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Abstract 43 

Background: The effects of glycemic status and insulin resistance on lung cancer remain 44 

unclear. We investigated the associations between both glycemic status and insulin resistance, 45 

and lung cancer mortality, in a young and middle-aged population with and without diabetes.  46 

Methods: This cohort study involved individuals who participated in routine health 47 

examinations. Lung cancer mortality was identified using national death records. Cox-48 

proportional hazards models were used to calculate hazard ratios (HRs) with 95% CIs for 49 

lung cancer mortality risk.  50 

Results: Among 666,888 individuals (mean age 39.9±10.9 years) followed for 8.3 years 51 

(interquartile range, 4.6–12.7), 602 lung cancer deaths occurred. Among individuals without 52 

diabetes, the multivariable-adjusted HRs (95% CI) for lung cancer mortality comparing 53 

hemoglobin A1c categories (5.7–5.9, 6.0–6.4, and ≥ 6.5% or 36–38, 39–46, and ≥ 48 54 

mmol/mol, respectively) with the reference (< 5.7% or < 36 mmol/mol) were 1.39 (1.13–55 

1.71), 1.72 (1.33–2.20), and 2.22 (1.56–3.17), respectively. Lung cancer mortality was 56 

associated with fasting blood glucose categories in a dose-response manner (P for trend = 57 

0.001) and with previously diagnosed diabetes. Insulin resistance (HOMA-IR ≥ 2.5) in 58 

individuals without diabetes was also associated with lung cancer mortality (multivariable-59 

adjusted HR, 1.41; 95% CI, 1.13–1.75). These associations remained after adjusting for 60 

changing status in glucose, hemoglobin A1c, insulin resistance, smoking status, and other 61 

confounders during follow-up as time-varying covariates.  62 

Conclusions: Glycemic status within both diabetes and prediabetes ranges and insulin 63 

resistance were independently associated with an increased risk of lung cancer mortality.  64 
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Background 69 

Lung cancer is the first and second most common cancer worldwide in men and women 70 

respectively [1], and the leading cause of cancer death despite advancements in screening and 71 

treatment [1]. Cigarette smoking remains the leading risk factor [1], though a significant 72 

proportion of lung cancer cases occur in never-smokers [2], with a recent rise in non-smoking 73 

cases [3, 4]. Additionally, a higher incidence of lung cancer among young women than men 74 

has been reported, unexplained by smoking differences [5]. Thus, identifying additional 75 

modifiable risk factors in a cohort including young and middle-aged participants may 76 

improve screening and prevention strategies, ultimately reducing lung cancer mortality. 77 

The prevalence of diabetes is increasing worldwide, with an estimated 1 in 11 adults 78 

affected [6]. Diabetes is associated with an increased risk of cardiovascular diseases, as well 79 

as certain cancers, particularly pancreatic and liver cancers [6], and premature mortality [7]. 80 

Insulin resistance, hyperinsulinemia, and hyperglycemia, associated with diabetes, may 81 

promote cancer cell growth [8], yet studies on diabetes and lung cancer risk have shown 82 

inconsistent findings [9], ranging from positive [10, 11], to negative [12], or null [13] 83 

associations. Many studies have defined prevalent diabetes as the exposure of interest, 84 

although a few studies considered incident diabetes or time-varying diabetes status during 85 

follow-up [10, 11]. Indeed, prevalent diabetes can vary in duration, exposure to glucose-86 

lowering medications (including insulin), and complications, making it difficult to determine 87 

the role of hyperglycemia or insulin resistance per se in lung cancer development. 88 

Furthermore, a significant proportion of individuals who have prediabetes were included in 89 

control groups although prediabetes is a state that is often accompanied by insulin resistance 90 

and is associated with an increased risk of some cancers, and also all-cause and cancer 91 

mortality [14, 15]. 92 

Currently, no single study has tested the effect of prediabetes, hemoglobin A1c (HbA1c), 93 
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and measures of insulin resistance on lung cancer mortality. A Japanese study reported that 94 

elevated 2-hour postload glucose levels were associated with lung cancer deaths, but did not 95 

find increased risk with elevated fasting blood glucose (FBG) levels, and did not evaluate 96 

HbA1c [16]. HbA1c is reflective of glucose concentrations in the previous 2–3 months and is 97 

more strongly associated with cardiovascular disease risk and death than fasting blood 98 

glucose (FBG) levels even in people without diabetes [17, 18]; however, no studies to date 99 

have addressed the association between HbA1c with lung cancer mortality. Insulin resistance, 100 

a key pathogenic component of diabetes, precedes diabetes [19] and may improve along with 101 

hyperglycemia through health behavior modifications before the onset of diabetes. Therefore, 102 

elucidating the association between insulin resistance and hyperglycemia and lung cancer 103 

mortality has clinical significance in the establishment of preventive measures for 104 

metabolically-associated neoplasms. Moreover, due to the high lung cancer mortality rates 105 

[1], mortality can serve as a proxy marker for incidence, and is linked to survival [20]. 106 

Hence, we investigated the associations between glycemic status in both the prediabetes 107 

and diabetes ranges, and insulin resistance, with lung cancer mortality, using a large sample 108 

of mostly young and middle-aged Korean men and women with and without diabetes. 109 

 110 

Methods 111 

Study population  112 

This cohort study was part of the Kangbuk Samsung Health Study, which included adults 113 

who participated in health examinations at the Kangbuk Samsung Hospital Total Healthcare 114 

Centers in Seoul and Suwon, South Korea [21]. More than 80% of the participants were 115 

employees of companies and governmental organizations or their spouses, whereas the 116 

remainder voluntarily enrolled in the health examination program. In South Korea, the 117 

Industrial Safety and Health Law requires employees to undergo annual or biennial health 118 
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examinations. 119 

This study included participants who underwent health examinations between 2005 and 120 

2019 (n = 682,030). A total of 15,142 participants were excluded because of unknown data on 121 

vital status (n = 3); missing data on FBG, HbA1c, and BMI (n = 1,423); and previous history 122 

of cancer (n = 13,734). Some participants met more than one exclusion criteria; hence, 123 

666,888 participants were ultimately included in the analysis. This study was conducted in 124 

accordance with the Declaration of Helsinki and approved by the Institutional Review Board 125 

of Kangbuk Samsung Hospital (IRB no. KBSMC 2022-05-009), which waived the 126 

requirement for informed consent because we used a preexisting de-identified dataset of 127 

routinely collected data linked to mortality data from the Korean National Statistical Office.  128 

 129 

Data collection  130 

Information on demographic characteristics, health behaviors, and medical history were 131 

collected using standardized self-administered questionnaires at baseline [21].  132 

Smoking status was classified as never, former, or current smoker. Alcohol intake was 133 

categorized as none, < 20 g/day, or ≥ 20 g/day. Regular exercise was assessed as a weekly 134 

frequency of moderate-to-vigorous activity and categorized as < 3 and ≥ 3 times/week. 135 

Participants were considered to have a family history of cancer if ≥ 1 first-degree relative 136 

with any cancer type was present. 137 

Trained nurses measured the sitting blood pressure, height, and weight of each participant. 138 

Hypertension was defined as blood pressure ≥ 140/90 mmHg or self-reported 139 

antihypertensive medication use. Obesity was defined as BMI ≥ 25 kg/m2, the proposed 140 

cutoff for diagnosing obesity in Asians [22].  141 

Study participants were instructed to fast for at least 10 hours before the blood tests, which 142 

included glycemic status markers (FBG, HbA1c, insulin); lipid levels (total cholesterol, 143 
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triglycerides, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol); and 144 

alanine aminotransferase and high-sensitivity C-reactive protein levels. Fasting insulin was 145 

measured using immunoradiometric assays (BioSource, Nivelles, Belgium) from 2002 to 146 

2009, and the Modular E170 system (Roche Diagnostics, Tokyo, Japan) thereafter. Insulin 147 

resistance was assessed using the homeostatic model assessment of insulin resistance 148 

(HOMA-IR) equation with a cutoff value of 2.5 as follows: fasting blood insulin (IU/L) × 149 

FBG (mg/dL)/405 [23].  150 

FBG levels were categorized as FBG < 90, 90–99, 100–125, and ≥ 126 mg/dL (< 5.0, 5.0–151 

5.5, 5.6–6.9, and ≥ 7.0 mmol/L, respectively). HbA1c was categorized as < 5.7, 5.7–5.9, 6.0–152 

6.4, and ≥ 6.5% (< 36, 36–38, 39–46, and ≥ 48 mmol/mol, respectively). Diabetes was 153 

categorized into two groups: previously diagnosed diabetes, which was defined by self-154 

reported physician-diagnosed diabetes or current glucose-lowering medication use, and 155 

screen-detected diabetes, defined as FBG ≥ 126 mg/dL (7.0 mmol/L) or HbA1c ≥ 6.5% (48 156 

mmol/mol) measured during health examinations. 157 

Mortality follow-up until December 31st, 2020 was based on nationwide death certificate 158 

data retrieved from the Korean National Statistical Office, which provided the date and cause 159 

of death according to the International Statistical Classification of Diseases and Related 160 

Health Problems, Tenth Revision (ICD-10). Death certificate data are virtually 100% 161 

complete because of the legal requirement to report deaths in Korea. The majority (94.9%) of 162 

people with cancer of any site as the cause of death were also found to have a record of 163 

cancer diagnosis in the medical utilization data [24]. Lung cancer mortality was defined as 164 

death due to malignant neoplasm of the trachea, bronchus, and lung (C33 and C34 in the 165 

ICD-10). 166 

 167 

Statistical analysis  168 
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We used descriptive statistics to analyze participants’ characteristics according to lung cancer 169 

mortality. Owing to differences in age and sex among patients with and without lung cancer 170 

mortality, the baseline characteristics are shown as age- and sex-adjusted means or 171 

proportions and 95% CIs.  172 

The primary outcome was lung cancer mortality. Patients who died owing to other causes 173 

were censored at the date of death. We also performed sensitivity analyses to minimize 174 

subclinical cancer events at baseline by excluding lung cancer mortality within the first 2–4 175 

years of follow-up. 176 

Cox proportional hazards regression analyses were performed to compute hazard ratios 177 

(HRs) and 95% CIs for lung cancer mortality. Age was used as the timescale; we considered 178 

the age when participants received their first health examination (left truncation) and when 179 

they exited the analysis, on the date of their death or on December 31, 2020. This approach 180 

effectively controlled for age. The proportional hazards assumption was assessed by 181 

analyzing graphs of the estimated log (-log[SURVIVAL]); no violation of the assumption was 182 

found.  183 

Models analyzing the association between glycemic status and lung cancer mortality were 184 

initially adjusted for age (as the timescale) and sex. Models were then additionally adjusted 185 

for potential confounders. These included study center (Seoul or Suwon); screening year; 186 

smoking status (never, ever, current smoker, or unknown); regular exercise (< 3, ≥ 3 187 

times/week, or unknown); BMI; education level (< community college graduate, ≥ 188 

community college graduate, or unknown); history of hypertension; dyslipidemia medication 189 

use; history of chronic obstructive pulmonary disease (COPD); history of asthma; and family 190 

history of cancer. Additionally, to evaluate the impact of changes in glycemic status markers 191 

and other covariates and potential confounders, between baseline and follow-up, we 192 

introduced FBG, HbA1c, HOMA-IR, smoking status, and other potential confounders as 193 
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time-varying covariates in additional analyses. To test for linear trends, the median value for 194 

each category was included as a continuous variable in each model. 195 

Subgroup analyses were performed according to age (<50 and ≥50 years), sex (female and 196 

male), and smoking status (never or ever). Interactions between glycemic status categories 197 

and subgroup characteristics were tested using likelihood ratio tests to compare models with 198 

and without multiplicative interaction terms. We additionally examined the association 199 

between diabetes duration and age at diagnosis of diabetes with lung cancer mortality. We 200 

also examined the association between waist circumference and lung cancer mortality, as 201 

waist circumference is associated with insulin resistance [25].  202 

Statistical analyses were performed using Stata version 17.0 (StataCorp LP, College 203 

Station, TX, USA). The reported p values were two-tailed, and p values < 0.05 indicated 204 

statistical significance.  205 

 206 

Results 207 

The baseline participant characteristics are shown in Table 1. The mean age of participants 208 

was 39.9 years (SD, 10.9; median, 37; interquartile range, 31.6–45.4 years). The mean age of 209 

participants who died of lung cancer was 59.3 years at baseline, in contrast to 39.9 years in 210 

those who did not die of lung cancer during follow-up. Lung cancer mortality was positively 211 

associated with older age, male sex, current smoking status, COPD, and asthma and inversely 212 

associated with BMI, education level, dyslipidemia medication use, and family history of 213 

cancer.  214 

During 5,681,158 person-years of follow-up, 602 incident lung cancer deaths occurred, and 215 

the total lung cancer mortality rate was 10.6 per 105 person-years. The median follow-up 216 

duration was 8.3 years (interquartile range, 4.6–12.7; maximum, 15.8 years). After 217 

adjustment for age and sex, increased HbA1c and FBG levels and previously diagnosed 218 
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diabetes were positively associated with lung cancer mortality (Table 2). After adjusting for 219 

additional confounders, the associations of increased FBG and HbA1c levels and previously 220 

diagnosed diabetes with lung cancer mortality were consistently observed. The multivariable-221 

adjusted HRs (95% CIs) for lung cancer mortality comparing HbA1c categories (5.7–5.9, 222 

6.0–6.4, ≥ 6.5%) and previously diagnosed diabetes with HbA1c < 5.7% as the reference are 223 

shown in Table 2. 224 

Insulin resistance defined as HOMA-IR ≥ 2.5 among participants without diabetes also 225 

showed a positive association with lung cancer mortality after adjustments for confounders, 226 

with a multivariable-adjusted HR (95% CI) of 1.41 (1.13–1.75). The observed associations 227 

remained significant in the time-dependent models including glycemic status markers (FBG, 228 

HbA1c), insulin resistance, and confounders analyzed as time-varying covariates (Table 2).  229 

In the analysis according to clinically relevant subgroups, there were no significant 230 

interactions in associations of HbA1c concentration, FBG level, and insulin resistance with 231 

lung cancer mortality (Supplementary Tables S1 and S2).  232 

In the sensitivity analysis excluding lung cancer mortality during the first 2, 3, and 4 years 233 

of follow-up, the associations of glycemic status, insulin resistance, and diabetes with lung 234 

cancer mortality remained significant (Supplementary Table S3). There was no evidence of 235 

increased risk with increasing diabetes duration and age at diagnosis of diabetes with lung 236 

cancer mortality (Supplementary Table S4 and S5). We additionally found that abdominal 237 

obesity was associated with lung cancer mortality (multivariable-adjusted HR 1.72, 95% CI 238 

1.34–2.22), and that each 1-cm increase in waist circumference was also associated with lung 239 

cancer mortality (multivariable-adjusted HR 1.05, 95% CI 1.02–1.07) (Supplementary Table 240 

S6). 241 

   242 

Discussion 243 
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In this retrospective cohort study, hyperglycemia based on both FBG and HbA1c levels was 244 

associated with lung cancer mortality risk in a dose-response manner among participants 245 

without previously diagnosed diabetes, and the increased risk began within the prediabetes 246 

range. Both screen-detected and previously diagnosed diabetes and insulin resistance were 247 

independently associated with lung cancer mortality. Our study included the analysis of 248 

multiple major confounders and health behaviors, and adjustments for these factors did not 249 

materially affect the associations. These associations also remained consistent when temporal 250 

changes in glycemic status, insulin resistance, and health behaviors over time during follow-251 

up were treated as time-varying covariates. Moreover, there were no significant interactions 252 

among the subgroups, and notably, the association between insulin resistance and lung cancer 253 

mortality persisted in never-smokers. Our results suggest that hyperglycemia and insulin 254 

resistance are independently associated with lung cancer mortality, even in individuals 255 

without diabetes.  256 

Previous studies analyzing the relationship between hyperglycemia in the prediabetes 257 

range and lung cancer are scarce [16]. A Japanese cohort study reported that impaired glucose 258 

tolerance assessed by the 2-hour post-load glucose concentration in the non-diabetes range 259 

was associated with lung cancer mortality, but did not adjust for important confounders such 260 

as smoking status, and reported a null association for impaired fasting hyperglycemia [16]. 261 

Another cohort study reported that increased HbA1c was associated with increased lung 262 

cancer risk, although it included diabetes in the analysis by adjusting for it as a confounding 263 

variable and did not analyze associations in the prediabetes range [26]. Our study is the first 264 

to show that both increased FBG and HbA1c levels in the prediabetes range are associated 265 

with lung cancer mortality among individuals without diabetes. 266 

Furthermore, our study is the first to include a cohort of both men and women and show an 267 

independent association between insulin resistance and lung cancer mortality among 268 
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individuals without diabetes. Waist circumference, which is associated with insulin resistance 269 

[25], was also associated with lung cancer mortality, consistent with a previous study which 270 

showed increased risk of lung cancer mortality with higher waist circumference [27]. A few 271 

studies have suggested that insulin resistance is associated with lung cancer risk [28-30], yet 272 

others failed to show an association with lung cancer mortality [31]. One study reported a 273 

positive association between HOMA-IR and lung cancer risk; however, this was a cross-274 

sectional study that did not assess diabetes status [28].  275 

A cohort study reported an increased lung cancer risk in the highest quartile of insulin 276 

levels with a similar trend among people without diabetes; however the study included only 277 

male smokers and the association was not found in people within higher glucose quartiles 278 

[29]. Similarly, a Mendelian randomization study suggested an association between fasting 279 

insulin and lung cancer risk [30], whereas another study reported no association between type 280 

2 diabetes and lung cancer risk [32]. In light of these findings, insulin resistance with 281 

hyperinsulinemia may be the key factor influencing the association between glycemic status 282 

and lung cancer risk. One study that analyzed cancer incidence according to diabetes duration 283 

found that cancer incidence peaked along with C-peptide levels at 4–8 years after diabetes 284 

diagnosis, whereas with longer durations of diabetes, cancer risk gradually decreased along 285 

with C-peptide levels, probably owing to β-cell exhaustion, indicating a role of 286 

hyperinsulinemia in cancer development [11]. Insulin resistance plays an important role in the 287 

pathogenesis of type 2 diabetes [19]. In addition, glucose-lowering medications show 288 

inconsistent associations with lung cancer risk, that is, an apparent decreased risk with 289 

metformin [33] and increased risk with insulin and insulin secretagogues, with potential for 290 

confounding by indication [34]. 291 

Regarding the association between diabetes and lung cancer risk, previous cohort studies 292 

have reported inconsistent findings [10, 12], and meta-analyses have reported no significant 293 
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associations overall in men and increased risk among women [9, 35]. The substantial 294 

heterogeneity between the included studies may be responsible for these inconsistencies. The 295 

heterogeneity between studies in men was substantial, whereas the heterogeneity between 296 

studies in women was low [9, 35]. In our study, there was no significant interaction by sex for 297 

the association between glycemic status and insulin resistance and lung cancer mortality, 298 

although there were a smaller number of lung cancer deaths in women (123 vs. 479). While 299 

previously diagnosed diabetes was associated with increased lung cancer mortality risk, the 300 

risk was even stronger in screen-detected diabetes. Other studies have also suggested that 301 

cancer risk is highest in the years immediately after diabetes diagnosis, with the potential for 302 

reverse causality [10]. Nonetheless, the association between glycemic status, insulin 303 

resistance, and lung cancer mortality remained consistent in our sensitivity analysis in which 304 

we excluded cancer events during the first 2 to 4 years of follow-up. 305 

Lung cancer is generally diagnosed among older populations; according to a national lung 306 

cancer patient registry in Korea, the median age at diagnosis was 70 years [36]. Although we 307 

did not have data on lung cancer incidence, the median age at death among participants who 308 

died of lung cancer was even lower at 68 years (interquartile range, 60.1 to 74.5 years), 309 

probably because our cohort consisted of mostly a young and middle-aged population. 310 

Previous studies analyzing young vs. older lung cancer patients reported that younger patients 311 

had more advanced stage at diagnosis [37, 38]. The observed higher lung cancer mortality in 312 

a relatively young population with hyperglycemia and insulin resistance might be attributed 313 

to these later-stage diagnoses. However, further research is necessary, as specific information 314 

on cancer stages and incidence rates was not available for this study. . Nonetheless, the 315 

associations between glucose levels, HbA1c, and insulin resistance with lung cancer 316 

mortality did not differ in the subgroup analysis of the age groups < 50 vs. ≥ 50.  317 

Several plausible mechanisms may underlie the association between insulin resistance, 318 
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glycemic status, and lung cancer mortality. Increased insulin exposure due to insulin 319 

resistance or even insulin administration in patients with diabetes may contribute to 320 

carcinogenesis [8] through the upregulation of IGF-I activity or downregulation of IGF-321 

binding protein-1 activity [39]. IGF-I is involved in cell proliferation, migration, and 322 

apoptosis [40], and IGF-I and IGF-II levels were reportedly found in higher levels in 323 

bronchial tissue with high-grade dysplasia than in normal tissue [41]. Insulin also stimulates 324 

the Ras signaling pathway, which is important in lung carcinogenesis [42] and may also 325 

stimulate local angiogenesis [43] or promote tumor cell growth through insulin receptors on 326 

lung cancer cells [44]. In turn, hyperglycemia causes oxidative stress and chronic 327 

inflammation, which may cause damage to DNA and the lungs [45], increasing susceptibility 328 

to carcinogenesis and promoting cancer proliferation through the induction of epidermal 329 

growth factor. Hyperglycemia may also promote tumor invasion and metastasis through 330 

upregulation of the transforming growth factor-beta1/phosphoinositide 3-kinase/protein 331 

kinase B signaling pathway [46]. 332 

 333 

Strengths and limitations 334 

Our study included a large longitudinal cohort of mostly young and middle-aged participants 335 

free of cancer at baseline, with a long follow-up period and adjustments for multiple 336 

confounders. However, our study had some limitations. First, information on the type of 337 

diabetes and glucose-lowering medication was unavailable. However, most people in our 338 

cohort had type 2 diabetes [6], and the prevalence of type 1 diabetes is reported as only 339 

1.19% of all patients living with diabetes in Korea [47]. In addition, in our study, all 340 

previously diagnosed and screen-detected diabetes and insulin resistance, a pathogenic factor 341 

for type 2 diabetes, was associated with lung cancer mortality. Second, screen-detected 342 

diabetes was identified using a single FBG and HbA1c measurement, whereas guidelines 343 
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recommend repeated testing for confirmation of diabetes diagnosis. However, HbA1c levels 344 

reflect chronic hyperglycemia and exhibit low biological variability [18]. In addition, our 345 

main results remained unchanged in participants with screen-detected diabetes identified 346 

through both FBG and HbA1c levels, in previously diagnosed diabetes, and in analyses using 347 

time-varying covariates that accounted for any change in glucose status between baseline and 348 

follow-up. Third, insulin resistance was based on HOMA-IR and not on euglycemic insulin 349 

clamp analysis, which is the gold standard method for the assessment of insulin sensitivity. 350 

However, HOMA-IR correlates well with hyperinsulinemic–euglycemic insulin clamp data 351 

assessing whole-body insulin sensitivity [48], and insulin clamps are impractical in routine 352 

health examinations. Fourth, information on lung cancer histology and incident lung cancer 353 

was not available. While the association between glycemic status and insulin resistance with 354 

lung cancer mortality may differ by the histologic subtype, a previous study reported that the 355 

association between insulin levels and lung cancer risk did not differ across histological 356 

subtypes [29]. However, other studies reported an association between higher glycemic index 357 

and squamous cell carcinoma (SCC) [49], and elevated GLUT1 expression in SCC [50] 358 

compared to adenocarcinoma, warranting further studies analyzing the association between 359 

glycemic status and lung cancer mortality by histopathology. Regarding lack of lung cancer 360 

incidence, because of its short median survival, lung cancer incidence approximates its high 361 

mortality [1]. In Korea, the 5-year relative survival rate for lung cancer was low (16.5% in 362 

2001–2005 and 30.2% in 2013–2017) [51]. Hence, similar findings for lung cancer incidence 363 

may be expected, although it is not possible to separate the effects of glycemic status on 364 

incidence and survival from studies on cancer mortality. The association between diabetes 365 

and poor lung cancer prognosis [52] may also have contributed to the associations observed 366 

in our study. Lung cancer mortality is likely to represent lung cancer with a poor prognosis; 367 

hence we may have missed lung cancer with a more indolent course. Nonetheless, people 368 
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who developed incident lung cancer during follow-up but did not die would have been 369 

categorized into the control group, creating a misclassification bias that would attenuate the 370 

strength of the associations observed in our study towards the null. Fifth, although our cohort 371 

included available data for multiple confounders, data on risk factors such as occupational 372 

exposure and passive smoking were unavailable, and unmeasured or residual confounders 373 

could not be excluded. Finally, because our study included young and middle-aged Koreans, 374 

the results may not be generalizable to populations with different characteristics. 375 

  376 

Conclusions 377 

In conclusion, hyperglycemia and insulin resistance among individuals without diabetes, as 378 

well as individuals with previously diagnosed and screen-detected diabetes, were associated 379 

with an increased risk of lung cancer mortality, regardless of smoking status. Further studies 380 

are required to investigate whether theses associations exist for lung cancer incidence, and 381 

whether interventions to treat hyperglycemia and insulin resistance, such as increased 382 

physical activity, weight loss, and healthy dietary habits, reduce the incidence and mortality 383 

of lung cancer.  384 

  385 
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Table 1 Estimateda mean values (95% CI) and adjusteda proportions (95% CI) of baseline 621 

characteristics of study participants according to lung cancer mortality (n = 666,888) 622 

Characteristics Lung cancer 
mortality (-) 

Lung cancer 
mortality (+) p-value 

Number 666,286 602  

Age (years) 39.9 (39.9–40.0) 59.3 (58.4–60.2) < 0.001 

Male sex (%) 52.3 (52.2–52.5) 79.0 (75.7–82.3) < 0.001 

BMI (kg/m2) 23.4 (23.4–23.4) 22.0 (21.7–22.2) < 0.001 

Obesity (%)b 29.0 (28.9–29.1) 18.6 (16.1–21.1) < 0.001 

Current smoker (%) 21.8 (21.7–21.9) 35.6 (32.7–38.5) < 0.001 

Alcohol intake (%)c 19.4 (19.3–19.5) 22.4 (19.5–25.3) 0.033 

Regular exercise (%)d 15.1 (15.0–15.1) 12.9 (10.6–15.2) 0.084 

High education level (%)e 75.8 (75.7–75.9) 61.1 (56.4–65.7) < 0.001 

Hypertension (%) 14.0 (13.9–14.0) 9.9 (8.5–11.3) < 0.001 

Diabetes (%) 4.7 (4.7–4.8) 4.5 (3.7–5.3) 0.525 

Glucose-lowering medication (%) 2.1 (2.1–2.1) 1.5 (1.1–1.9) 0.015 

Lipid-lowering medication (%) 2.9 (2.9–3.0) 0.9 (0.5–1.3) < 0.001 

Family history of cancer (%) 24.1 (24.0–24.2) 17.6 (15.1–20.2) < 0.001 

History of CVD (%) 3.4 (3.3–3.4) 4.3 (3.3–5.2) 0.042 

History of COPD (%) 18.4 (18.3–18.5) 31.3 (27.7–34.9) < 0.001 

History of asthma (%) 1.5 (1.4–1.5) 2.5 (1.4–3.6) 0.025 

Systolic BP (mmHg)  111.4 (111.3–111.4) 111.2 (110.2–112.2) 0.697 

Diastolic BP (mmHg)  71.4 (71.4–71.5) 70.0 (69.2–70.7) < 0.001 

Glucose (mg/dL) 95.3 (95.3–95.3) 96.8 (95.5–98.0) 0.018 

HbA1c (%)  5.5 (5.5–5.5) 5.6 (5.6–5.6) 0.009 

Total cholesterol (mg/dL)  191.6 (191.5–191.7) 186.2 (183.5–188.9) < 0.001 

LDL-C (mg/dL)  117.3 (117.2–117.4) 104.5 (102.0–107.0) < 0.001 

HDL-C (mg/dL)  58.0 (57.9–58.0) 58.2 (57.1–59.3) 0.631 

Triglycerides (mg/dL)  114.3 (114.1–114.5) 118.2 (112.1–124.2) 0.443 

ALT (U/L)  24.7 (24.6–24.8) 21.8 (20.0–23.6) < 0.001 

HOMA-IRf 1.67 (1.67–1.68) 1.72 (1.62–1.82) 0.570 



28 

Insulin (μIU/mL)f 7.17 (7.16–7.18) 7.42 (7.01–7.82) 0.378 

ALT, alanine aminotransferase; BMI, body mass index; BP, blood pressure; CVD, cardiovascular 623 

disease; COPD, chronic obstructive pulmonary disease; HbA1c, hemoglobin A1c; HDL-C, high-624 

density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance; LDL-625 

C, low-density lipoprotein cholesterol. 626 

aAdjusted for age and sex; bBMI ≥ 25 kg/m2; c≥ 20 g/day; d≥ 3 times/week; e≥ college graduate; 627 

famong 658,380 subjects with available insulin data. 628 
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Table 2 Hazard ratios (95% CIs) for lung cancer mortality by glycemic status (n = 666,888) 629 

 Person-years Number of 
events 

Mortality 
rate 
(105 PY) 

Age- and sex-
adjusted HR  
(95% CI) 

Multivariable-
adjusted HRa  
(95% CI) 

HR (95% CI)b per the 
model using time-
dependent variables 

HbA1c categoryc (%)       

< 5.7  4,119,484  249 6.0  1.00 (reference) 1.00 (reference) 1.00 (reference) 

5.7–5.9  1,027,740  148 14.4  1.31 (1.07–1.62) 1.39 (1.13–1.71) 1.28 (1.03–1.57) 

6.0–6.4  303,919  92 30.3  1.58 (1.23–2.01) 1.72 (1.33–2.20) 1.62 (1.26–2.08) 

≥ 6.5 (screen-detected diabetes) 78,782  37 47.0  2.00 (1.41–2.83) 2.22 (1.56–3.17) 2.02 (1.39–2.93) 

P for trend    <0.001 <0.001 <0.001 

Previously diagnosed diabetes 151,233  76  50.3  1.35 (1.04–1.76) 1.54 (1.18–2.03) 1.52 (1.17–1.96) 

FBG categoryd (mg/dL)       

< 90  1,916,655  110  5.7  1.00 (reference) 1.00 (reference) 1.00 (reference) 

90–99  2,428,299  190  7.8  0.97 (0.76–1.22) 1.05 (0.83–1.33) 1.11 (0.87–1.41) 

100–125  1,112,086  200  18.0  1.18 (0.93–1.49) 1.38 (1.09–1.75) 1.39 (1.09–1.78) 

≥ 126 (screen-detected diabetes) 72,886  26  35.7  1.45 (0.94–2.22) 1.71 (1.11–2.63) 1.63 (1.04–2.56) 

P for trend    0.048 0.001 0.001 

Previously diagnosed diabetes 151,233  76  50.3  1.18 (0.87–1.59) 1.43 (1.05–1.94) 1.49 (1.11–2.01) 

Insulin Resistancee       

HOMA-IR < 2.5 4,453,269  380  8.5  1.00 (reference) 1.00 (reference) 1.00 (reference) 
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HOMA-IR ≥ 2.5 1,018,854  123  12.1  1.15 (0.94–1.41) 1.41 (1.13–1.75) 1.28 (1.01–1.61) 

BMI, body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; FBG, fasting blood glucose; HbA1c, hemoglobin A1c; HR, 630 

hazard ratio; HOMA-IR, homeostasis model assessment of insulin resistance; PY, person-years.  631 

aCox proportional hazard models were used with age as a timescale to estimate HRs and 95% CIs. The multivariable model was adjusted for age (timescale), 632 

sex, center, screening year, smoking status, regular exercise, BMI, education level, history of hypertension, dyslipidemia medication use, history of COPD, 633 

history of asthma, and family history of cancer. 634 

bEstimated from Cox proportional hazard models with FBG, HbA1c, and HOMA-IR categories; smoking status; exercise; BMI; dyslipidemia medication use; 635 

and history of hypertension, COPD, and asthma as time-dependent categorical variables and baseline age, sex, center, examination year, education level, and 636 

family history of cancer as time-fixed variables. 637 

cHbA1c < 5.7, 5.7–5.9, 6.0–6.4, and ≥ 6.5% corresponds to < 36, 36–38, 39–46, and ≥ 48 mmol/mol, respectively. 638 

dFBG < 90, 90–99, 100–125, and ≥ 126 mg/dL corresponds to < 5.0, 5.0–5.5, 5.6–6.9, and ≥ 7.0 mmol/L, respectively. 639 

eAmong subjects without previously diagnosed diabetes. 640 

 641 


