gender.

Conclusion: Our study reveals a significant positive correlation between the TyG index and COPD prevalence in the non-diabetic
population, marked by notable gender differences.
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Introduction

Chronic obstructive pulmonary disease (COPD) has emerged as a prominent global public health concern, with a surge in
prevalence, mortality rates, and financial burden, especially in developing countries.' There has been a growing emphasis
on investigating the complex origins of COPD and its established connections with various metabolic disorders.*~
Insulin resistance is widely acknowledged as a harbinger of diabetes and is also believed to be intricately linked to the
progression of COPD.*> The emerging biomarker, the Triglyceride-Glucose (TyG) index, has received considerable
focus for its capacity to indicate insulin resistance within the organism.®” The TyG index has been associated not only
with various metabolic disorders, including diabetes, hypertension, coronary arteriosclerosis, and hepatic
complications,® '* but also with the recent investigations that have probed its relationship with pulmonary conditions,
emphasizing COPD. "

Earlier research has mainly concentrated on the general population,* neglecting the influence of gender differences on
the TyG index’s correlation with COPD.'? Considering the significant role of gender differences in various physiological
and pathological processes, there is a notable gap in gender-specific analysis in this field of study. This study intends to
investigate gender disparities in the association between the TyG index and COPD prevalence, also taking into account
the possible influence of diabetes status on this relationship. '
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Methods

Study Population

This study employed a cross-sectional design, analyzing data from NHANES participants aged 20 and older between
1999 and 2018. NHANES used a complex, multistage, stratified sampling method to accurately represent the US non-
institutionalized population.'® Demographic and medical history data were collected through comprehensive in-home
interviews with participants. The Mobile Examination Centers (MEC) conducted physical examinations and collected
blood samples. The Ethics Review Board of the National Center for Health Statistics approved the NHANES. All
participants gave written informed consent. This study is a secondary analysis and therefore does not require ethical
approval. The Bethune International Peace Hospital Ethics Committee granted an exemption, with ethics approval
number 2024-KY-120.

Measurement of TyG Index
The TyG index is calculated using fasting levels of triglycerides and glucose.'> The formula for calculating the TyG
index is: TyG = In [(fasting triglycerides (mg/dL) x fasting glucose (mg/dL)) / 2].'°

Chronic Obstructive Pulmonary Disease

This study analyzed participants’ COPD status as the dependent variable. Data collected from the NHANES question-
naire (Health Conditions section: MCQ160G, MCQ160K, MCQ170K) from 1999 to 2012 included inquiries about
emphysema and current and past chronic bronchitis to determine the presence of COPD. Respondents who affirmatively
indicated these conditions were categorized into the COPD group, while those who responded negatively were placed in
the control group. For data from 2013 to 2018, a new questionnaire item (MCQ1600) was introduced, specifically asking
participants if they had been diagnosed with COPD, using the same method for group determination.'’

Covariates

Our investigation included various factors: age (20 years and older), gender, race/ethnicity (non-Hispanic white, non-
Hispanic black, Mexican American, others), marital status (married/partnered vs never married/divorced/separated/
widowed), education (below high school, high school graduate, or higher), body mass index (BMI), and waist
circumference. We also considered income levels (categorized as low, medium, or high poverty income ratios), smoking
status (defined as over 100 cigarettes for smokers and fewer for non-smokers), alcohol consumption (defined as more
than 12 drinks per year for drinkers, otherwise as non-drinkers), as well as hypertension, heart disease, diabetes, and high
cholesterol. Hypertension was identified through self-reports, medication, or if blood pressure exceeded the AHA/ACC
2017 thresholds (>130 mmHg systolic or >80 mmHg diastolic).'® Cardiovascular disease and hypercholesterolemia were
ascertained via questionnaire, while diabetes is considered present if one of the following conditions is met: use of insulin
or diabetes medications, self-reported diabetes mellitus, glycosylated hemoglobin (HbAlc) over 6.5%, a 2-hour plasma
glucose over 200 mg/dL on the Oral Glucose Tolerance Test (OGTT), or fasting blood glucose (FPG) over 126 mg/dL."

Statistical Analysis

We utilized Free Statistics software version 1.9.1 and the statistical software package R version 4.2.2, employing two-
tailed tests at a significance level of P<0.05. Considering the complex survey design of NHANES, we used appropriate
weights in our analyses to derive weighted estimates representing the non-institutionalized US population from 1999 to
2018. Means = SD were used to depict continuous data, while percentages described categorical data. The chi-square test
was used to assess categorical variables, and the #-test was used to evaluate differences in continuous variables. To
explore the correlation between the TyG index and the prevalence of COPD, we conducted both univariable and
multivariable logistic regressions. We analyzed the dose-response relationship between the two using restricted cubic
splines. The population was divided into tertiles (T1, T2, T3) based on the TyG index, with T1 serving as the reference
group. We analyzed the relationship between the TyG index and the prevalence of COPD, presenting the results as both
continuous and categorical variables, showing odds ratios (ORs) with 95% confidence intervals (CIs). To control for
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confounders, we applied three multivariable logistic regression models. Model 1 adjusted for age, race/ethnicity,
education level, marital status, and the poverty income ratio (PIR). Model 2 further adjusted for alcohol consumption,
smoking, BMI, and waist circumference, building on Model 1. Model 3 adjusted for hypertension, cardiovascular
disease, and hypercholesterolemia, adding these variables to Model 2.

Results

Baseline Characteristics

After screening and excluding missing data from the NHANES data between 1999 and 2018, a total of 23,456
participants aged 20 years or older were ultimately included in the analyses, comprising 18,985 nondiabetics and
4,471 diabetics. The study employed three different adjustment models for these two groups, each excluding missing
data based on the inclusion of different covariates, which led to variations in sample size (Figure 1). The results (Table 1)
indicated that among the total participants, as the TyG index increased, the proportion of females decreased, while age,
BMI, and waist circumference tended to increase. There was also an observed increase in the proportion of smokers,
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Figure | Flowchart of participant selection.
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Table | Weighted Baseline Characteristics of All Participants Stratified by TyG Index Tertiles

Variables Total (n = 23456) TI (n=7818) T2 (n=7815) T3 (n =7823) P-value
Gender < 0.0001
Male 48.37 39.96 50.06 55.91
Female 51.63 60.04 49.94 44.09
Age(years) 46.70+16.80 42.04£16.26 47.45£16.95 51.07+15.87 < 0.0001
Race/ethnicity < 0.0001
Non-Hispanic White 69.04 65.18 70.75 71.72
Non-Hispanic Black 10.96 16.67 9.33 6.38
Mexican American 8.09 6.41 8.45 9.56
Others 11.91 11.73 11.70 12.33
Education < 0.0001
Below high school 6.47 4.66 6.44 8.52
High school graduate 3520 30.79 35.98 39.28
Higher 58.33 64.56 57.58 52.19
Marital status < 0.0001
Married/partnered 65.14 62.15 65.76 67.82
Never married /divorced/separated/widowed 34.86 37.85 34.24 32.18
PIR <0.0014
Low 21.16 20.54 20.74 2229
Medium 36.67 35.55 36.14 3851
High 42.17 43.90 43.12 39.20
Drinking 0.0062
No 24.75 23.88 23.83 26.72
Yes 75.25 76.12 76.17 73.28
Smoking < 0.0001
No 5332 59.82 5223 47.27
Yes 46.68 40.18 47.77 52.73
BMI (kg/m?) 28.64 £ 6.9 26.34 + 6.07 28.75 * 6.58 30.10 £+ 6.54 < 0.0001
Waist circumference (cm) 98.34+£17.48 91.21£15.73 98.88+16.50 106.20+17.01 < 0.0001
Cardiovascular disease < 0.0001
No 97.61 98.60 98.01 96.06
Yes 239 1.40 1.99 3.94
Diabetes < 0.0001
No 86.49 95.94 90.70 71.31
Yes 13.51 4.06 9.30 28.69
Hypertension < 0.0001
No 74.85 84.88 74.63 63.88
Yes 25.15 15.12 25.37 36.12
HCH < 0.0001
No 55.61 73.01 54.80 38.98
Yes 44.39 26.99 45.20 61.02
COPD < 0.0001
No 93.06 95.15 93.37 90.41
Yes 6.94 4.85 6.63 9.59
TyG index 8.64+0.67 7.97£0.29 8.62+0.16 9.39+£0.47 < 0.0001

Note: The continuous variables were represented by mean * SD. Categorical variables expressed as percentages. Absolute numbers are unweighted,
observed values; Estimates were weighted.

Abbreviations: BMI, body mass index; PIR, poverty income ratio; HCH, hypercholesterolemia; COPD, chronic obstructive pulmonary disease; TyG
index, Triglyceride-Glucose index.

individuals with low income, those who were married or partnered, less educated, as well as those with COPD,
hypertension, cardiovascular disease, diabetes, and hypercholesterolemia. Additionally, different race groups exhibited
varying trends across TyG index tertiles.

Data were analyzed for participants divided into non-diabetic and diabetic groups by gender. Among non-diabetics,
age, waist circumference, BMI, COPD, hypertension, smoking, cardiovascular disease, and hypercholesterolemia
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followed the same trend as the whole population as the TyG index rose. It was also observed that the proportion of low-
income earners tended to increase only among non-diabetic females (Supplementary Tables S1 and S2). In patients with

diabetes (Supplementary Tables S3 and S4), similar increases in BMI and waist circumference, and an increased

proportion of hypercholesterolemia, were observed in both sexes, as in the non-diabetic group. In both male and female
groups, no differences were found in PIR, alcohol consumption, smoking, COPD, hypertension, and cardiovascular
diseases.

Association Between TyG Index and COPD Prevalence

Univariable logistic regression analyses indicated that gender, age, smoking, race/ethnicity, marital status, poverty
income ratio (PIR), BMI, waist circumference, cardiovascular disease, diabetes, hypercholesterolemia, hypertension,
and TyG index were associated with COPD (Table 2). In non-diabetic women, multivariate logistic regression analyses
showed a positive association with the prevalence of COPD in unadjusted models when the TyG index was analyzed as
a continuous variable (OR=2.09; 95% CI, 1.73-2.53). After adjusting for potential confounders using three different
models, the TyG index remained associated with a higher prevalence of COPD: model 1 (OR=1.79; 95% CI, 1.43-2.23),
model 2 (OR=1.43; 95% CI, 1.10-1.87), and model 3 (OR=1.50; 95% CI, 1.08-2.08). In these cases, the prevalence of
COPD was higher in individuals in the highest tertile of the TyG index compared to those in the lowest tertile. No such
correlation was found in non-diabetic men (Table 3), and no significant connection between the TyG index and COPD
prevalence was found in diabetics, regardless of gender (Supplementary Table S5).

Table 2 Association Between Covariates and COPD Prevalence

Variables OR (95CI%) P-value
Gender

Male | (reference)

Female 1.54 (137~1.79) <0.001
Age 1.03 (1.03~1.03) <0.001
Race/ethnicity

Non-Hispanic White | (reference)

Non-Hispanic Black 0.65 (0.54~0.78) <0.001

Mexican American 0.30 (0.24~0.40) <0.001

Others 0.57 (0.44~0.73) <0.001
Education

Below high school | (reference)

High school graduate 1.05 (0.84~1.32) 0.663

Higher 0.70 (0.57~0.86) 0.001
Marital status

Married/partnered | (reference)

Never married /divorced/separated/widowed 1.32 (1.14~1.53) <0.001
PIR

Low | (reference)

Medium 0.72 (0.61~0.85) <0.001

High 0.41 (0.33~0.51) <0.001
BMI 1.03 (1.02~1.04) <0.001
Waist circumference 1.02 (1.01~1.02) <0.001
Drinking

No | (reference)

Yes 0.98 (0.83~1.15) 0.784
Smoking

No | (reference)

Yes 2.82 (2.37~3.36) <0.001

(Continued)
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Table 2 (Continued).

Variables OR (95CI%) P-value
Cardiovascular disease

No | (reference)

Yes 5.20 (4.18~6.48) <0.001
Diabetes

No | (reference)

Yes 1.76 (1.51~2.06) <0.001
HCH

No | (reference)

Yes 1.81 (1.54~2.13) <0.001
Hypertension

No | (reference)

Yes 2.44 (2.14~2.77) <0.001
TyG index 1.50 (1.37~1.64) <0.001

Note: Data presented are ORs and 95%Cls.
Abbreviations: BM|, body mass index; PIR, poverty income ratio; HCH, hypercholesterolemia; TyG

index, Triglyceride-Glucose index.

Table 3 Gender Differences in the Association Between TyG Index and COPD in a Non-Diabetic

Population
Variable Non-Adjusted Model | Model 2 Model 3
Female
TG 2.09(1.73-2.53) 1.79(1.43-2.23) 1.43(1.10-1.87) 1.50(1.08-2.08)
P-value <0.001 <0.001 0.008 0.019
TyG tertile
TI I (Ref) I (Ref) I (Ref) I (Ref)
T2 1.55(1.18-2.05) 1.35(1.00-1.82) 1.31(0.93-1.85) 1.44(0.94-2.20)
T3 2.66(2.00-3.55) 2.13(1.52-2.99) 1.58(1.04-2.38) 1.81(1.05-3.11)
P-trend <0.001 <0.001 0.029 0.032
Male
TG 1.22(0.99-1.51) 1.24(0.99-1.55) 1.08(0.79-1.48) 1.00(0.67-1.48)
P-value 0.063 0.064 0.614 0.987
TyG tertile
TI I (Ref) I (Ref) I (Ref) I (Ref)
T2 1.20(0.85—1.69) 1.14(0.78-1.65) 0.93(0.59-1.46) 1.06(0.61-1.83)
T3 1.60(1.13-2.27) 1.50(1.04-2.16) 1.37(0.92-2.04) 1.29(0.77-2.17)
P-trend 0.008 0.030 0.124 0.329

Note: Data presented are ORs and 95%Cls. Model I: adjusted for age, race/ethnicity, education level, marital status, PIR. Model 2:
adjusted for Model |+ drinking, smoking, BMI, waist circumference. Model 3: adjusted for Model 2+ hypertension, cardiovascular

disease, hypercholesterolemia.

Threshold Effect Analysis

Analysis using restricted cubic splines assessed the dose-response relationship between the TyG index and the prevalence
of COPD in non-diabetic women, revealing a linear correlation (P for non-linearity = 0.298) (Figure 2).

Discussion

This study analyzed NHANES data from 1999 to 2018, involving 23,456 participants, to explore the impact of gender on
the relationship between the TyG index and COPD. Findings confirmed that an elevated TyG index is associated with
increased indicators of metabolic issues, such as higher BMI and waist circumference, consistent with its established role
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P for non—linearity: 0.298
P for overall: 0.019
Ref point: 8.42

OR(95%CI)

7 8 9 10 11
TyG index

Figure 2 The association between TyG index and COPD was analyzed using restricted cubic spline curves in a population of non-diabetic women. The analysis was adjusted
for all covariates. Solid lines represent multivariate-adjusted odds ratios, and the shaded areas represent 95% Cls of restricted cubic spline curves. Horizontal dashed lines
represent odds ratios (reference points) of 1.0. The reference point is set at the median level of the TyG index.

as an indicator of insulin resistance and metabolic disturbances.?® The prevalence of COPD, hypertension, cardiovascular
disease, diabetes, and hypercholesterolemia increased as the TyG index increased, which may indicate an association
between metabolic disorders and these diseases. Crucially, our analysis found a significant positive linear association
between the TyG index and COPD prevalence in non-diabetic women, consistent across various analysis methods. Such
a relationship was absent in non-diabetic men.

The TyG index may provide a simpler and more cost-effective alternative to traditional markers of insulin resistance,
like the HOMA-IR,?"** while also offering improved predictive capabilities for insulin resistance.'*** Past research on
the TyG index has focused on atherosclerosis, cardiovascular disease, and stroke,>*** but recent studies suggest its
potential relevance in respiratory illnesses. Wu TD et al’s research demonstrates connections between the TyG index and
respiratory symptoms, chronic pulmonary diseases, and lung function. Their findings showed that the risk of chronic
bronchitis increased by 21% for each unit increase in the TyG index.'® Additionally, a Swedish longitudinal study further
validates the TyG index as an effective predictor of COPD, revealing a significant risk increase in the highest TyG index

quartile. The results were statistically significant only in women.?¢

27-30 with

approximately 31%-40% of COPD patients concurrently diagnosed with prediabetes.®'** In prediabetes, characteristics

Research indicates that diabetes’ detrimental effects on lung function may begin in the prediabetic stage,

such as insulin resistance, hyperinsulinemia, and obesity are considered to be common risk factors leading to the decline
in lung function due to COPD.** Chronic airway inflammation is an important feature of COPD.** Insulin resistance can
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reduce the expression of Sfrp5 (an anti-inflammatory adipokine), activate the Wnt5a/JNK1 signaling pathway, promote
macrophage activation, and thereby exacerbate airway inflammation.

Research suggests that women, particularly smokers, are at a higher risk of developing COPD compared to men,*® with
their likelihood of developing the disease being approximately 50% higher than their male counterparts.>” Even with lower
smoking levels, their rate of decline in FEV is faster than in male smokers.*® In this study, we divided the study population by
gender and observed a gender difference in the relationship between the TyG index and the prevalence of COPD among the
non-diabetic population. A study conducted by Tam A and his team, using a chronic smoke exposure mouse model, explored
the influence of estrogen on COPD. The findings revealed that female mice exhibited significant increases in small airway
remodeling and distal airway resistance following smoke exposure, alongside a decrease in the antioxidant gene Cyplal,
heightened oxidative stress, and activation of TGF-f, compared to ovariectomized mice or male mice. The administration of
the anti-estrogen drug tamoxifen was observed to alleviate these effects.*® Furthermore, estrogen was found to regulate airway
function by reducing Ca®" influx, consequently inhibiting Ca>* signaling and the stability of airway surface liquid in airway
epithelial cells. Tamoxifen, an anti-estrogen medication, had the ability to either block or enhance this inhibitory effect.*’

However, our study has some obvious limitations. Firstly, due to the cross-sectional approach, we were unable to
determine the exact causal relationship between the TyG index and the prevalence of COPD, and this association needs to
be further verified by more in-depth longitudinal studies. Secondly, the reliance on self-reported questionnaires could
compromise data precision. Thirdly, although we accounted for many potential confounders, the influence of unidentified
factors remains a possibility. Lastly, the research categorized participants only into diabetic and non-diabetic groups,
omitting more detailed analyses of metabolic conditions.

Conclusion

By analyzing NHANES data from 1999 to 2018, we found a significant positive correlation between the TyG index and
the prevalence of COPD among non-diabetic individuals, with observed gender differences. This suggests the importance
of considering gender specificity in COPD management strategies.

Abbreviations
BMI, body mass index; PIR, poverty income ratio; HCH, hypercholesterolemia; COPD, chronic obstructive pulmonary
disease; TyG index, Triglyceride-Glucose index.
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