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Introduction

Multiple malignancies, including breast, pancreatic and liver 
cancer have been linked to diabetes (1,2). Type 2 diabetes 
(which comprises >90% of cases worldwide) is associated 

with hyperinsulinemia and hyperglycemia, two factors 
known to promote tumor cell growth (1,3). Cancer cells 
are known to be more dependent on glucose metabolism 
for growth than non-cancer cells and hyperinsulinemia is 
known to promote cancer cell growth directly through the 
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insulin receptor and indirectly through insulin-like growth 
factor 1 (IGF-1) and IGF-1 receptor (IGF-1R) (4,5).

Lung cancer is the leading cause of cancer deaths in 
the United States (US) and worldwide (6). Diabetes is also 
a growing major public health problem in the US with 
an estimated prevalence of 13% in 2020 (7). Preclinical 
studies have demonstrated that hyperglycemia promotes 
lung cancer growth (8,9). Additionally, high levels of 
insulin receptor expression are linked to lung cancer 
progression and the IGF-1/IGF-1R pathway is known to 
play an important role in lung cancer pathogenesis (10-12).  
Prior epidemiologic studies evaluating the potential 
relationship between diabetes and lung cancer risk have 
shown mixed results (13). Of note, a meta-analysis showed 
that there was no association between diabetes and lung 
cancer risk in high-quality studies [relative risk (RR): 1.03; 
95% confidence interval (CI): 0.99–1.23] but a significant 
association in studies labeled as low-quality (RR: 1.18; 
95% CI: 1.06–1.31). These prior studies have included 
heterogenous populations, did not record lung cancer 
subtype, and many did not control for important lung 
cancer risk factors, such as smoking duration and body mass 
index (BMI) (13). 

Moreover, how diabetes impacts lung cancer incidence 
may differ according to sex, BMI, and smoking status has 
varied in prior studies. A recent meta-analysis showed that 
diabetes increased lung cancer risk in men and women, but 
this was only statistically significant for women, increased 
lung cancer risk in patients with lower (<25 kg/m2)  
and higher BMI (≥25 kg/m2), but only was statistically 
significant in the higher BMI group, and increased lung 
cancer risk in current smokers (13). Additionally, prior 
research has shown that hyperglycemia and insulin 
resistance may be more strongly associated with squamous 
cell carcinoma development compared to other histologic 
subtypes, suggesting that the relationship between diabetes 
and lung cancer risk may vary according to cell type  
(12,14-16). However, the impact of diabetes on lung cancer 
histologic subtypes has not yet been determined.

Given the increasing prevalence of diabetes, establishing 
how diabetes may impact lung cancer risk is important for 
optimizing lung cancer prevention programs, enhancing 
screening efforts, and elucidating the pathogenesis of lung 
cancer histologic subtypes. In this study, we aimed to assess 
the association of diabetes with lung cancer incidence and 
whether this association varies according to lung cancer 
histologic subtype. We present the following article in 
accordance with the STROBE reporting checklist (available 

at https://dx.doi.org/10.21037/tlcr-21-601).

Methods

We analyzed data from the Prostate, Lung, Colorectal, 
and Ovarian (PLCO) Cancer Screening dataset (17). The 
PLCO was a randomized control trial of screening tests 
for prostate, lung, colorectal and ovarian cancer. A total of 
154,901 men and women between the ages of 55 and 74 years 
were enrolled between November 1993 and July 2001 and 
randomized in equal proportions to a control group versus 
an active cancer screening arm. In terms of lung cancer, 
the control group received usual care (i.e., no screening at 
the time of study), while the intervention group received 
annual chest radiography for 3 years (as the PLCO study 
was conducted prior to the publication of the United States 
Preventive Services Task Force’s recommendation for low 
dose computed-tomography screening in 2013). Further 
details regarding the PLCO trial cohort have been previously 
published (17,18). For our study, we limited the PLCO trial 
cohort to participants with complete data about the presence 
or absence of diabetes diagnosis. We excluded patients 
without follow up data or information about smoking status.

Our primary outcome of interest was lung cancer 
incidence. Cancer diagnosis was ascertained by a mailed 
annual study update questionnaire, supplemented with 
data from the National Death Index, and confirmed with 
medical record abstraction. The secondary outcome of 
interest was lung cancer histologic subtype which was 
abstracted from medical records and was categorized as 
squamous cell carcinoma, adenocarcinoma, small cell 
lung cancer, or other. Our primary predictor of interest 
was a diagnosis of diabetes, which was ascertained by self-
report of physician diagnosis on a baseline questionnaire 
completed at randomization.

Co-variates included age, education level (less than high 
school, high school graduate, college education, or post-
college education), BMI (continuous and stratified by World 
Health Organization categories [underweight: <18.5 kg/m2, 
normal weight: 18–24.99 kg/m2, overweight 25–29.99 kg/m2, 
and obese ≥30 kg/m2], family history of lung cancer, history 
of any cancer (except for PLCO cancers), chronic obstructive 
pulmonary disease, smoking status with quit time for former 
smokers (never smoker, current smoker, and quit <10, 10–20, 
20–30, or >30 years ago), and cigarette smoking quantity 
and duration (calculated as pack-years, continuous). These 
variables were chosen as they are known risk factors for lung 
cancer in the PLCO dataset and included in the PLCOM2012 
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risk score, a validated prediction model for estimating the 
risk of lung cancer in smokers (19).

Statistical analysis

We assessed the baseline characteristics of the PLCO cohort 
included in the study according to diabetes status. PLCO 
participants with and without diabetes were compared using 
the chi-square test for categorical variables and Wilcoxon 
rank-sum test for continuous variables. Unadjusted and 
adjusted Poisson models were fitted to assess the association 
of diabetes and lung cancer incidence while incorporating 
patient follow-up time (to either lung cancer diagnosis or 
last follow-up). We conducted secondary analyses stratifying 
the sample by smoking status (never, former, and current 
smoker), sex, and BMI category (normal, overweight and 
obese). We excluded the underweight group due to low 
sample size. All adjusted models included individual terms 
representing the factors included in the PLCOM2012 risk score 
(the actual score was not used as it cannot be calculated in 
non-smokers) and did not include patients with missing co-
variate data. For stratified analyses focused on smokers, we 
also fitted models adjusting for PLCOM2012 risk scores.

The chi-square test and adjusted (for other lung cancer 
risk factors as specified above) nominal regression models 
were used to compare lung cancer histology types in lung 
cancer cases with and without diabetes. We also conducted 
an analysis taking into account the screening arm group.

Based on the PLCO trial sample, we estimated that the 
study had a >80% power to detect if diabetes was associated 
with a ≥1.10 incidence risk ratio of lung cancer. We used 
STATA v14 (Statacorp, College Station, TX, USA) to 
conduct statistical analyses. A P value less than 0.05 was 
considered statistically significant. 

Ethical Statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by Icahn School of Medicine at Mount Sinai 
Institutional Review Board 20-01308 and individual consent 
for this retrospective analysis was waived.

Results

We included 140,935 PLCO participants in the study 
(Figure 1). Overall, 10,847 (7.7%) reported a physician 
diagnosis of diabetes. Median study follow-up time was 
12 years. Baseline characteristics of participants with and 
without diabetes are reported in Table 1. Participants with 
diabetes were older {median age 63 [interquartile range 
(IQR), 59–68] vs. 62 years (IQR, 58–67), P<0.01}, more 
likely to be male (56% vs. 46%, P<0.01), less likely to be 
college graduates (13% vs. 18%, P<0.01) and were more 
likely to have BMI in the obese category (45% vs. 23%, 
P<0.01). Participants with diabetes were also more likely to 
be former smokers (50% vs. 44%, P<0.01) and had higher 
median smoking pack year history [12 (IQR, 0–41) vs.  
5 pack-years (IQR, 0–33), P<0.01].

Unadjusted analyses (Table 2) showed that diabetes 
was significantly associated with lung cancer incidence 
[incidence rate ratio (IRR): 1.19; 95% confidence interval 
(CI): 1.05–1.35). Adjusted analyses (Table 2) including the 
entire cohort showed that diabetes was not significantly 
associated with lung cancer incidence (IRR: 1.03; 95% CI: 
0.91–1.17) after controlling for other risk factors (Table 2).  
Stratified analyses also showed that diabetes was not 
associated with lung cancer incidence in groups stratified 
by sex, smoking status (never, current, former), and BMI 
category (normal, overweight, obese). Similar results 
were obtained among ever smokers (IRR: 1.01; 95% CI:  
0.88–1.14) in analyses adjusting for PLCOM2012 risk scores. 

Analyses assessing the association of diabetes and lung 
cancer histology are reported in Tables 3,4. The distribution 
of lung cancer histology did not significantly differ between 
patients with diabetes vs. without diabetes (P=0.30). 

PLCO Lung Cancer Cohort
N=154,887

No diabetes diagnosis data
N=5,871

N=149,016

Smokers without pack year data
N=7,492

No follow up data
N=589

N=141,524

Final study population
N=140,935

Figure 1 Flow diagram of study population. PLCO, Prostate, 
Lung, Colorectal, and Ovarian.
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Table 1 Characteristics of study population according to pre-existing diabetes diagnosis 

Variable Total, N=140,395 No diabetes, N=130,116 Diabetes, N=10,819 P value

Active screening arm 71,189 [51] 65,726 [51] 5,463 [50] 0.97

Age, years (median, interquartile range) 62 [58–67] 62 [58–67] 63 [59–68] <0.01

Male, N [%] 66,380 [47] 60, 331 [46] 6,049 [56] <0.01

Race/ethnicity, N [%]

White 124,593 [88] 116,211 [89] 8,382 [78] <0.01

Black 7,225 [5] 5,905 [5] 1,320 [12]

Asian 2,628 [2] 2,263 [2] 365 [4]

Hispanic 5,278 [4] 4,729 [4] 549 [5]

Pacific Islander or American Indian 1,146 [1] 964 [1] 182 [2]

Education, N [%] (missing, n=254) <0.01

<High school 10,433 [7] 9,153 [7] 1,280 [12]

High school grad 50,775 [36] 46,581 [36] 4,194 [39]

College education 54,594 [39] 50,722 [39] 3,872 [36]

Post-college education 24,879 [18] 23,426 [18] 1,453 [13]

BMI, kg/m2, N [%] <0.01

Underweight 1,087 [1] 1,046 [1] 41 [0]

Normal 47,066 [33] 45,308 [35] 1,758 [16]

Overweight 58,170 [41] 54,066 [42] 4,114 [38]

Obese 34,612 [25] 29,706 [23] 4,906 [45]

Smoking status, N [%] <0.01

Never 62,901 [45] 58,541 [45] 4,360 [40]

Current 15,684 [11] 14,643 [11] 1,041 [10]

Former 62,350 [44] 56,932 [44] 5,418 [50]

Pack years (median, interquartile range) 6 [0–33] 5 [0–33] 12 [0–41] <0.01

Chronic obstructive pulmonary disease 9,391 [7] 8,438 [6] 953 [9] <0.01

Personal history of cancer† 0.79

No 134,373 [95] 124,072 [95] 10,301 [95]

Yes 6,548 [5] 6,031 [5] 517 [5]

Unknown 14 [0] 13 [0] 1 [0]

Family history of lung cancer (missing, n=959) <0.01

No 121,503 [87] 112,268 [87] 9,235 [86]

Yes 14,809 [11] 13,666 [11] 1,143 [11]

Possibly/unclear 3,664 [3] 3,301 [3] 363 [3]
†, except for prostate, lung, colorectal, and ovarian cancers.
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Table 2 Association of diabetes with lung cancer incidence: unadjusted analyses

Analysis
Number of PLCO 

participants
Lung cancer 

cases
Incidence rate ratio (95% 

confidence interval) unadjusted
Incidence rate ratio (95% 

confidence interval) adjusted†

Full cohort 149,935 3,449 1.19 (1.05–1.35) 1.03 (0.91–1.17)

Stratification variable

Smoking status

Never 62,901 239 1.06 (0.64–1.76) 1.09 (0.65–1.83)

Current 15,684 1,463 0.99 (0.80–1.23) 0.91 (0.73–1.15)

Former 62,350 1,747 1.35 (1.16–1.58) 1.10 (0.94–1.29)

Ever smoker (mPLCO)‡ 76,240 3,138 1.01 (0.88–1.14)

Sex

Male 66,380 2,068 1.23 (1.07–1.43) 1.09 (0.94–1.26)

Female 74,555 1,381 0.93 (0.74–1.18) 0.92 (0.72–1.17)

Body mass index

Normal 47,066 1,292 1.30 (1.00–1.70) 1.05 (0.80–1.37)

Overweight  58,170 1,436 1.28 (1.07–1.57) 0.93 (0.76–1.13)

Obese 34,612 676 1.29 (1.05–1.58) 1.15 (0.93–1.41)
†, all models adjusted with age (continuous), sex, body mass index (continuous), education, race/ethnicity, smoking status (never, former, 
current, with years since stopped smoking), pack-years of smoking (continuous), chronic obstructive pulmonary disease, personal history 
of cancer, family history of lung cancer except for ‡ which indicates adjusted using mPLCO risk score; Included 137,811 participants after 
excluding patients with missing covariate data. PLCO, Prostate, Lung, Colorectal, and Ovarian.

Table 3 Lung cancer histology according to pre-existing diabetes diagnosis: unadjusted analyses

Lung cancer histology Total N=3,467 [%] No diabetes N=3,182 [%] Diabetes N=285 [%] P value

Adenocarcinoma 1,243 [36] 1,154 [36] 89 [31] 0.30

Squamous cell carcinoma 713 [21] 649 [20] 64 [22]

Small cell 477 [14] 431 [14] 46 [16]

Other 1,033 [30] 947 [30] 86 [30]

Table 4 Association of diabetes and lung cancer histology: adjusted 
analyses

Lung cancer histology
Relative risk ratio 

for diabetes†

95% confidence 
interval

Adenocarcinoma Reference

Squamous cell carcinoma 1.20 0.84–1.71

Small cell 1.23 0.83–1.84

Other 1.19 0.86–1.64
†, adjusted with age, sex, body mass index, education, race/
ethnicity, smoking status (never, former, current), pack years, 
chronic obstructive pulmonary disease, personal history of 
cancer, family history of lung cancer.

Nominal regression analysis adjusting for other risk factors 
showed that diabetes did not significantly increased the odds 
of having a squamous cell carcinoma [odds ratio (OR): 1.2; 
95% CI: 0.9–1.8), other non-small cell carcinoma (OR: 1.2; 
95% CI: 0.9–1.6) or a small cell carcinoma (OR: 1.3; 95% 
CI: 0.8–1.9) vs. adenocarcinoma. Analyses incorporating 
randomization arm or stratified by sex, smoking status or 
BMI showed similar results.

Discussion

In a large cohort of individuals enrolled and prospectively 
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followed in the PLCO trial, diabetes was not independently 
associated with lung cancer incidence. We also showed 
similar results in subgroup analyses based on sex, smoking 
status or BMI status. Additionally, diabetes was not 
associated with lung cancer histology. This study shows that 
diabetes, a known risk for several malignancies, does not 
increase the risk for developing lung cancer in general or 
specific lung cancer subtypes. Patients with diabetes should 
be evaluated for lung cancer screening eligibility using 
similar criteria to smokers without the disease. 

Diabetes is  an established risk factor for many 
malignancies, as hyperglycemia and hyperinsulinemia, 
hallmarks of diabetes pathogenesis, are known tumor 
growth factors (3). In lung cancer in particular, preclinical 
studies have demonstrated that hyperglycemia promotes 
lung tumor cell proliferation and invasiveness (8,9). 
Hyperglycemia and diabetes may also differentially impact 
different lung cancer histologic subtypes. In vitro data show 
that squamous cell carcinoma is more reliant on glucose 
metabolism for growth compared to other subtypes (14). 
Patients exposed to high glycemic index diets are at higher 
risk for squamous cell carcinoma lung cancer, but not 
adenocarcinoma (15). 

While these studies show a potential role of diabetes 
for promoting lung cancer, previous large cohort studies 
examining the association of diabetes and lung cancer 
risk have reported mixed results, including decreased or 
increased risk and null associations (20-38). These studies 
have included relatively heterogeneous populations and 
adjusted for different potential cofounders in their risk 
models, which may explain in part the conflicting findings. 
Moreover, most of these studies lacked power to evaluate 
the association of diabetes specifically with lung cancer 
risk. Even the studies focused on lung cancer did not 
comprehensively adjust for established lung cancer risk 
factors such as smoking duration and/or, in former smokers, 
time since smoking cessation (23,28,34,39). Our study 
extends these results by demonstrating a lack of relationship 
between diabetes and lung cancer risk in a large and well 
characterized cohort with a comprehensive and standardized 
protocol to ascertain lung cancer diagnoses. Moreover, our 
study is also novel by showing that diabetes is not associated 
with lung cancer histologic subtype.

Two other conditions closely related to diabetes, 
hyperinsulinemia and abdominal obesity, may influence 
the risk of developing lung cancer. Hyperinsulinemia has 
been shown to increase lung cancer risk (39). A Mendelian 
randomization study showed that genetic predisposition 

to insulin resistance, but not diabetes, was associated with 
increased lung cancer risk, particularly squamous cell and 
small cell carcinoma (16). While insulin resistance and 
diabetes are correlated, it is possible that only the former 
may lead to an increased risk of lung cancer, explaining our 
negative results. Similarly, increased waist circumference, a 
measure of obesity not well represented by BMI and highly 
correlated with diabetes, has been linked to increased lung 
cancer risk (40,41). Unfortunately, these variables were not 
captured in the PLCO study and should be the focus of 
further research. 

Our study has strengths and weaknesses that should be 
discussed. Compared to prior studies, the PLCO included 
a larger sample of participants, collected more detailed 
information about other risk factors for lung cancer, 
and had rigorous methods for ascertaining lung cancer 
diagnoses. The PLCO was a screening trial and thus, 
participants may have been selected among individuals with 
more ‘healthy’ habits that may not be fully representative of 
the general population (42). Diabetes was measured by self-
report, which may lead to reporting bias and miss patients 
without diagnosed diabetes. However, this method has 
been applied and found to be relatively accurate in several 
national studies (43,44), and the prevalence of diabetes of 
7.7% is consistent with the rate of diagnosed, self-reported 
diabetes during the years of data collection (7). Additionally, 
duration of diabetes, severity of diabetes (hemoglobin A1C 
and other glycemic measures) and diabetes type (1 vs. 2) 
are unknown. However, the vast majority of diabetes cases  
(90–95%) are type 2 (7). Some studies suggest that cancer 
risk may be highest in the years immediately following 
diabetes diagnosis (25,45). Our study was also not 
powered for subgroup analyses. The PLCO did not report 
medication data, such as use of metformin and insulin 
among study participants. These medications may influence 
the risk of lung cancer and may have confounded the 
association of diabetes with lung cancer incidence (23,46,47).

Conclusions

In conclusion, our study showed a lack of association 
between diabetes and lung cancer incidence. Additionally, 
we found no relationship between diabetes and lung cancer 
histology. Future studies that include more information 
regarding metabolic parameters, such as waist circumference, 
insulin and glucose levels, and diabetes medications may 
elucidate further how metabolic disease impacts lung cancer 
pathogenesis and risk. This study provides evidence that a 
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diabetes diagnosis should not be a consideration in existing 
lung cancer risk stratification protocols.
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