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Abstract
Background: Previous prospective studies showed inconsistent association of serum 25-hydroxyvitamin D [25(OH)D] level with lung cancer incidence. The aim of the study was to explore the associations of serum 25(OH)D levels with incidence of lung cancer overall and different histologic types.
Methods: We performed a population-based prospective case-cohort study including 696 incident lung cancer cases and 5804 individuals in a subcohort who participated in the second survey of the Nord-Trøndelag Health Study in Norway. Cox proportional hazards regression models counting for the case-cohort design were used to estimate hazard ratios (HRs) with 95% confidence intervals (CIs) for lung cancer overall or histologic types in relation to serum 25(OH)D levels. 
Results: Compared with the 4th season-specific quartile of 25(OH)D (median 68 nmol/L), lower 25(OH)D levels were associated with a lower risk for lung cancer overall and adenocarcinoma in particular. The HRs for adenocarcinoma were 0.62 (95% CI 0.41 to 0.95), 0.57 (0.37 to 0.86) and 0.55 (0.36 to 0.84) for the 1st to 3rd quartiles, respectively. Associations with adenocarcinoma were somewhat stronger in the overweight/obese subjects [HRs for 1st to 3rd quartiles: 0.55 (0.30 to 1.00), 0.38 (0.21 to 0.69) and 0.50 (0.27 to 0.90)] than in the normal weight subjects [HRs for 1st to 3rd quartiles: 1.05 (0.56 to 1.95), 0.94 (0.51 to 1.73) and 0.61 (0.33 to 1.12)]. 
Conclusions: Lower serum 25(OH)D levels were associated with an approximate 40% reduced risk of pulmonary adenocarcinoma, and the association seemed stronger in overweight/obese subjects.


Introduction
Lung cancer has been the most common cancer type for several decades worldwide. In 2012, there were an estimated 1.8 million new cases, which represented 13% of all new cases of cancer (1). Lung cancer is also the most lethal cancer, and the overall ratio of mortality to incidence is 0.87 (1). About 1.6 million people died of lung cancer worldwide in 2012 (19.4% of the total cancer mortality). The two broad histological classes of lung cancer are small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC) (2). NSCLC has two further major subtypes: adenocarcinoma and squamous cell carcinoma. Smoking is strongly associated with an increased risk of SCLC and squamous cell carcinoma, whereas the association between smoking and non-small-cell adenocarcinoma is much weaker (3). Adenocarcinoma is the most common histologic type of lung cancer in most countries, and recent research shows that the occurrence of adenocarcinoma is increasing (4, 5). Therefore, exploration of other risk factors apart from tobacco smoking and a better understanding of the pathogenesis of different histologic types of lung cancer are essential for further prevention of lung cancer. 
Vitamin D has been suggested to have a number of anti-carcinogenic potentials, including inducing differentiation, and inhibiting proliferation, invasiveness, angiogenesis and metastatic properties (6, 7). Vitamin D deficiency is quite common worldwide (8, 9). In our previous study of adults living in the Central Norway, the prevalence of vitamin D deficiency [defined by serum 25-hydroxyvitamin D (25(OH)D) level <50 nmol/L] was about 60% (10). Vitamin D deficiency is likely to have impact on various chronic diseases (9, 11). The majority of previous prospective studies did not observe any association between serum 25(OH)D level and lung cancer incidence (12-18), except for one study showing an inverse association (19). These studies were generally small in sample size and did not evaluate possible associations with lung cancer histologic types. 
Therefore, we performed for the first time a case-cohort study aiming to explore the potential associations of serum 25(OH)D levels with incidence of lung cancer overall and histologic types. We also evaluated if sex, active smoking and body mass index (BMI) had any modifying effects on the associations of serum 25(OH)D levels with incidence of lung cancer overall and histologic types. 



Material and methods
Study population, data linkage and study design
The Nord-Trøndelag Health Study (HUNT) is one of the largest and most comprehensive population surveys conducted in Norway (20). All inhabitants aged 20 years or older in the county of Nord-Trøndelag were invited to participate in three separate surveys: HUNT1 (1984–1986), HUNT2 (1995–1997) and HUNT3 (2006–2008). Blood and DNA samples were collected in both HUNT2 and HUNT3 and stored in a modern biobank at the HUNT Research Center. We used data and serum samples collected in HUNT2 to assure a longer follow-up duration. Briefly, in 1995–1997 approximately 93000 adults were invited to participate in HUNT2 and 65229 people participated (response rate 70%). All participants in HUNT2 were requested to complete a general questionnaire including health and lifestyle questions and social economic status. At the clinical examination body weight and height were measured by trained nurses. The HUNT Research Center also received updated information about deaths of all causes and emigration of the HUNT participants from the Norwegian National Registry in which the dates of such events were recorded for all people living in Norway.
Using the unique 11-digit personal identification number for all residents in Norway, the HUNT2 population data were linked with data from the Cancer Registry of Norway (21). The ICD-10 topography codes used for registration of lung cancer were C33-C34 (22). Histologic types were classified according to International Classification of Diseases of Oncology (ICD-O) (23). 
We performed a prospective case-cohort study using Prentice method and robust estimation of the variance (24, 25). Incident cases were those diagnosed with lung cancer until December 31, 2014 among the HUNT2 study population (n=841). The subcohort was a 10% random sample of the HUNT2 participants (n=6613, including 6521 non-cases and 92 cases). We then excluded subjects who reported ever cancer in the questionnaire at baseline, lung cancer cases diagnosed before the participation date in the HUNT2 study, as well as subjects without data on the vitamin D level due to lack of serum. This left 696 incident lung cancer cases and 5725 non-cases for the statistical analyses. Figure 1 depicts the inclusion and exclusion steps of the subjects in the cases and the subcohort. The study was approved by the Norwegian Regional Committees for Medical and Health Research Ethics.
Measurement and classification of serum 25(OH)D levels
Serum 25(OH)D levels were measured at the HUNT Biobank by using LIAISON 25-OH Vitamin D TOTAL (DiaSorin, Saluggia, Italy), a fully automated, antibody-based, chemiluminescence assay. The detection range of the assay is 10–375 nmol/L. This is a well-developed method and has been proven as a rapid, accurate and precise tool for the measurement of serum 25(OH)D levels (26). Because seasonal fluctuations in 25(OH)D levels were expected due to the high-latitude geographical position of Norway, season-specific quartiles derived from the subcohort were used to categorize 25(OH)D levels (27). The fourth quartile was used as the reference group since the median of the fourth quartile (68.0 nmol/L) corresponded well with the cut-off level of 50.0–74.9 nmol/L that was suggested as sufficient according to the National Academy of Sciences report (28). 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Information on covariates
Data of baseline variables were collected by questionnaires or clinical examination in HUNT2. These covariates were categorized as following: sex (women, men), season of blood draw (spring: March–May, summer: June–August, fall: September–November, winter: December–February), pack-years of active smoking [0 (never smokers), 0–10.0, 10.1–20.0, ≥20.1], passive smoking exposure (never, childhood only, adulthood only, both periods), family history of cancer (Is there any family member such as father, mother, siblings who reported cancer? yes/no), education (<10, 10–12, ≥13 years), economic difficulties (During the last year, has it at any time been difficult to meet the costs of food, transportation, housing and such? yes/no), BMI (<25.0, 25.0–29.9, ≥30.0 kg/m2), physical activity (inactive or very low, low, moderate, high), alcohol consumption (never, 1–4, ≥5 times/month), and chronic bronchitis (Have you had a cough with phlegm for periods of at least 3 months during each of the last two years? yes/no). 
Statistical analyses
Cox proportional hazards regression models counting for the case-cohort design (command stcascoh in Stata) were used to compute hazard ratios (HRs) with 95% confidence intervals (CIs) for the incidence of lung cancer overall or histologic types in relation to serum 25(OH)D levels (25). Age was used as time axis in the models. The subjects in the case-cohort were followed up from their participation date in HUNT2 study up to the date of lung cancer diagnosis, death due to other causes, emigration or end of follow-up (December 31, 2014), whichever occurred first. When one histologic type was outcome, all other types and emigration/death were regarded as censored. The proportional hazards assumption was satisfied for serum 25(OH)D levels and covariates in most circumstances. In some occasions when lung cancer overall, NSCLC, or adenocarcinoma was the outcome, sex and economic difficulties showed non-proportional hazards and we used the tvc option of the stcox command in Stata to model them. 
Two multivariable models were presented. In Model 1 sex, pack-years of active smoking, passive smoking exposure, family history of cancer, education and economic difficulties were adjusted. In Model 2 we adjusted for BMI, physical activity, alcohol consumption, and chronic bronchitis in addition to the variables included in Model 1. The associations of lifestyle factors such as BMI, physical activity, and alcohol consumption with lung cancer incidence are not yet confirmed. Chronic bronchitis might be either a confounder or a mediator in the causal pathway between 25(OH)D and lung cancer, and over-adjustment was possible if the latter were the case. Therefore, results from Model 1 were presented as the main findings in this report. Furthermore, the associations of 25(OH)D with lung cancer overall and histologic types were stratified by sex, active smoking status and BMI respectively. The potential effect modifications by these variables were evaluated by Wald tests. To reduce possible reverse causality by existing but undiagnosed lung cancer on the serum 25(OH)D levels, we performed analyses excluding the first five years of follow-up. 
For sensitivity analyses, we used both the ordinary quartiles derived from the subcohort and the commonly used cut-off groups (<25.0, 25.0–49.9, 50.0–74.9, ≥75.0 nmol/L) to categorize the levels of serum 25(OH)D and controlled for season of blood draw. The fourth quartile (≥58.1 nmol/L) and the level 50.0–74.9 nmol/L were used as the reference groups respectively (28). All statistical analyses were performed with Stata/SE 14.2 (College Station, TX, USA).



Results 
Table 1 presents the distributions of baseline characteristics in the incident lung cancer cases (n=696) and non-cases from the subcohort (n=5725). In general, those with lung cancer were older and had slightly higher 25(OH)D levels than the non-cases. The distributions of other baseline characteristics differed considerably between the lung cancer cases and non-cases apart from season of blood draw and BMI. The distributions of baseline characteristics by season-specific quartiles of 25(OH)D in the subcohort are presented in Supplementary table 1.
Table 2 presents the HRs and 95% CIs for lung cancer overall and histologic types in association with serum 25(OH)D levels. Compared with the 4th season-specific quartile of 25(OH)D, lower levels of 25(OH)D were associated with a lower risk for lung cancer overall, as well as for NSCLC and adenocarcinoma. Adjusted HRs for adenocarcinoma were 0.62 (95% CI 0.41 to 0.95), 0.57 (0.37 to 0.86) and 0.55 (0.36 to 0.84) for the 1st to 3rd season-specific quartiles, respectively. Further adjustment for BMI, physical activity, alcohol consumption, and chronic bronchitis slightly attenuated these associations. However, we found no associations between serum 25(OH)D levels and risk of SCLC or squamous cell carcinoma.
We also investigated possible effect modifications by sex, active smoking and BMI on the association between serum 25(OH)D and lung cancer. Lower 25(OH)D levels were associated with reduced risks of adenocarcinoma in both women and men, with slightly stronger associations in men than in women (Table 3). Nevertheless, no statistically significant effect modification by sex was observed for lung cancer overall or for different histologic types (p for interaction tests >0.27 for all outcomes). There was also no evidence of effect modification by active smoking (Supplementary table 2). Analyses stratified by BMI seemed to show stronger associations of serum 25(OH)D levels with adenocarcinoma risk in overweight/obese subjects than in people who were normal weight (p for interaction test=0.13) (Table 4). Compared with the 4th season-specific quartile, the 1st to 3rd season-specific 25(OH)D quartiles had HRs 0.55 (95% CI 0.30 to 1.00), 0.38 (0.21 to 0.69) and 0.50 (0.27 to 0.90) respectively in overweight/obesity, whereas the corresponding estimates in normal weight people were 1.05 (0.56 to 1.95), 0.94 (0.51 to 1.73) and 0.61(0.33 to 1.12). 
Finally, to address potential reverse association we performed the main analyses after excluding the first five years of follow-up (Table 5). The 1st to 3rd season-specific 25(OH)D quartiles were associated with a 48% (95% CI 0.32 to 0.85), 44% (0.35 to 0.88) and 39% (0.39 to 0.95) lower risk of pulmonary adenocarcinoma compared with the 4th quartile. Moreover, sensitivity analyses based on ordinary quartiles or commonly used cut-off values of the 25(OH)D categories produced similar results as those presented above based on the season-specific quartiles (Supplementary tables 3–5).


Discussion
Main findings
In this case-cohort study with 696 incident lung cancer cases, we found that the 1st to 3rd season-specific quartiles of serum 25(OH)D levels were associated with an about 40% lower risk for pulmonary adenocarcinoma compared with the highest quartile. The association between lower serum 25(OH)D levels and a lower risk of adenocarcinoma appeared stronger among the overweight/obese subjects than in the normal weight subjects, although estimates from these stratified analyses had low precision due to limited number of cases.
Comparison with other studies
Our observation that lower serum 25(OH)D levels were associated with a lower risk of lung cancer overall and in particular pulmonary adenocarcinoma is different from the null association observed in most previous observational studies (12-18). Conversely, Afzal et al. showed that a 50% reduction of plasma 25(OH)D level had 19% increased risk for lung cancer overall (19). Another prospective study demonstrated that women and young participants with a higher level of vitamin D had a lower risk of lung cancer (13). However, previous studies in general had much smaller number of lung cancer cases and lacked information on histologic types.
Our findings were unexpected and contrary to the predominating hypothesis generated from in vitro experiments and animal models in which vitamin D was beneficial in protecting against development of cancer (7). Epidemiological studies have also shown that low levels of vitamin D was associated with increased incidence of digestive system cancers (12, 29). However, the pathophysiological roles of vitamin D in the development of cancers are complicated. As evidence, several prospective studies reported a positive relationship between vitamin D level and risk of prostate cancer (18, 30). Worthy of note, our study generally suggested a reduced risk of pulmonary adenocarcinoma in relation to lower levels of serum 25(OH)D, which cannot simply be extrapolated to an elevated risk of adenocarcinoma associated with higher levels of 25(OH)D. This was because we could not adequately evaluate the relation of higher levels of 25(OH)D with risk of lung cancer due to small number of individuals with 25(OH)D levels ≥100 nmol/L (n=56).
Possible mechanisms and implications
Without any experimental evidence, it is difficult to speculate how lower 25(OH)D status might protect the development of adenocarcinoma of the lung, especially given that exposure to high concentrations of 1,25-dihydroxyvitamin D [1,25(OH)2D] inhibits cell proliferation and inflammation, upregulates apoptotic pathways, and inhibits angiogenesis in cell lines (6, 7). The association between lower 25(OH)D levels and reduced risk of pulmonary adenocarcinoma appeared stronger in overweight/obese subjects in our study. Observational studies have shown an inverse relation between BMI and lung cancer risk, especially among former and current smokers (31, 32). Although residual confounding by smoking might explain the inverse association of obesity with lung cancer, a recent Mendelian randomization study suggested a possible causal association between genetically determined higher BMI and a reduced risk for pulmonary adenocarcinoma (33). Higher BMI was also related to lower 25(OH)D levels, and a Mendelian randomization analysis of multiple cohorts suggested that higher BMI resulted in lower serum 25(OH)D levels (34). Therefore, vitamin D might partially explain the association between increased BMI and reduced risk of adenocarcinoma of the lung. Unfortunately, we could not adequately test this hypothesis due to the concurrent measurements of serum 25(OH)D levels and BMI at baseline. It is also highly speculative that obesity and low vitamin D status might biologically interact with each other to have a protective impact on the development of adenocarcinoma. Further research is necessary to elucidate the underlying mechanisms.
Strengths and limitations
Our study is the first prospective case-cohort study to investigate the associations of serum 25(OH)D levels with the risk of lung cancer histologic types, including a large number of cases. Information about diagnosis of lung cancer and histologic types was recorded and updated one year after diagnosis at the Cancer Registry of Norway (21). The information was almost complete and reasonably accurate, and therefore misclassification of lung cancer was less likely (35). Serum 25(OH)D level is widely recognized as the best available approach to determine vitamin D status (36). Any misclassification of vitamin D due to measurement error would be non-differential as blood samples had been collected before the events occurred. Besides, serum samples from the cases and subcohort were placed in a random manner during the measurement so that major batch effects can be excluded. In addition, we were able to adjust for a broad panel of confounding factors in the regression models, and the season-specific quartiles, ordinary quartiles and cut-off groups showed consistent and robust associations with incidence of lung cancer overall and adenocarcinoma.
This study had several potential limitations. As participants in the HUNT studies were shown to be healthier than non-participants, our findings might differ to some degree from the factual situation in the general Norwegian population (37). Liaison immunoassay method tends to underestimate the true 25(OH)D levels (38, 39). Caution is thus warranted when our results are compared with those using other assay methods (38). In addition, our findings were derived from a homogeneous Norwegian population, which may limit the generalizability of our results. It would be important to investigate this association in other populations, such as in Asia where there is very high incidence of lung cancer, and in particular adenocarcinoma (5). Mendelian randomization studies are also called for to test possible causal association between vitamin D levels and lung cancer incidence.
Our observed reduced risk of pulmonary adenocarcinoma in association with lower 25(OH)D levels cannot be explained by the potential residual confounding of tobacco smoking. If the residual confounding of smoking could completely be removed, we would expect to see the association estimates to be more away from the null (HR=1). This is because tobacco smoking is inversely associated with serum 25(OH)D levels (10) but positively associated with lung cancer risk. However, confounding by unknown factors cannot be ruled out. Reverse association between 25(OH)D and pulmonary adenocarcinoma in our findings was less likely since the association remained after we excluded the first five years of follow-up. Moreover, 24-hydroxylase, encoded by CYP24A1, was overexpressed in adenocarcinoma of lung cancer (40). The 24-hydroxylase catabolizes both 25(OH)D and 1,25(OH)2D (40), which would lead to lower 25(OH)D levels in the subjects with adenocarcinoma. This could further exclude reverse causation as a possible explanation for our findings.
Conclusions
In a prospective case-cohort study, we found that lower serum 25(OH)D levels were associated with a reduced risk of pulmonary adenocarcinoma, and the association appeared stronger in overweight/obese subjects. The unexpected findings suggest a complex role of vitamin D in cancer development in humans. Further studies are warranted to confirm or dispute our observations. 
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Table 1. Distributions of baseline characteristics in incident lung cancer cases and non-cases from a subcohort in a case-cohort design of the HUNT2 study, 1995–1997
	
	Lung cancer cases
	Non-cases from a subcohort 

	No. of subjects (n=6421)
	696
	5725

	Age (years)
	61.4±10.5
	48.4±16.7

	25(OH)D level (nmol/L)
	49.1±17.5
	47.6±17.9

	Sex
	
	

	   Women
	266 (38.2%)
	2993 (52.3%)

	   Men
	430 (61.8%)
	2732 (47.7%)

	Season of blood draw
	
	

	   Spring
	176 (25.3%)
	1344 (23.5%)

	   Summer
	86 (12.4%)
	720 (12.6%)

	   Fall
	265 (38.1%)
	1973 (34.5%)

	   Winter
	169 (24.3%)
	1688 (29.5%)

	Pack-years of active smoking
	
	

	   0 (never smokers)
	34 (4.9%)
	2494 (43.6%)

	   0–10.0 
	53 (7.6%)
	1387 (24.2%)

	   10.1–20.0
	177 (25.4%)
	831 (14.5%)

	   ≥20.1 
	332 (47.7%)
	551 (9.6%)

	   Unknown
	100 (14.4%)
	462 (8.1%)

	Passive smoking exposure
	
	

	   Never
	48 (6.9%)
	1098 (19.2%)

	   Childhood only
	71 (10.2%)
	1240 (21.7%)

	   Adulthood only
	168 (24.1%)
	925 (16.2%)

	   Both periods
	387 (55.6%)
	2318 (40.5%)

	   Unknown
	22 (3.2%)
	144 (2.5%)

	Family history of cancer
	
	

	   No
	450 (64.7%)
	4259 (74.4%)

	   Yes
	246 (35.3%)
	1466 (25.6%)

	Education (years)
	
	

	   <10
	402 (57.8%)
	1849 (32.3%)

	   10–12
	183 (26.3%)
	1937 (33.8%)

	   ≥13
	74 (10.6%)
	1702 (29.7%)

	   Unknown
	37 (5.3%)
	237 (4.1%)

	Economic difficulties
	
	

	   No
	308 (44.3%)
	2902 (50.7%)

	   Yes
	129 (18.5%)
	1222 (21.3%)

	   Unknown
	259 (37.2%)
	1601 (28.0%)

	Body mass index (BMI, kg/m2)
	
	

	   Normal/underweight  (<25.0)
	315 (45.3%)
	2349 (41.0%)

	   Overweight (25.0–29.9)
	280 (40.2%)
	2459 (43.0%)

	   Obese (≥30.0)
	98 (14.1%)
	879 (15.4%)

	   Unknown
	3 (0.4%)
	38 (0.7%)

	Physical activity 
	
	

	   Inactive or very low
	180 (25.9%)
	1255 (21.9%)

	   Low
	121 (17.4%)
	1054 (18.4%)

	   Moderate
	85 (12.2%)
	1308 (22.8%)

	   High
	38 (5.5%)
	504 (8.8%)

	   Unknown
	272 (39.1%)
	1604 (28.0%)

	Alcohol consumption (times/month)
	
	

	   Never
	248 (35.6%)
	1865 (32.6%)

	   1–4 
	278 (39.9%)
	2768 (48.3%)

	   ≥5
	92 (13.2%)
	656 (11.5%)

	   Unknown
	78 (11.2%)
	436 (7.6%)

	Chronic bronchitis
	
	

	   No
	599 (86.1%)
	5453 (95.2%)

	   Yes
	66 (9.5%)
	175 (3.1%)

	   unknown
	31 (4.5%)
	97 (1.7%)


25(OH)D: 25-hydroxyvitamin D; data are given as number of subjects (percentage) or mean ± standard deviation
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Table 2. The associations of 25(OH)D level with lung cancer overall and histologic types in different models
	
	25(OH)D season-specific quartile: nmol/L (median)
	No. of subjects
	No. of cases
	Crude model
	Model 1
	Model 2

	
	
	
	
	HR
	95% CI
	HR
	95% CI
	HR
	95% CI

	Lung cancer overall
	6421
	696*
	
	
	
	
	
	

	
	1st: 10.0–41.9 (28.2) 
	1590
	155
	0.90
	(0.71 to 1.13)
	0.77
	(0.59 to 1.00)
	0.86
	(0.65 to 1.13)

	
	2nd: 31.2–52.9 (39.9) 
	1600
	164
	0.83
	(0.66 to 1.05)
	0.72
	(0.55 to 0.93)
	0.80
	(0.61 to 1.04)

	
	3rd: 40.0–65.2 (51.5) 
	1612
	180
	0.89
	(0.71 to 1.11)
	0.80
	(0.62 to 1.03)
	0.82
	(0.63 to 1.06)

	
	4th: 52.7–238.0 (68.0) 
	1619
	197
	1.00
	
	1.00
	
	1.00
	

	SCLC
	
	5886
	93
	
	
	
	
	
	

	
	1st: 10.0–41.9 (28.2) 
	1481
	27
	1.47
	(0.83 to 2.61)
	1.13
	(0.61 to 2.10)
	1.20
	(0.63 to 2.28)

	
	2nd: 31.2–52.9 (39.9) 
	1469
	21
	0.98
	(0.54 to 1.80)
	0.81
	(0.43 to 1.54)
	0.88
	(0.45 to 1.71)

	
	3rd: 40.0–65.2 (51.5) 
	1474
	23
	1.04
	(0.58 to 1.89)
	0.89
	(0.48 to 1.65)
	0.88
	(0.48 to 1.64)

	
	4th: 52.7–238.0 (68.0) 
	1462
	22
	1.00
	 
	1.00
	
	1.00
	

	NSCLC
	
	6177
	426†
	
	
	
	
	
	

	
	1st: 10.0–41.9 (28.2) 
	1532
	85
	0.77
	(0.58 to 1.03)
	0.66
	(0.48 to 0.91)
	0.74
	(0.53 to 1.03)

	
	2nd: 31.2–52.9 (39.9) 
	1550
	109
	0.87
	(0.66 to 1.14)
	0.76
	(0.56 to 1.02)
	0.84
	(0.62 to 1.14)

	
	3rd: 40.0–65.2 (51.5) 
	1545
	107
	0.83
	(0.63 to 1.09)
	0.76
	(0.56 to 1.02)
	0.78
	(0.57 to 1.05)

	
	4th: 52.7–238.0 (68.0) 
	1550
	125
	1.00
	 
	1.00
	
	1.00
	

	Adenocarcinoma
	5967
	192
	
	
	
	
	
	

	
	1st: 10.0–41.9 (28.2) 
	1492
	43
	0.73
	(0.50 to 1.09)
	0.62
	(0.41 to 0.95)
	0.75
	(0.48 to 1.16)

	
	2nd: 31.2–52.9 (39.9) 
	1490
	43
	0.65
	(0.44 to 0.97)
	0.57
	(0.37 to 0.86)
	0.64
	(0.42 to 0.98)

	
	3rd: 40.0–65.2 (51.5) 
	1489
	41
	0.61
	(0.41 to 0.91)
	0.55
	(0.36 to 0.84)
	0.58
	(0.38 to 0.88)

	
	4th: 52.7–238.0 (68.0) 
	1496
	65
	1.00
	
	1.00
	
	1.00
	

	Squamous cell carcinoma
	5927
	137
	
	
	
	
	
	

	
	1st: 10.0–41.9 (28.2) 
	1482
	24
	0.90
	(0.52 to 1.56)
	0.84
	(0.48 to 1.49)
	0.90
	(0.50 to 1.62)

	
	2nd: 31.2–52.9 (39.9) 
	1493
	46
	1.50
	(0.94 to 2.38)
	1.33
	(0.81 to 2.17)
	1.50
	(0.90 to 2.50)

	
	3rd: 40.0–65.2 (51.5) 
	1484
	36
	1.13
	(0.69 to 1.85)
	1.06
	(0.63 to 1.78)
	1.11
	(0.65 to 1.88)

	
	4th: 52.7–238.0 (68.0) 
	1468
	31
	1.00
	
	1.00
	
	1.00
	


25(OH)D: 25-hydroxyvitamin D; CI: confidence interval; HR: hazard ratio; NSCLC: non-small cell lung cancer; SCLC: small cell lung cancer
Model 1 (main results) adjusted for sex, pack-years of active smoking, passive smoking, family history of cancer, education and economic difficulties; Model 2 adjusted for body mass index (BMI), physical activity, alcohol consumption, and chronic bronchitis in addition to Model 1; Age was used as the time axis.
*including 177 unknown types
†including 22 other types and 75 unknown NSCLC



Table 3. The associations of 25(OH)D level with lung cancer overall and main histologic types stratified by sex
	25(OH)D season-specific quartile: nmol/L (median)
	Women
	Men

	
	No. of subjects
	No. of cases
	HR*
	95% CI
	No. of subjects
	No. of cases
	HR*
	95% CI

	Lung cancer overall
	3259
	266
	
	
	3162
	430
	
	

	   1st: 10.0–41.9 (28.2) 
	867
	73
	0.73
	(0.48 to 1.10)
	723
	82
	0.81
	(0.57 to 1.15)

	   2nd: 31.2–52.9 (39.9) 
	782
	58
	0.68
	(0.44 to 1.05)
	818
	106
	0.76
	(0.55 to 1.05)

	   3rd: 40.0–65.2 (51.5) 
	801
	72
	0.93
	(0.62 to 1.41)
	811
	108
	0.73
	(0.52 to 1.01)

	   4th: 52.7–238.0 (68.0) 
	809
	63
	1.00
	 
	810
	134
	1.00
	

	NSCLC
	
	3163
	159
	
	
	3014
	267
	
	

	   1st: 10.0–41.9 (28.2) 
	845
	46
	0.82
	(0.50 to 1.34)
	687
	39
	0.56
	(0.36 to 0.87)

	   2nd: 31.2–52.9 (39.9) 
	762
	35
	0.74
	(0.44 to 1.25)
	788
	74
	0.79
	(0.54 to 1.13)

	   3rd: 40.0–65.2 (51.5) 
	772
	41
	0.93
	(0.56 to 1.54)
	773
	66
	0.67
	(0.46 to 0.98)

	   4th: 52.7–238.0 (68.0) 
	784
	37
	1.00
	
	766
	88
	1.00
	

	Adenocarcinoma
	3094
	81
	
	
	2873
	111
	
	

	   1st: 10.0–41.9 (28.2) 
	824
	24
	0.72
	(0.38 to 1.33)
	668
	19
	0.54
	(0.29 to 0.99)

	   2nd: 31.2–52.9 (39.9) 
	746
	15
	0.53
	(0.26 to 1.09)
	744
	28
	0.58
	(0.34 to 0.98)

	   3rd: 40.0–65.2 (51.5) 
	754
	20
	0.77
	(0.40 to 1.47)
	735
	21
	0.42
	(0.24 to 0.73)

	   4th: 52.7–238.0 (68.0) 
	770
	22
	1.00
	
	726
	43
	1.00
	


25(OH)D: 25-hydroxyvitamin D; CI: confidence interval; HR: hazard ratio; NSCLC: non-small cell lung cancer
*Model 1 adjusted for pack-years of active smoking, passive smoking, family history of cancer, education and economic difficulties; Age was used as the time axis.
Effect modifications by sex (p>0.27 for all)


Table 4. The associations of 25(OH)D level with lung cancer overall and main histologic types stratified by body mass index (BMI)
	25(OH)D season-specific quartile: nmol/L (median)
	Normal weight
	Overweight/obesity

	
	No. of subjects†
	No. of cases
	HR*
	95% CI
	No. of subjects†
	No. of cases
	HR*
	95% CI

	Lung cancer overall
	2664
	315
	
	
	3716
	378
	
	

	   1st: 10.0–41.9 (28.2) 
	485
	56
	1.15
	(0.75 to 1.77)
	1084
	97
	0.73
	(0.51 to 1.04)

	   2nd: 31.2–52.9 (39.9) 
	602
	74
	1.03
	(0.69 to 1.55)
	991
	89
	0.61
	(0.43 to 0.87)

	   3rd: 40.0–65.2 (51.5) 
	718
	85
	0.88
	(0.60 to 1.28)
	887
	95
	0.78
	(0.54 to 1.11)

	   4th: 52.7–238.0 (68.0) 
	859
	100
	1.00
	
	754
	97
	1.00
	

	NSCLC
	2554
	195
	
	
	3582
	228
	
	

	   1st: 10.0–41.9 (28.2) 
	461
	30
	0.91
	(0.55 to 1.52)
	1050
	53
	0.62
	(0.41 to 0.95)

	   2nd: 31.2–52.9 (39.9) 
	582
	51
	1.12
	(0.71 to 1.76)
	961
	57
	0.60
	(0.40 to 0.90)

	   3rd: 40.0–65.2 (51.5) 
	689
	53
	0.92
	(0.60 to 1.42)
	849
	54
	0.68
	(0.44 to 1.03)

	   4th: 52.7–238.0 (68.0) 
	822
	61
	1.00
	
	722
	64
	1.00
	

	Adenocarcinoma
	2460
	92
	
	
	3467
	100
	
	

	   1st: 10.0–41.9 (28.2) 
	450
	19
	1.05
	(0.56 to 1.95)
	1022
	24
	0.55
	(0.30 to 1.00)

	   2nd: 31.2–52.9 (39.9) 
	555
	23
	0.94
	(0.51 to 1.73)
	928
	20
	0.38
	(0.21 to 0.69)

	   3rd: 40.0–65.2 (51.5) 
	660
	19
	0.61
	(0.33 to 1.12)
	822
	22
	0.50
	(0.27 to 0.90)

	   4th: 52.7–238.0 (68.0) 
	795
	31
	1.00
	
	695
	34
	1.00
	


25(OH)D: 25-hydroxyvitamin D; CI: confidence interval; HR: hazard ratio; NSCLC: non-small cell lung cancer
*Model 1 adjusted for sex, pack-years of active smoking, passive smoking, family history of cancer, education and economic difficulties; Age was used as the time axis.
Effect modifications by BMI (p≥0.13 for all). 
†41 subjects in case-cohort design had no information on BMI

Table 5. The associations of 25(OH)D level with lung cancer overall and main histologic types excluding the first 5 years of follow-up
	 
	 
	 
	 
	Crude model
	Model 1
	Model 2

	
	25(OH)D season-specific quartile: nmol/L (median)
	No. of subjects
	No. of cases
	HR
	95% CI
	HR
	95% CI
	HR
	95% CI

	Lung cancer overall
	6056
	559
	
	
	
	
	
	

	
	1st: 10.0–41.9 (28.2) 
	1483
	122
	0.89
	(0.69 to 1.15)
	0.73
	(0.55 to 0.97)
	0.81
	(0.60 to 1.10)

	
	2nd: 31.2–52.9 (39.9) 
	1503
	127
	0.79
	(0.61 to 1.02)
	0.67
	(0.50 to 0.89)
	0.75
	(0.56 to 1.01)

	
	3rd: 40.0–65.2 (51.5) 
	1540
	147
	0.88
	(0.69 to 1.12)
	0.78
	(0.60 to 1.03)
	0.80
	(0.60 to 1.06)

	
	4th: 52.7–238.0 (68.0) 
	1530
	163
	1.00
	
	1.00
	
	1.00
	

	NSCLC
	5862
	347
	
	
	
	
	
	

	
	1st: 10.0–41.9 (28.2) 
	1437
	68
	0.74
	(0.54 to 1.02)
	0.60
	(0.42 to 0.85)
	0.67
	(0.46 to 0.95)

	
	2nd: 31.2–52.9 (39.9) 
	1463
	82
	0.77
	(0.57 to 1.04)
	0.65
	(0.47 to 0.90)
	0.72
	(0.51 to 1.01)

	
	3rd: 40.0–65.2 (51.5) 
	1485
	90
	0.82
	(0.61 to 1.10)
	0.73
	(0.53 to 1.01)
	0.74
	(0.54 to 1.03)

	
	4th: 52.7–238.0 (68.0) 
	1477
	107
	1.00
	
	1.00
	
	1.00
	

	Adenocarcinoma
	5689
	155
	
	
	
	
	
	

	
	1st: 10.0–41.9 (28.2) 
	1401
	30
	0.64
	(0.41 to 1.02)
	0.52
	(0.32 to 0.85)
	0.64
	(0.39 to 1.06)

	
	2nd: 31.2–52.9 (39.9) 
	1419
	35
	0.65
	(0.42 to 1.01)
	0.56
	(0.35 to 0.88)
	0.64
	(0.40 to 1.03)

	
	3rd: 40.0–65.2 (51.5) 
	1440
	37
	0.67
	(0.44 to 1.03)
	0.61
	(0.39 to 0.95)
	0.64
	(0.41 to 1.00)

	
	4th: 52.7–238.0 (68.0) 
	1429
	53
	1.00
	
	1.00
	
	1.00
	


25(OH)D: 25-hydroxyvitamin D; CI: confidence interval; HR: hazard ratio; NSCLC: non-small cell lung cancer
Model 1 (main results) adjusted for sex, pack-years of active smoking, passive smoking, family history of cancer, education and economic difficulties; Model 2 adjusted for body mass index (BMI), physical activity, alcohol consumption, and chronic bronchitis in addition to Model 1; Age was used as the time axis.

Figure legend
Figure 1. Inclusion of subjects to the case and subcohort groups in the HUNT2 study. The cases present in the subcohort (n=92 originally sampled; n=79 included in analyses) are duplicates of lung cancer cases in the case group. 
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