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Purpose: The triglyceride-glucose index (TyG index) is a marker of insulin resistance and metabolic dysfunction and has the
advantage of being universally available. Although recent evidence suggests the TyG index has relevance to respiratory health, there
have been no prospective studies assessing its value as a biomarker for chronic lung diseases. We aim to assess the TyG index as
a potential risk marker for future incident COPD events in the general population.

Patients and Methods: Baseline TyG index was assessed in 28,282 middle-aged men and women without previous history of
chronic obstructive pulmonary disease (COPD) from the Malmo Preventive Project (men between 1974 and 1982 and women between
1982 and 1992). All subjects were followed up prospectively, and Cox proportional hazards regression was used to assess incident
COPD events according to quartiles of TyG index.

Results: After an average of 31 years of follow-up, TyG index was a strong predictor of future COPD events even after adjusting for
potential confounders (Q4 (highest TyG index) HR (95% CI): 1.21 (1.09-1.35) vs Q1 (reference), p-trend <0.001). After stratifying by
sex, the results remained statistically significant in women only (Q4 vs Q1 HR 1.72 (1.41-2.09)). Additionally, the risk remained
significant in a cohort of life-long never smokers (Q4 vs Q1 HR 1.47 (1.08-2.01)).

Conclusion: A raised TyG index is a novel risk marker of future incident COPD events in women. Insulin resistance as reflected by
the TyG index can precede the development of obstructive lung disease and as such may be an easily measurable and useful predictor
of COPD in women.
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Introduction
Disorders of glucose metabolism and insulin resistance such as the metabolic syndrome (MetS) and type 2 diabetes (T2DM)
are prevalent in chronic obstructive pulmonary disease (COPD).! Furthermore, COPD is thought to be a predictor of the
development of T2DM? resulting in a higher prevalence of T2DM in COPD patients than in the general population. Potential
explanations include reduced physical activity associated with COPD® and effects of low-grade systemic inflammation in
COPD that has also been linked to the incidence of T2DM.** The presence of T2DM has been suggested as a factor that may
influence the progression and prognosis of COPD.*’ The likely mechanisms include the direct effects of hyperglycaemia on
the lung parenchyma — leading to changes in the connective tissue and elastic recoil of the lung, increased microangiopathy,
muscle weakness and systemic inflammation.® The incidence of COPD has been found to be greater in those with diabetes
than in those without.” MetS, insulin resistance and systemic inflammation have also been found to be important risk markers
for reduced lung function in healthy, non-smoking subjects,'® however, fewer studies exist that assess the role of insulin
resistance as a contributing factor in the pathogenesis of COPD and its progression.''

A novel marker of insulin resistance and associated metabolic dysfunction — the triglyceride-glucose index (TyG index)
has been developed that is universally available and takes into account both glucotoxicity and lipotoxicity, key players in
insulin resistance.'? It is measured using fasting glucose and triglycerides, which are clinically routine measurements. It is

comparable to both the euglycaemic-hyperinsulinaemic clamp and the Homeostatic Model Assessment for Insulin Resistance
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(HOMA-IR) index for the assessment of insulin sensitivity.'**'* Although the HOMA-IR index has previously been associated
with lower lung function,'> we are aware of only one previous study that has assessed the TyG index in relation to lung
health,'® which provides recent evidence for a cross-sectional association between the TyG index and respiratory symptoms,
chronic bronchitis and restrictive spirometry patterns. The study was based on National Health and Nutrition Examination
Survey (NHANES) data and included a high proportion of subjects with MetS (55%).'® It concluded that validation of TyG
index as a biomarker for impaired lung health is needed using prospective studies from various populations.

To our knowledge, no study has examined if the TyG index can be a prospective risk marker for future COPD. We
therefore aim to assess the TyG index as a potential risk marker for future incident COPD events in the general population.

Materials and Methods
Study Population

The study population consisted of subjects examined as part of the Malmo Preventive Project (MPP).!” A total of
33,346 middle-aged subjects were screened at baseline between 1974 and 1992 (22,444 men and 10,902 women) with
a participation rate of over 70%. Mail invitations were sent to complete birth-cohorts for the years 1921-1949, who
were living in Malmé at the time. Subjects were invited for a physical examination, laboratory tests, spirometry and
self-administered questionnaires. Men were mainly screened between 1974 and 1982, and women between 1982 and
1992. The baseline examinations were approved and funded by the health service authority of the city of Malmo.
Written consent was not available at the time the study was conducted (1974-1992), however verbal consent was
taken for all participants included in the study. The Regional Ethics Committee at Lund (LU 85-2004; LU 2011-412)
approved prospective follow-up of the cohort and data linkage with the national Cause of Death and Patient
Registers. Subjects with known prevalent COPD were excluded (n = 127). Spirometry was performed in birth
cohorts during most but not all screening periods (94% of men and 71% of women); however, individuals were
not selected based on symptoms or disease. Subjects with missing information on spirometry (n = 4386), baseline
triglycerides and glucose (n = 166) or other key covariates (n = 324) were excluded. Subjects with an erythrocyte
sedimentation rate (ESR) >50 mm/h were excluded (n = 61) as this could potentially indicate the presence of
a specific inflammatory lung pathology at baseline. The final study population consisted of 28,282 subjects (20,892

men and 7390 women).

Baseline Examinations

Blood samples for triglycerides and glucose measurements were taken after an overnight fast and analysed at the
Department of Clinical Chemistry, Malmd University Hospital. Plasma insulin was measured using a nonspecific
radioimmunoassay (RIA) method, the detection limit being 3 mIU L-1. The RIA method was originally developed at
the Department of Clinical chemistry in Malmé and was attached to a continuing standardization programme.'® ESR was
determined according to the Westergren method. Height (metres) was measured using a fixed stadiometer; weight
(kilograms, kg) was measured on a balance beam scale. Body mass index (BMI) was calculated as kg/m2.
Information on smoking habits was assessed using a questionnaire, and participants were divided into never or ever
(former and current) smokers. Subjects were also categorised as heavy smokers using the response to the question “Do
you smoke more than 20 cigarettes/day?”. Information on physical activity was assessed using questionnaire responses.
Details of these questions in men and women have been described in detail elsewhere.'® Information on prevalent
diabetes was obtained using self-reported diabetes at baseline, fasting whole-blood glucose >6.1mmol/L at baseline
(corresponding to a plasma glucose of >7.0 mmol/L) or any prior diagnosis of diabetes in diabetic or hospital registers.
Information on prevalent cardiovascular disease (CVD) was obtained using self-reported CVD at baseline and registers
of hospital inpatients. Forced expiratory volume in 1 second (FEV1) and forced vital capacity (FVC) were measured
using a spirotron apparatus (Drigerwerk AG, Liibeck, Germany) and carried out by trained nursing staff. Only one

acceptable manoeuvre was required.”’
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Exposure Definition
To calculate the TyG index, the following formula was used:*' >

Log (fasting triglycerides (mg per dL) x fasting glucose (mg per dL))/2.

The TyG index was then used as both a continuous variable and as quartiles for further analyses, where Q1 had the
lowest (reference category) and Q4 had the highest value.

Endpoint Ascertainment

All subjects with a history of COPD at baseline (according to self-reported COPD or COPD recorded as part of any
patient registers) were excluded. The International Classification of Diseases (ICD) 8 codes 490-492, ICD 9 codes 490—
492 and 496, and ICD 10 codes J40-J44 were used to define incident COPD events.”*** An incident COPD event was
defined as a first COPD hospitalisation, outpatient visit or death due to COPD in those with no previous COPD diagnosis
and was established from hospital discharge summaries, outpatient data from Swedish hospitals (additional outpatient
data specifically from Region Skéane) and information on death certificates. COPD as the primary cause or Ist or 2nd
secondary cause for hospital admission, outpatient review or death was used to define an incident COPD event. The
Swedish inpatient registry had been operating in the south of Sweden during the entire follow-up period and became
nationwide in 1987. Data from the Swedish inpatient registry has been found to be of acceptable validity for
epidemiological research, including the outcome of COPD.* All subjects were followed from the baseline examination
until the first COPD event, death from other causes, emigration or last follow-up date (31st December, 2019).

Statistical Analysis

All analyses were carried out using SPSS version 26 (IBM Corp., Armonk, NY, USA). One-way analysis of variance
(ANOVA) and Pearson’s chi-square test were used to analyse baseline characteristics across quartiles of TyG index. Cox
regression models were used to obtain hazard ratios (HR) for incident COPD events per 1-unit increase in the TyG index
and across the quartiles. Time from baseline examination to the first incident COPD event, death from other causes or
emigration — whichever came first, was used. Cox proportional hazards assumption was tested using time-dependent
covariate analysis for men and women separately and visually using Kaplan—Meier plots. Adjustments were made for
potential confounders. Confounders to be included in the models were based on known risk factors for a raised TyG
index and COPD that may affect the exposure—outcome relationship. As there was a significant interaction between sex
and TyG index (p < 0.001), sex-specific quartiles were constructed to examine men and women separately. In order to
fully exclude the role of smoking, we performed additional analyses in different categories of smoking status including
life-long never smokers. A p-value <0.05 was regarded as statistically significant (two-sided). The p-trend across
quartiles was calculated by entering the quartiles of TyG index variable as a continuous term in the Cox models.

Results

Only 3.1% of the total population had prevalent diabetes at baseline and 4.7% were taking antihypertensive drugs. Less
than half of the population had a BMI >25.0 kg/m2 (38.8%). Baseline characteristics are presented in Table 1. There was
a lower proportion of women in Q4 of TyG index as compared to Q1. Height, BMI, ESR, proportion of ever-smokers,
heavy smokers, subjects taking anti-hypertensive medicationand subjects with CVD or diabetes increased as the TyG
index increased (p < 0.001 for all). The FEV1/FVC ratio decreased as the TyG index increased (p < 0.001). Broadly
similar patterns were observed in women and men when examined separately (Supplement Table S1). A higher

proportion of men were heavy smokers in Q4 compared to women, and a higher proportion of women were taking
antihypertensive drugs in Q4 compared to men.

Incidence of COPD

Mean follow-up time was 31.4 (SD + 10.3) years from baseline. There were 3369 incident COPD events (n= 1019 in women and
n = 2350 in men). Kaplan—-Meier plots are shown in Figures 1-3. HR of incident COPD events by quatrtiles of the TyG index are
shown in Table 2. After full adjustments (Model 3), there was still a 21% increase in risk for incident COPD events in Q4 vs Q1
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Table | Baseline Characteristics per Quartile (Ql—4) of TyG Index (n = 28,282)

Ql Q2 Q3 Q4 p-value
(n=7060) (n=7085) (n=7066) (n=7071)
TyG index 3.384.40 4.40-4.57 4.57-4.75 4.75-6.70 -
Age (years) 44.7 (£7.5) 44.5 (£7.3) 44.2 (£7.3) 44.6 (£6.7) 0.037
Sex (%women) 41.8 28.1 21.7 13.0 <0.001
Height (m) 1.72 (£0.09) 1.73 (x0.09) 1.74 (x0.09) 1.75 (£0.08) <0.001
BMI (kg/m?) 23.1 (£2.9) 23.8 (£3.2) 24.7 (£3.4) 26.2 (£3.7) <0.001
ESR (mm/h) * 4.70 4.73 4.79 4.93 <0.001
Never smokers, 43.7 357 325 28.1 <0.001
Ever smokers (%) 56.3 64.3 67.5 71.9
Smoking amount >20 cig/day (%) 6.0 9.5 1.4 15.1 <0.001
FEV,/FVC 0.80 (+0.09) 0.79 (x0.09) 0.78 (+0.09) 0.78 (+0.09) <0.001
Prevalent CVD (%) 0.6 0.8 0.8 1.6 <0.001
Prevalent diabetes (%) 0.6 0.7 1.6 9.4 <0.001
AHT (%) 2.6 37 43 8.4 <0.001
Insulin (mIU/I)* ? 5.69 6.52 7.28 9.49 0.001

Notes: Data presented as mean (tstandard deviation) unless otherwise stated. *Geometric mean presented for ESR. Linear by linear association for chi square tests used
for p value for categorical variables, ANOVA test for linearity used for p value for continuous variables. *Data from 6770 subjects.

Abbreviations: TyG, triglyceride-glucose; FEV |, forced expiratory volume in | second; FVC, forced vital capacity; ESR, erythrocyte sedimentation rate; CVD, cardiovascular
disease; BMI, body mass index; AHT, antihypertensive drug treatment.

(reference) (p-trend: <0.001). Sex-specific results are also presented in Table 2. The risk remained strongly significant in women
but non-significant in men after full adjustments (HR in women Q4 vs Q1 1.72 (1.41-2.09), p-trend <0.001, HR in men Q4 vs Q1
1.01 (0.89-1.14), p-trend: >0.5). Similar associations were seen when assessing incident COPD events per 1-unit increase in the
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Figure | Kaplan—Meier survival curves of incident COPD by quartiles of TyG index. QI: lowest TyG index, Q4: Highest TyG index.
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Figure 2 Kaplan—Meier event-free survival curves of incident COPD by quartiles of TyG index in women QI: lowest TyG index, Q4: Highest TyG index.
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Figure 3 Kaplan—Meier event-free survival curves of incident COPD by quartiles of TyG index in men QI: lowest TyG index, Q4: Highest TyG index.

TyG index (Table 2). In a subset of never-smokers at baseline (n = 9898), there remained a 47% increase in risk for incident
COPD events in Q4 of TyG index vs Q1 (reference) (Table 3 and Supplement Table S2) even after full adjustments. We
additionally carried out a sensitivity analysis of incident COPD with sex-specific quartiles of TyG index after excluding subjects

with prevalent diabetes at baseline (Supplement Table S3). Results remained largely unchanged from the results presented in

Table 2 where the analysis was adjusted for prevalent diabetes.
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Table 2 Incidence of COPD Events by Quartiles of and by | Unit Increase in TyG Index
Ql Q2 Q3 Q4 Per | Unit p-value for
Increase I Unit Increase

All (n=28,282) 3.38-4.40 4.40-4.57 4.57-4.75 4.75-6.70

(n=7060) (n=7085) (n=7066) (n=7071)
COPD events n 719 3.1) 874 (3.9) 891 (4.0) 885 (4.2)
(n /1000 person-years)
Model | 1.00 (reference) | 1.25 (1.14-1.39) | 1.31 (1.19-1.44) | 1.42 (1.29-1.57) | 1.61 (1.43-1.82) | <0.00I
Model 2 1.00 (reference) | 1.20 (1.08-1.32) | 1.26 (1.14-1.39) | 1.29 (I.16-1.43) | 1.44 (1.26-1.65) | <0.00I
Model 3 1.00 (reference) | I.16 (1.05-1.29) | 1.23 (I.11-1.36) | 1.21 (1.09-1.35) | 1.33 (1.16-1.53) | <0.00I
Women (n=7390) 3.58-4.30 4.30-4.46 4.46-4.62 4.62-6.24

(n=1845) (n=1851) (n=1847) (n=1847)
COPD events n 174 (2.9) 235 (4.1) 270 (4.7) 340 (6.2)
(n /1000 person-years)
Model | 1.00 (reference) | .41 (1.16-1.72) | 1.64 (1.36-1.99) | 2.21 (1.84-2.66) | 3.38 (2.66—4.28) | <0.00I
Model 2 1.00 (reference) | 1.29 (1.06-1.57) | 1.45 (1.19-1.75) | 1.86 (1.54-2.25) | 2.50 (1.94-3.23) | <0.00I
Model 3 1.00 (reference) | 1.25 (1.03—1.53) | 1.34 (1.10-1.62) | 1.72 (1.41-2.09) | 2.19 (1.67-2.88) | <0.00I
Men (n=20,892) 3.38-4.44 4.44-4.60 4.61-4.79 4.79-6.70

(n=5237) (n=5206) (n=5225) (n=5224)
COPD events n 566 (3.3) 570 3.4) 620 (3.8) 594 (3.8)
(n /1000 person-years)
Model | 1.00 (reference) | 1.07 (0.95-1.20) | 1.19 (1.06-1.33) | 1.25 (I.12-1.40) | 1.50 (1.29-1.73) | <0.00I
Model 2 1.00 (reference) | 0.96 (0.86—1.08) | 1.05 (0.93-1.18) | 1.02 (0.91-1.16) | 1.18 (1.01-1.39) | 0.04I
Model 3 1.00 (reference) | 0.99 (0.88—1.11) | 1.06 (0.95-1.19) | 1.0l (0.89—1.14) | 1.14 (0.97-1.34) | 0.118

Notes: Model |: Unadjusted. Model 2: age, sex, height, BMI, smoking status, smoking amount >20 cig/day. Model 3: age, sex, height, BMI, smoking status, smoking amount

>20 cig/day, FEV/FVC, physical activity, prevalent CVD, prevalent diabetes, antihypertensive drugs. Adjusted for sex only in overall analysis (n=28,282).

Abbreviations: Q, quartiles; COPD, chronic obstructive pulmonary disease.

Table 3 Incidence of COPD Events by Quartiles of and by | Unit Increase in the TyG Index in Never Smokers (n = 9898)

QI 3.38-4.35 Q2 4.35-4.52 Q3 4.52-4.70 Q44.70-6.14 Per |1 Unit p-value for
Increase I Unit Increase
COPD events n 77 (0.9) 90 (1.0) 105 (1.2) 132 (1.6)
(n /1000 person-years)
Model | 1.00 (reference) 1.15 (0.85-1.56) 1.36 (1.01-1.82) 1.83 (1.38-2.43) | 2.41 (1.71-3.38) | <0.001
Model 2 1.00 (reference) 1.12 (0.83-1.53) 1.27 (0.93-1.72) 1.53 (1.13-2.08) 1.91 (1.30-2.78) | <0.001
Model 3 1.00 (reference) 1.07 (0.78-1.45) 1.22 (0.90-1.65) 1.47 (1.08-2.01) 1.80 (1.21-2.67) | 0.004

Notes: Model |: Unadjusted. Model 2: age, sex, height, BMI. Model 3: age, sex, height, BMI, FEV,/FVC, physical activity, prevalent CVD, prevalent diabetes, antihypertensive drugs.
Abbreviations: Q, quartiles; COPD, chronic obstructive pulmonary disease.

Discussion

The main finding of this study is that the TyG index is a strong predictor of future COPD events in women. This is
a novel finding illustrating sex-differences in the association between estimated insulin resistance using TyG index and
COPD risk.
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Our findings are in accordance with the results of previously published studies using HOMA-IR to assess insulin
resistance.'®!""132%27 Zuberi et al assessed HOMA-IR index in relation to COPD and found a high prevalence of insulin
resistance in non-hypoxaemic COPD.?® The relationship between insulin resistance using HOMA-IR index and lung
function has been found in relation to lung volumes and it has therefore been suggested that this relationship may reflect
childhood exposures that affect both lung growth and programming effects on insulin sensitivity.'> The effects of insulin
and insulin resistance on the lung and airways have been found to begin early in life. Insulin receptors are important
during development of the foetal lung and therefore maternal glycaemic levels are thought to influence foetal lung
maturation.”® Long-term raised insulin levels, reflecting underlying insulin resistance, have been found to be associated
with reduced lung function in adults even in those without known diabetes.?” An additional explanation could be the role
of advanced glycation end-products (AGEs) and its receptor (receptor for advanced glycation end-products (RAGE)) on
the lung. AGEs are formed in response to hyperglycaemia and are implicated in the pathophysiology of COPD. Binding
of AGEs to their receptor RAGE — which is highly expressed in the lung, causes an increase in inflammatory response
and has been therefore implicated in the development of COPD.?

We are aware of only one previous study that has assessed the TyG index as a marker of respiratory health.'® The study
found the TyG index to have a cross-sectional association with respiratory symptoms, restrictive spirometry pattern, and the
presence of self-reported chronic bronchitis. In our prospective analysis, we found an association between TyG index and
incident COPD events which included inpatient and outpatient COPD events as well as deaths due to COPD. The trajectory
of restrictive spirometry (or preserved ratio impaired spirometry) has included a transition to COPD later in life’® which
may explain the long-term relationship to COPD risk found in our cohort. An important difference in our study is that the
population at baseline was considerably healthier. The previous cross-sectional study found a high proportion of over-
weight/obese participants at baseline, high proportion of hypertension and more than half with MetS at baseline. In our
cohort, we found a low baseline prevalence of diabetes, low use of anti-hypertensive medication and less than half of the
population had a BMI over 25 kg/m2. This adds strength to our study as we see a potential role for a measure of insulin
sensitivity to be a biomarker for future COPD events earlier in life when subjects are relatively healthy.

We did, however, see this risk in women only, which may suggest some sex-differences in the life-time risks of
COPD in relation to early insulin resistance. The prevalence and mortality of COPD in women has increased’' and as
women are generally thought as being less “heavy” smokers than men (as evidenced also in the present study), it is
thought that women may therefore be more susceptible to the effects of smoking and development of COPD.** There are
also differences in the histological pattern of COPD between men and women. Women tend to have more pronounced
small airway disease and less emphysema, whereas men tend to exhibit more emphysema.’> We also found the
association in women to be present after adjusting for smoking. Interestingly, COPD that is associated with household
air pollution is also associated with small airways disease compared to emphysema>> and it is additionally more likely to
occur in women in a global perspective.’® It may be possible that the effects of insulin resistance on the pathophysiology
of lung disease differ in men and women, leading to more small airway disease in women. The risk of coronary heart
disease associated with T2DM or insulin resistance as measured by the TyG index has been found to be more significant
in women.***> Qestrogen elicits a protective effect on insulin resistance by promoting insulin sensitivity and an increase
in insulin resistance and the MetS is seen in post-menopausal women, increasing the CVD risk.*® However, the
association with COPD in these women seems to be less clear,”’ therefore it is unlikely that this explains the sex-
differences in our findings.

Although a recent cross-sectional study found an association between the TyG index and respiratory symptoms after
adjusting for the HOMA-IR, the association between TyG index and chronic bronchitis became non-significant after
adjusting for HOMA-IR.'® After further adjusting the association between TyG index and respiratory symptoms for
MetS, only cough remained significant. The study concludes that the TyG index is an adequate measure of metabolic
dysfunction with importance for pulmonary outcomes.'® Further studies are needed to assess the long-term risk of
pulmonary outcomes associated with TyG index, and we feel that we have addressed a notable knowledge gap being the
first prospective study to assess the role of the TyG index as a risk biomarker for impaired lung health.
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Limitations

Prospective studies of this nature are prone to certain biases that can occur over the long course of follow-up. Certain risk
factors/markers measured at baseline could have changed over the long follow-up period such as a subject’s smoking
status, medication use, BMI and co-morbidities. A change in smoking status during follow-up would affect the outcome
of COPD. However, it is unlikely that study participants would have taken up smoking during the duration of the study as
the prevalence of smoking in Sweden declined over the follow-up period.>® It is likely that many of the subjects with
raised TyG index at baseline developed T2DM during follow-up acting therefore as a mediator. We adjusted the analysis
for prevalent diabetes and also carried out a sensitivity analysis after excluding those with prevalent diabetes. Although
our COPD endpoints include inpatient, outpatient and deaths due to COPD, the incident outpatient diagnoses make up
a small proportion of the total incident cases. Therefore, the majority of the cases reflect COPD hospitalisations or deaths
due to COPD, which represent the more severe end of the disease spectrum. Our findings may therefore be more relevant
for more severe COPD than for milder cases that are managed in primary health care. However, our findings remain
significant after both adjusting for smoking status and in a cohort of life-long never smokers. These findings provide
considerable support to our hypothesis that there is potentially a role of the insulin resistance, as estimated by the TyG
index, in the pathogenesis of future COPD, which goes beyond the role of smoking.

Conclusion

A raised TyG index is a novel risk marker of future incident COPD events in women. Insulin resistance as estimated by
the TyG index can precede the development of obstructive lung disease and as such may be an easily measurable and
useful biomarker predictor of COPD in women.
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