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[ Abstract] Objective To identify the risk factors related to lifestyle behaviors that affect the incidence of lung
cancer, to build a lung cancer risk prediction model to identify, in the population, individuals who are at high risk, and to
facilitate the early detection of lung cancer. Methods The data used in the study were obtained from the UK Biobank, a
database that contains information collected from 502 389 participants between March 2006 and October 2010. Based on
domestic and international guidelines for lung cancer screening and high-quality research literature on lung cancer risk
factors, high-risk population identification criteria were determined. Univariate Cox regression was performed to screen
for risk factors of lung cancer and a multifactor lung cancer risk prediction model was constructed using Cox proportional
hazards regression. Based on the comparison of Akaike information criterion and Schoenfeld residual test results, the
optimal fitted model assuming proportional hazards was selected. The multiple factor Cox proportional hazards
regression was performed to consider the survival time and the population was randomly divided into a training set and a
validation set by a ratio of 7:3. The model was built using the training set and the performance of the model was internally
validated using the validation set. The area under the receiver operating characteristic (ROC) curve (AUC) was used to
evaluate the efficacy of the model. The population was categorized into low-risk, moderate-risk, and high-risk groups
based on the probability of occurrence of 0% to <25%, 25% to <75%, and 75% to 100%. The respective proportions of
affected individuals in each risk group were calculated. Results The study eventually covered 453558 individuals, and
out of the cumulative follow-up of 5505402 person-years, a total of 2330 cases of lung cancer were diagnosed. Cox
proportional hazards regression was performed to identify 10 independent variables as predictors of lung cancer,
including age, body mass index (BMI), education, income, physical activity, smoking status, alcohol consumption
frequency, fresh fruit intake, family history of cancer, and tobacco exposure, and a model was established accordingly.
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Internal validation results showed that 8 independent variables (all the 10 independent variables screened out except for

BMI and fresh fruit intake) were significant influencing factors of lung cancer (P<0.05). The AUC of the training set for

predicting lung cancer occurrence at one year, five years, and ten years were 0.825, 0.785, and 0.777, respectively. The

AUC of the validation set for predicting lung cancer occurrence at one year, five years, and ten years were 0.857, 0.782,

and 0.765, respectively. 68.38% of the individuals who might develop lung cancer in the future could be identified by

screening the high-risk population. Conclusion We established, in this study, a model for predicting lung cancer risks

associated with lifestyle behaviors of a large population. Showing good performance in discriminatory ability, the model

can be used as a tool for developing standardized screening strategies for lung cancer.
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Table 1 Statistical characteristics and Cox regression analysis

Lung No lung Incidence/ Univariable Cox Multivariate Cox
Variable cancer/case, cancer/case, %
n=2330  n=451228 oo HR (95% CI) P HR (95% CI) P
Agelyr.
40-49 91 111462 0.82 Reference Reference
50-64 1347 259088 5.17 6.55 (5.06-8.46)  <0.001 5.43 (3.39-8.69) <0.001
=65 892 80678 10.94  14.46 (11.14-18.76) <0.001 11.36 (6.95-18.56) <0.001
Sex
Female 1045 240686 4.32 Reference
Male 1285 210542 6.07 1.43 (1.3-1.58) <0.001
Body mass index/(kg/m?)
<18.5 52 4537 11.33 Reference Reference
18.5-24.9 724 145402 4.95 0.47 (0.33-0.66)  <0.001  3.46 (0.48-24.77) 0.22
25.0-29.9 971 191225 5.05 0.48 (0.34-0.67)  <0.001  3.11 (0.44-22.23) 0.26
>29.9 583 110064 5.27 0.48 (0.34-0.68)  <0.001 2.61(0.36-18.73) 0.34
Qualifications
College or university degree 362 147542 2.45 Reference Reference
A levels/AS levels or equivalent 181 50323 3.58 1.62 (1.31-1.99)  <0.001 1.66 (1.23-2.23)  <0.001
O levels/GCSEs or equivalent 424 94697 4.46 1.87 (1.58-2.21)  <0.001 1.57 (1.22-2.03)  <0.001
CSEs or equivalent 77 24 866 3.09 1.28 (0.95-1.72) 0.105 1.11 (0.65-1.88) 0.71
NVQ, or HND, or HNC, or the equivalent 207 29622 6.94 2.95(2.41-3.62) <0.001 1.71 (1.22-2.38)  <0.001
Other professional qualifications 117 22960 5.07 2.06 (2.41-2.65) <0.001  1.55(1.06-2.25)  0.02
Missing data 962 81218 11.71
Income/(£/year)
<18000 826 85352 9.58 Reference Reference
18000-30999 564 96737 5.80 0.62 (0.54-0.70)  <0.001 1.02 (0.79-1.32) 0.90
31000-51999 299 101496 2.94 0.32(0.27-0.37)  <0.001  0.87 (0.66-1.16)  0.35
52000-100 000 146 80277 1.82 0.19 (0.16-0.24)  <0.001  0.63 (0.44-0.89) <0.001
>100000 39 21455 1.81 0.17 (0.11-0.26)  <0.001 0.83 (0.49-1.41) 0.50
Missing data 456 65911 6.87
Ethnicity
White 2250 423934 5.28 Reference
Not white 70 25677 2.72 0.46 (0.34-0.62)  <0.001
Missing data 10 1617 6.15
International Physical Activity Questionnaires activity group
Low 417 68539 6.05 Reference Reference
Moderate 687 148113 4.62 0.78 (0.67-0.90) 0.001  0.75(0.58-0.95)  0.02
High 639 147235 4.32 0.73 (0.63-0.85)  <0.001  0.61(0.47-0.79) <0.001
Missing data 587 87341 6.68
Smoking status
Never 308 249020 1.24 Reference Reference
Previous 1029 153457 6.66 5.70 (4.89-6.64)  <0.001 3.74 (2.98-4.68) <0.001
Current 975 47071 20.29  16.93 (14.51-19.76) <0.001 3.23(1.98-5.29) <0.001
Missing data 18 1680 10.60
Cooked vegetables intake/(tablespoon/d)
<3 1177 230290 5.08 Reference
3 604 120535 4.99 0.98 (0.87-1.10) 0.691
>3 506 94436 5.33 1.08 (0.96-1.23) 0.195
Missing data 43 5967 7.15
Salad/Raw vegetables intake/(tablespoon/d)
<3 1657 305853 5.39 Reference
3 270 62888 4.27 0.80 (0.69-0.93) 0.004
>3 345 76357 4.50 0.83 (0.72-0.95) 0.007
Missing data 58 6130 9.37
Fresh fruit intake/(pieces/d)
<3 1651 286932 5.72 Reference Reference
3 352 89765 391 0.66 (0.57-0.76)  <0.001 0.80 (0.61-1.03) 0.08
>3 298 72558 4.09 0.75 (0.65-0.87)  <0.001 1.05 (0.82-1.36) 0.69
Missing data 29 1973 14.49
Meat intake/ (tablespoon/d)
<1 725 178138 4.05 Reference
1 677 131150 5.14 1.21 (1.06-1.37) 0.003
>1 923 140841 6.51 1.59 (1.41-1.78)  <0.001
Missing data 5 1099 4.53
Cheese intake/(tablespoon/d)
<1 509 88452 5.72 Reference
1 543 94305 5.72 1.04 (0.90-1.20) 0.635
>1 1198 257268 4.64 0.85 (0.75-0.96) 0.011
Missing data 80 11203 7.09
Alcohol drinker status
Never 78 20245 3.84 Reference
Previous 186 15949 11.53 3.26 (2.34-4.54)  <0.001
Current 2063 414475 4.95 1.45 (1.09-1.93) 0.010
Missing data 3 559 5.34
Alcohol drinking status/(day/week)
>4 577 91413 6.27 Reference Reference
1-4 974 221206 4.38 0.69 (0.61-0.78)  <0.001 0.79 (0.63-1.00) 0.04
<1 776 138186 5.58 0.88 (0.77-1.00) 0.052 1.06 (0.81-1.38) 0.67

Missing data 3 423 7.04
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gR1
Lung No lung Incidence/ Univariable Cox Multivariate Cox
Variable cancer/case, cancer/case, %
n=2330 n=451228 00 HR (95% CI) P HR (95% CI) P
Worries/anxious feelings
No 1023 191389 5.32 Reference
Yes 1229 247351 4.94 0.89 (0.81-0.98) 0.021
Missing data 78 12488 6.21
Apolipoprotein A
Low 9 663 13.39 Reference
Moderate 1974 375222 5.23 0.38 (0.17-0.85) 0.019
High 42 12017 3.48 0.26 (0.11-0.62) 0.003
Missing data 305 63326 4.79
Apolipoprotein B
Low 2 255 7.78 Reference
Moderate 1697 325484 5.19 0.90 (0.13-6.41) 0.918
High 472 96954 4.84 0.83 (0.12-5.94) 0.857
Missing data 159 559 221.45
High-density lipoprotein
Low 500 70339 7.06 Reference
Moderate 971 184553 5.23 0.73 (0.65-0.84) <0.001
High 562 135067 4.14 0.60 (0.52-0.69) <0.001
Missing data 297 61269 4.82
Low-density lipoprotein
Low 155 15239 10.07 Reference
Moderate 710 117309 6.02 0.65 (0.52-0.80) <0.001
High 1313 291491 4.48 0.48 (0.39-0.59) <0.001
Missing data 152 27189 5.56
Total cholesterol
Low 13 1181 10.89 Reference
Moderate 916 145186 6.27 0.56 (0.29-1.09) 0.088
High 1253 278430 4.48 0.40 (0.21-0.78) 0.007
Missing data 148 26431 5.57
Triacylglycerol
Low 21 6735 3.11 Reference
Moderate 1123 248222 4.50 1.37 (0.83-2.24) 0.215
High 1036 169510 6.07 1.75(1.07-2.88) 0.026
Missing data 150 26761 5.57
Family history of cancer
No 1862 392298 4.72 Reference Reference
Yes 452 56907 7.88 1.75 (1.55-1.97) <0.001 1.65 (1.30-2.09) <0.001
Missing data 16 2023 7.85
Tobacco exposure
No 1033 322997 3.19 Reference Reference
Yes 396 87133 4.52 1.47 (1.28-1.68) <0.001 1.33 (1.07-1.65) 0.01
Missing data 901 41098 21.45

A levels: Advanced Level qualifications; AS levels: Advanced subsidiary levels; O levels: General Certificate of Education Ordinary Level; GCSEs: General
Certificate of Secondary Education; CSEs: Certificate of Secondary Education; NVQ: National Vocational Qualification; HND: higher National Diploma; HNC:
Higher National certificate.
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Fig 2 ROC curve analysis results of the training set (left) and the test set (right)
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Table 2 Results of population risk assessment

Risk situation Number of Proportion of
cases cases
High-risk population 291 68.38%
Moderate-risk population 123 28.58%
Low-risk population 13 3.04%
Total 427 100%
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