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The associations of body mass index (BMI) and other anthropometric measurements with lung cancer were

examined in 348,108 participants in the European Investigation Into Cancer and Nutrition (EPIC) between 1992

and 2010. The study population included 2,400 case patients with incident lung cancer, and the average length

of follow-up was 11 years. Hazard ratios were calculated using Cox proportional hazard models in which we mod-

eled smoking variables with cubic splines. Overall, there was a significant inverse association between BMI (weight

(kg)/height (m)2) and the risk of lung cancer after adjustment for smoking and other confounders (for BMI of 30.0–

34.9 versus 18.5–25.0, hazard ratio = 0.72, 95% confidence interval: 0.62, 0.84). The strength of the association

declined with increasing follow-up time. Conversely, after adjustment for BMI, waist circumference and waist-to-

height ratio were significantly positively associated with lung cancer risk (for the highest category of waist circum-

ference vs. the lowest, hazard ratio = 1.25, 95% confidence interval: 1.05, 1.50). Given the decline of the inverse

association between BMI and lung cancer over time, the association is likely at least partly due to weight loss re-

sulting from preclinical lung cancer that was present at baseline. Residual confounding by smoking could also have

influenced our findings.

body mass index; lung cancer; obesity; smoking; waist circumference; waist to hip ratio; waist-to-height ratio

Abbreviations: BMI, bodymass index; EPIC, European Prospective Investigation IntoCancer and Nutrition;WC, waist circumference;

WHR, waist to hip ratio; WHtR, waist to height ratio.

Body mass index (BMI) was found to be inversely related to
the risk of lung cancer in 3 meta-analyses, 2 of which included
only cohort studies on the incidence of lung cancer (1, 2) (1 in-
cluded only males) and 1 of which also included case-control
studies and studies on lung cancer mortality (3). This relation-
shipwas also found in 2 cohort studies on lung cancer incidence
that were not included in these meta-analyses (4, 5). A higher
risk of lung cancer in persons with lower BMIs might be ex-
plained by preclinical lung cancer leading to weight loss before

diagnosis or by uncontrolled or residual confounding by smok-
ing, which influences both BMI and lung cancer (6). Evidence
of the role of confounding by smoking can be obtained by strat-
ifying the analyses for smoking, because doing so should cause
the association due to confounding to disappear in never smok-
ers. Because lung cancer is relatively rare in never smokers, here
evidence is less consistent.Most studies show nonsignificant re-
lationships in never smokers, but often the power to detect such
a relationship is limited. In 1 meta-analysis (which included
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case-control studies), investigators found an inverse association
in never smokers, although it was less strong than that in former
and current smokers (3). In another meta-analysis in which the
researchers applied more rigorous exclusion criteria, there was
no evidence of such a relationship (1). Recently, Renehan et al.
(7) conducted a simulation study and showed that a modest cor-
relation of −0.10 between BMI and the number of cigarettes
smoked might explain the observed inverse association in
smokers found in the article by Smith et al. (8) through residual
confounding.
In addition to BMI, which is a measure of general obesity, fat

distribution might play a role in the development of lung cancer
(6, 9, 10). Abdominal adiposity is reflected by a higher waist-
to-hip ratio (WHR) and a higher waist circumference (WC) rel-
ative to other persons with the same BMI (11, 12). Another
measure of abdominal adiposity is waist-to-height ratio
(WHtR) (13). Results from 3 cohort studies have shown a pos-
itive association between lung cancer incidence and WHR and/
or WC after adjustment for BMI (6, 9, 10), and results from an-
other have shown a positive association with mortality (14);
however, to our knowledge, the association between WHtR
and lung cancer risk has not been evaluated. In 1 study, inves-
tigators looked for the association between hip circumference
and the risk of lung cancer in never smokers and found an in-
verse association after adjustment for BMI (9).
Height is another anthropometric factor that has been stud-

ied with regard to risk of lung cancer in 9 cohort studies (6, 10,
15–21). In most studies, no associations were found. However,
in 2 studies, researchers found a positive association between
height and lung cancer in subgroups of the population; onewas
a study of women who had never smoked (6), and the other
was a study of men who had never smoked (20).
In the present study, we examined the associations of the

anthropometric measures BMI, height, WC, hip circumfer-
ence, WHR, and WHtR with the risk of lung cancer in the
European Prospective Investigation Into Cancer and Nutri-
tion (EPIC). In EPIC, available anthropometric data are
mostly based on measurements rather than self-report. De-
tailed data on smoking were obtained, allowing thorough
modeling to minimize confounding by smoking. Special at-
tention was given to the possible role of preclinical lung cancer
as an explanation for the inverse relationship of lung cancer risk
with BMI by studying whether the association changes with
time since BMI measurement.

METHODS

Study design

EPIC is a prospective cohort study that consists of more
than 500,000 subjects recruited between 1992 and 2000.
Subjects were enrolled in 23 centers in 10 European countries
(France, Italy, Spain, United Kingdom, the Netherlands,
Greece, Germany, Sweden, Denmark, and Norway) (22).
Most centers sampled from the general population, with par-
ticipant ages ranging mostly between 30 and 70 years. The
study investigators obtained ethical approval from participat-
ing centers and the International Agency for Research on
Cancer ethics committees. Informed consent was given by
all study participants (23).

Study population

In the present study, we used data from 348,108 subjects.
We excluded participants with prevalent cancer (except
nonmelanoma skin cancer) (n = 23,785); participants with
only uncalibrated self-reported baseline information (all of
the Norwegian cohort, most of the French cohort); partici-
pants with missing information on smoking (n = 11,746),
weight (n = 92,010), height (n = 91,342), WC (n = 118,933),
hip circumference (n = 121,790), baseline educational level
(n = 8,055), physical activity level (n = 44,664), current preg-
nancy (n = 26,804), or diet (n = 6,193); and participants
within the extreme percentiles of the ratio of energy intake
to estimated energy requirement (n = 15,854). Excluded par-
ticipants were counted in multiple groups.

Assessment of anthropometric data, lifestyle factors,

and diet

Anthropometric measurements, including weight, height,
WC, and hip circumference, were obtained using a standard
protocol (22). In the present study, we also used self-reported
information from the health-conscious cohort from the EPIC-
Oxford Study that was calibrated using a predictive equation
based on data from the general population of the EPIC-
Oxford Study cohort (24).
BMI was calculated as weight in kilograms divided by

square of height in meters; WHR was calculated at as waist
circumference in centimeters divided by hip circumference in
centimeters; and WHtR was calculated as height in centime-
ters divided by waist circumference in centimeters. Country-
specific validated food frequency questionnaires were used to
measure usual dietary habits. Other characteristics were as-
sessed using standardized questionnaires (23).

Assessment of endpoints

Data on lung cancer were obtained from cancer registries
(Italy, Spain, United Kingdom, the Netherlands, Sweden,
Denmark, and Norway) or by using a combination of health
insurance data, cancer and pathology registry data, and infor-
mation from closest family members (France, Greece, and
Germany) (23). Follow-up time ended at diagnosis of a first
primary cancer, death, migration, last known contact, or end
of follow-up (ranging from 2004 to 2010, depending on the
center), whichever came first.
Based on the International Classification of Disease for

Oncology, Second Edition, lung cancer was defined as all in-
vasive cancers coded with C34. Lung cancers were classified
into 5 histological categories according to the World Health
Organization’s International Histological Classification of
Tumours: squamous-cell carcinoma (codes 8070, 8071,
8072, 8073, 8075, 8083, 8094, and 8123), small-cell carci-
noma (codes 8041, 8042, 8043, 8044, 8045, and 8246),
large-cell carcinoma (codes 8012, 8020, and 8021), and ad-
enocarcinoma (codes 8140, 8200, 8211, 8230, 8250, 8251,
8253, 8260, 8310, 8470, 8480, 8481, 8490, and 8550), with
other histological types (codes 8000, 8001, 8003, 8010,
8011, 8022, 8030, 8031, 8032, 8046, 8240, 8560, 8710,
8800, 8801, 8990, 9120, 9133, and 9699) were assigned
to “unclassified.”
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Statistical analysis

Because smoking is an important confounder, we present stan-
dardized mean values of the anthropometric variables by smok-
ing status. Standardization (using least square means from linear
regression) was used because crude means are heavily con-
founded, for example, by center and age. As a standard, we
used the population mean value for continuous variables and
population marginal proportions for the categorical variables.

Cox proportional hazard models with age as the underly-
ing time variable were used to analyze the associations be-
tween anthropometric measures and the risk of lung cancer
(25). For BMI, WC, and WHR, World Health Organization
categorizations were used (11). BMI was categorized as
<18.5, 18.5–24.9, 25.0–29.9; 30.0–34.9, or ≥35.0. WC
was categorized as <94.0, 94.0–101.9, and ≥102.0 cm for
men and <80.0, 80.0–87.9, and ≥88.0 cm for women, and
WHR was categorized <0.950, 0.950–0.999, and >1.00 for
men and <0.800, 0.800–0.849, and >0.850 for women. For
WHtR, hip circumference, and height, categories were based

on sex-specific study-wide quartiles, with the lowest quartile
serving as the reference category. To test for trend, we assigned
each participant themedian value of the category towhich they
belonged and used this variable as a continuous variable. This
“trend variable” was also used to test for interactions with
smoking, sex, or time in follow-up.

All Coxmodelswere stratified by study center, sex, and age at
recruitment in 1-year categories. The stratification by age at re-
cruitment was done in order to adjust for time in study: By
matching individuals of the same age during follow-up
on age of recruitment, one implicitly matches on time in
follow-up. The proportional hazard assumption was tested
by adding interaction terms between age (time dependent)
and all covariates in the models. Only for smoking status
was the proportional hazard assumption not satisfied. There-
fore, smoking status was also included as a stratum variable
in the Cox models. In addition to stratifying by smoking, we
included the average number of lifetime cigarettes smoked
per day, the number of cigarettes smoked per day at baseline,
and the duration of cigarette smoking in years in the model as

Table 1. Hazard Ratios for the Associations of Lung Cancer With Waist Circumference, Hip Circumference, and

Waist-to-Height Ratio by Sex After Additional Adjustment for Body Mass Index, European Prospective Investigation

Into Cancer and Nutrition, 1992–2010

Measure and Category
No. of
Cases

All Participants Men Women

HRa 95% CI HRa 95% CI HRa 95% CI

Waist circumferenceb

Normal 1,086 1.00 Referent 1.00 Referent 1.00 Referent

Increased 674 1.07 0.94, 1.22 1.15 0.96, 1.36 0.99 0.81, 1.19

Substantially increased 640 1.25 1.05, 1.50 1.26 0.98, 1.61 1.31 1.02, 1.68

P for trend 0.008 0.07 0.06

Quartile of hip circumferencec

1 663 1.00 Referent 1.00 Referent 1.00 Referent

2 640 0.91 0.79, 1.05 0.95 0.79, 1.14 0.90 0.73, 1.11

3 537 0.85 0.72, 1.00 0.88 0.70, 1.10 0.87 0.69, 1.11

4 560 0.94 0.75, 1.17 1.08 0.81, 1.44 0.89 0.64, 1.24

P for trend 0.99 0.66 0.55

Quartile of WHtRd

1 568 1.00 Referent 1.00 Referent 1.00 Referent

2 681 1.02 0.86, 1.21 0.98 0.78, 1.23 1.09 0.85, 1.40

3 550 1.13 0.95, 1.35 1.15 0.90, 1.47 1.15 0.88, 1.50

4 601 1.35 1.07, 1.69 1.22 0.89, 1.67 1.59 1.14, 2.23

P for trend 0.0006 0.19 0.002

Abbreviations: CI, confidence interval; HR, hazard ratio; WHtR, waist-to-height ratio.
a Calculated using Cox regression with age as the underlying time variable, stratification by center, age at

recruitment, sex, and smoking status, and adjustment for the duration of smoking, the lifetime number of cigarettes

smoked, the number of cigarettes smoked at baseline (all modeled with cubic spline functions), educational level,

physical activity level, fruit consumption, vegetable consumption, meat consumption, fat intake, energy intake, and

anthropometric variables, including body mass index.
b The cutoffs for normal, increased, and substantially increased were <94.0, 94.0–101.9, and ≥102.0 cm,

respectively, in men and <80.0, 80.0–87.9, and ≥88.0 cm, respectively, in women.
c The cutoffs for quartiles 1–4 were <96.00 cm, 96.00–100.25 cm, 100.26–104.99 cm, and ≥105.00 cm,

respectively, in men and <95.00 cm, 95.00–99.99 cm, 100.00–105.99 cm, and ≥106.00 cm, respectively, in women.
d The cutoffs for quartiles 1–4 were <0.500, 0.500–0.539, 0.540–0.579, and ≥0.580, respectively, for men and

<0.440, 0.440–0.479, 0.480–0.539, and ≥0.540, respectively, for women.
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restricted cubic spline functions, using 5 knots (placed at the
5th, 25th, 50th, 75th, and 95th percentiles) (26).
We included the following potential confounders based on a

review of evidence from cancer-related meta-analyses (27) and
an earlier EPIC study (28): highest educational level attained
(none; primary school; technical, professional, or secondary
school; or college/university degree), physical activity level as
given by the Cambridge Physical Activity Index (inactive, mod-
erately inactive, moderately active, or active) (29), vegetable

consumption (g/day), fruit consumption (g/day), red and pro-
cessed meat consumption (g/day), fat intake (g/day), total en-
ergy intake (kcal/day), and height (m). The model for height
was adjusted for BMI (continuous). In additional analyses,
models for WC, WtHR, and hip circumference were further ad-
justed for BMI. Furthermore, we conducted a priori specified
subgroup analyses by smoking status and by histological type.
Lastly, in order to see the influence of preclinical disease,

the analysis was conducted separately for different lengths of

Table 2. Hazard Ratio for the Associations of Lung Cancer With Body Mass Index, Waist Circumference,

Waist-to-Hip Ratio, and Waist-to-Height Ratio by Smoking Status, European Prospective Investigation Into Cancer

and Nutrition, 1992–2010

Measure and Category

Smoking Status

P for
Interaction

Never
(n = 202)

Former
(n = 613)

Current
(n = 1,585)

HRa 95% CI HRa 95% CI HRa 95% CI

BMIb 0.03

<18.5 0.61 0.09, 4.42 0.57 0.08, 4.20 1.59 1.07, 2.37

18.5–24.9 1.00 Referent 1.00 Referent 1.00 Referent

25.0–29.9 0.82 0.60, 1.13 1.04 0.83, 1.31 0.75 0.66, 0.84

30.0–34.9 0.60 0.37, 0.98 0.91 0.67, 1.23 0.70 0.57, 0.85

≥35.0 0.63 0.28, 1.39 1.25 0.75, 2.09 0.70 0.47, 1.03

P for trend 0.05 0.82 <0.0001

Waist circumferencec 0.22

Normal 1.00 Referent 1.00 Referent 1.00 Referent

Increased 1.21 0.83, 1.76 1.09 0.84, 1.41 1.06 0.90, 1.24

Substantially increased 0.95 0.54, 1.65 1.15 0.80, 1.63 1.38 1.10, 1.72

P for trend 0.96 0.42 0.005

WHRd

Normal 1.00 Referent 1.00 Referent 1.00 Referent 0.03

Moderate 1.17 0.84, 1.63 1.08 0.85, 1.38 0.94 0.81, 1.08

High 0.76 0.0, 1.15 1.44 1.14, 1.82 0.98 0.85, 1.12

P for trend 0.44 0.006 0.90

Quartile of WHtRe

1 1.00 Referent 1.00 Referent 1.00 Referent 0.18

2 1.03 0.60, 1.74 1.23 0.79, 1.90 1.01 0.83, 1.22

3 1.27 0.74, 2.19 1.46 0.94, 2.27 1.07 0.86, 1.32

4 1.31 0.66, 2.64 1.64 0.99, 2.73 1.34 1.01, 1.76

P for trend 0.35 0.05 0.003

Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; WHR, waist-to hip-ratio; WHtR,

waist-to-height ratio.
a Calculated using Cox regression with age as the underlying time variable, stratification by center, age at

recruitment, and sex, and adjustment for the duration of smoking, the lifetime number of cigarettes smoked, the

number of cigarettes smoked at baseline (all modeled with cubic spline functions), educational level, physical

activity level, fruit consumption, vegetable consumption, meat consumption, fat intake, energy intake, and height.

For waist circumference and WHtR, models were additionally adjusted for BMI.
b Weight (kg)/height (m)2.
c The cutoffs for normal, increased, and substantially increased were <94.0, 94.0–101.9, and ≥102.0 cm,

respectively, in men and <80.0, 80.0–87.9, and ≥88.0 cm, respectively, in women.
d The cutoffs for normal, moderate, and high were <0.950, 0.950–0.999, and >1.00, respectively, in men and

<0.800, 0.800–0.849, and >0.850, respectively, in women.
e The cutoffs for quartiles 1–4 were <0.500, 0.500–0.539, 0.540–0.579, and ≥0.580, respectively, for men and

<0.440, 0.440–0.479, 0.480–0.539, and ≥0.540, respectively, for women.
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follow-up (0–2, 3–5, 6–10, or 11–17 years). To visualize
these results, we modeled time in follow-up as a restricted
cubic spline that included an interaction of this spline func-
tion with BMI.

Sensitivity analyses were conducted to assess the consis-
tency of the findings by excluding the calibrated self-reported
measurements, by using only histologically confirmed lung
cancer cases, or by restricting to cases detected before death.
P values less than 0.05 (2-sided) were considered statistically
significant, and analyses were performed using SAS, versions
9.2 and 9.3 (SAS Institute, Inc., Cary, North Carolina).

RESULTS

After a mean of 11.1 years of follow-up, 2,400 incident
cases of lung cancer were identified (1,362 men and 1,038
women), of which 794 were adenocarcinomas, 476 were
squamous-cell carcinomas, 387 were small-cell carcinoma,
173 large-cell were carcinomas, and 570 were unclassified
lung cancers. Of all cases, 86.6% were microscopically
confirmed by cytology, hematology, or autopsy.

Men were more likely to be overweight and obese than were
women (WebTable 1, available at http://aje.oxfordjournals.org/).

Table 3. Hazard Ratios for the Associations of Subtypes of Lung Cancer With Body Mass Index, Waist Circumference, Waist-to-Hip Ratio, and

Waist-to-Height Ratio, European Prospective Investigation Into Cancer and Nutrition, 1992–2010

Measure and Category

Lung Cancer Subtype

Adenocarcinoma
(n = 794)

Squamous-Cell
Carcinoma
(n = 476)

Small-Cell
Carcinoma
(n = 387)

Large-Cell
Carcinoma
(n = 173)

Unclassified
(n = 570)

HRa 95% CI HRa 95% CI HRa 95% CI HRa 95% CI HRa 95% CI

BMIb

<18.5 2.39 1.44, 3.95 0.27 0.04, 2.03 1.51 0.60, 3.83 0.81 0.10, 6.87 0.98 0.40, 2.44

18.5–24.9 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

25.0–29.9 0.72 0.60, 0.85 0.77 0.60, 0.98 1.04 0.80, 1.35 0.85 0.54, 1.34 0.83 0.68, 1.03

30.0–34.9 0.48 0.36, 0.65 0.68 0.48, 0.97 1.12 0.78, 1.61 0.68 0.34, 1.35 0.89 0.66, 1.19

≥35 0.54 0.31, 0.94 0.86 0.44, 1.67 1.12 0.59, 2.16 0.87 0.26, 2.93 0.92 0.54, 1.60

P for trend <0.0001 0.08 0.63 0.36 0.32

Waist circumferencec

Normal 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

Increased 1.05 0.84, 1.30 1.11 0.82, 1.51 0.95 0.69, 1.31 0.96 0.55, 1.68 1.26 0.97, 1.63

Substantially increased 1.08 0.79, 1.48 1.52 1.01, 2.30 1.14 0.74, 1.75 1.04 0.48, 2.24 1.54 1.09, 2.19

P for trend 0.89 0.002 0.37 0.66 0.004

WHRd

Normal 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

Moderate 1.07 0.88, 1.30 0.87 0.66, 1.14 0.82 0.61, 1.11 0.96 0.58, 1.58 1.11 0.88, 1.40

High 0.98 0.80, 1.20 1.13 0.87, 1.46 1.06 0.81, 1.40 1.19 0.71, 1.98 1.06 0.84, 1.34

P for trend 0.24 0.01 0.49 0.67 0.23

Quartile of WHtRe

1 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

2 0.95 0.72, 1.24 0.78 0.53, 1.16 1.16 0.74, 1.80 2.89 1.10, 7.58 1.15 0.81, 1.65

3 1.11 0.83, 1.49 0.92 0.61, 1.39 1.13 0.71, 1.81 3.21 1.17, 8.78 1.29 0.89, 1.87

4 1.16 0.79, 1.72 1.34 0.80, 2.24 1.25 0.70, 2.21 4.34 1.34, 14.1 1.52 0.96, 2.41

P for trend 0.30 0.007 0.24 0.22 0.02

Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio.
a Calculated using Cox regression with age as the underlying time variable, stratification by center, age at recruitment, sex, and smoking status,

and adjustment for the duration of smoking, the lifetime number of cigarettes smoked, the number of cigarettes smoked at baseline (all modeledwith

cubic spline functions), educational level, physical activity level, fruit consumption, vegetable consumption, meat consumption, fat intake, and

energy intake. For waist circumference and WHtR, models were additionally adjusted for BMI.
b Weight (kg)/height (m)2.
c The cutoffs for normal, increased, and substantially increased were <94.0, 94.0–101.9, and≥102.0 cm, respectively, in men and <80 cm, 80 to

<88 cm, and ≥88 cm, respectively, in women.
d The cutoffs for normal, moderate, and high were <0.950, 0.950–0.999, and >1.00, respectively, in men and <0.800, 0.800–0.849, and >0.850,

respectively, in women.
e The cutoffs for quartiles 1–4 were <0.500, 0.500–0.539, 0.540–0.579, and ≥0.580, respectively, for men and <0.440, 0.440–0.479,

0.480–0.539, and ≥0.540, respectively, for women.
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Former smokers had the highest average BMI, and current
smokers had the lowest (Web Table 2). After conditioning
on BMI, WC and WtHR were highest in current smokers
and lowest in never smokers. This same pattern was seen
for WHR in women.
BMI, hip circumference, and height were inversely related

to lung cancer incidence in the crude model (Web Table 3),
whereas WHR was positively related to lung cancer. The
strength of the associations diminished after adjustment for

smoking, with the association with lung cancer becoming
nonsignificant for height and WHR (except in women). Tak-
ing other potentially confounding variables into account did
not appreciably change the results (Web Table 3). After all ad-
justments, compared with normal-weight subjects, overweight
subjects (BMI of 25.0–29.9) had a hazard ratio of 0.81 (95%
confidence interval: 0.73, 0.90) and obese subjects (BMI of
30.0–34.9) had a hazard ratio of 0.72 (95% confidence interval:
0.62, 0.84) (Web Table 3). The P value for trend for BMI in the

Table 4. Hazard Ratio for the Associations of Lung Cancer With Body Mass Index, Waist Circumference,

Waist-to-Hip Ratio, and Waist-to-Height Ratio by Years of Follow-Up, European Prospective Investigation Into

Cancer and Nutrition, 1992–2010

Measure and Category

Years of Follow-Up

1–2
(n = 262)

3–5
(n = 515)

6–10
(n = 1,079)

11–17
(n = 544)

HRa 95% CI HRa 95% CI HRa 95% CI HRa 95% CI

BMIb

<18.5 2.10 0.80, 5.6 1.24 0.54, 2.85 1.51 0.79, 2.65 1.11 0.43, 2.85

18.5–24.9 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

25.0–29.9 0.85 0.62, 1.16 0.80 0.64, 1.00 0.75 0.65, 0.88 0.95 0.76, 1.20

30.0–34.9 0.70 0.43, 1.13 0.86 0.63, 1.16 0.68 0.57, 0.89 0.66 0.4, 0.98

≥35 0.35 0.11, 1.13 0.57 0.29, 1.12 0.94 0.68, 1.42 0.89 0.46, 1.71

P for trend 0.01 0.05 0.001 0.13

Waist circumferencec

Normal 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

Increased 1.26 0.85, 1.87 1.10 0.83, 1.45 1.04 0.86, 1.25 1.06 0.80, 1.42

Substantially increased 1.91 1.12, 3.23 1.34 1.91, 1.96 1.18 0.94, 1.53 1.18 0.78, 1.78

P for trend 0.03 0.11 0.17 0.43

WHRd

Normal 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

Moderate 1.09 0.78, 1.52 1.17 0.92, 1.50 0.99 0.83, 1.17 0.80 0.61, 1.05

High 0.89 0.62, 1.27 1.13 0.88, 1.44 1.13 0.96, 1.34 0.89 0.68, 1.17

P for trend 0.62 0.22 0.14 0.32

Quartile of WHtRe

1 1.00 Referent 1.00 Referent 1.00

2 1.55 0.89, 2.68 0.84 0.58, 1.23 1.03 0.81, 1.32 0.97 0.67, 1.40

3 2.01 1.12, 3.62 1.04 0.70, 1.53 1.02 0.78, 1.33 1.19 0.81, 1.76

4 2.91 1.41, 6.03 1.23 0.75, 2.00 1.27 0.92, 1.77 1.16 0.69, 1.95

P for trend 0.01 0.12 0.06 0.33

Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; WHR, waist-to-hip ratio; WHtR,

waist-to-height ratio.
a Calculated using Cox regression with age as the underlying time variable, stratification by center, age at

recruitment, sex, and smoking status, and adjustment for the duration of smoking, the lifetime number of cigarettes

smoked, the number of cigarettes smoked at baseline (all modeled with cubic spline functions), educational level,

physical activity level, fruit consumption, vegetable consumption, meat consumption, fat intake, energy intake, and

height. For waist circumference and WHtR, models were additionally adjusted for BMI.
b Weight (kg)/height (m)2.
c The cutoffs for normal, increased, and substantially increased were <94.0, 94.0–101.9, and ≥102.0 cm,

respectively, in men and <80 cm, 80 to <88 cm, and ≥88 cm, respectively, in women.
d The cutoffs for normal, moderate, and high were <0.950, 0.950–0.999, and >1.00, respectively, in men and

<0.800, 0.800–0.849, and >0.850, respectively, in women.
e The cutoffs for quartiles 1–4 were <0.500, 0.500–0.539, 0.540–0.579, and ≥0.580, respectively, for men and

<0.440, 0.440–0.479, 0.480–0.539, and ≥0.540, respectively, for women.
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fully adjusted model remained significant after exclusion of
those who were underweight (in men, P = 0.0003; in women,
P = 0.01). These associations differed by smoking status (P for
interaction trend test = 0.03) but were not modified by sex (P
for interaction trend test = 0.47) or country (P for interaction
trend test = 0.14).

After including BMI in the model, there was a positive,
statistically significant association of WC and WHtR with
lung cancer, but there was no association with hip circumfer-
ence (Table 1). Compared with subjects with similar BMIs
and normal waist circumferences, those with a substantially
higher WC (≥94 cm for men, ≥88 cm for women) had a haz-
ard ratio of 1.25 (95% confidence interval: 1.05, 1.50).

Statistically significant inverse associations of lung cancer
with BMI and positive associations of lung cancer with WC
and WHtR (after adjustment for BMI) were mainly seen in
smokers (Table 2). However, the latter associations for WC
and WHtR did not differ statistically significantly between
the different smoking groups. For never smokers, the confi-
dence intervals for the association between BMI and lung
cancer completely contained the confidence intervals of the
estimates for current smokers. In former smokers, there was
no association with BMI and the hazard ratios differed signif-
icantly from those in smokers, whereas there was a positive
association of lung cancer with WHR that was not seen in
the other smoking groups.

Analysis by histological type revealed that the inverse asso-
ciation for BMIwas strongest for adenocarcinoma (P < 0.0001)
and was absent for small-cell carcinoma. The associations
with the other histological types were of a strength similar

to that seen for all lung cancers, but they were no longer stat-
istically significant (Table 3). The trend tests for the positive
relationships with abdominal fat indicators (WC and WHtR
conditional on BMI and WHR) were all statistically signifi-
cant for squamous-cell carcinoma, although for WHR, this
was not reflected in the hazard ratios. The relationship be-
tween unclassified cases and WHtR (conditional on BMI)
also reached statistical significance.

The number of adenocarcinomas in never smokers was
large enough (n = 114) to justify analysis by smoking status.
For adenocarcinomas, no interaction between any of the mea-
sures and smoking status was observed. For BMI, the inverse
association with adenocarcinoma was significant in never
smokers (P = 0.01) and current smokers (P < 0.0001) and
borderline significant in former smokers (P = 0.07). The haz-
ard ratios in never smokers were 1.12 (95% confidence inter-
val: 0.15, 8.2) for subjects with a BMI <18.5, 0.81 (95%
confidence interval: 0.54, 1.22) for subjects with a BMI of
25.0–29.9, 0.44 (95% confidence interval: 0.21, 0.89) for
subjects with a BMI of 30.0–34.9, and 0.31 (95% confidence
interval: 0.07, 1.32) for subjects with a BMI ≥35.0.

The inverse association between BMI and the risk of lung
cancer was strongest in the first 3 years after baseline and de-
clined in strength with increasing length of follow-up (Table 4;
Figure 1). After exclusion of thosewhowere underweight, theP
values for trend for 0–2, 3–5, 6–10, or 11–17 years of follow-up
were 0.02, 0.07, 0.003, and 0.12, respectively. For BMI andWC
(after conditioning on BMI), the association was stronger in the
first 3 years of follow-up than in the later period (for follow-up
of <3 years, P = 0.007; for follow-up of ≥3 years, P = 0.02),
whereas it was borderline statistically significant in the first 3
years for WtHR (P = 0.05). The hazard ratios, however, re-
mained significant in the latter period, that is, whenwe excluded
the first 3 years of follow-up. Over the entire time period, the
interaction with time in follow-up as a continuous variable
was not statistically significant: The lowest interaction P value
was observed for BMI (P = 0.2).

We repeated all main analyses after excluding the anthro-
pometric data based on self-report corrected with a predictive
equation and case patients in whom the date of diagnosis was
also date of death (results not shown), which yielded virtually
the same results. When microscopically nonconfirmed cases
were excluded, only slightly different results were found,
most of which could be explained by the instability due to
the lower number of cases.

DISCUSSION

In the present large-scale prospective cohort study, we ob-
served an inverse association between lung cancer and BMI,
whereas positive associations were found between indicators
of abdominal fat (WHR (in women only) andWC andWHtR
adjusted for BMI). The statistically significant associations
were most consistently seen in current smokers, but for ade-
nocarcinoma, a statistically significant association was also
seen in never smokers. The associations diminished in strength
after the first 3 years of follow-up.

The inverse association that we found between BMI and
lung cancer risk is similar to findings in previous studies
(1, 3–5, 8). A first explanation for the inverse association
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Figure 1. Fitted restricted cubic spline (with knots at 1, 4, 7, 10, and
13 years) for hazard ratios per 1-unit change in bodymass index (mea-
sured as weight (kg)/height (m)2; excluding underweight subjects)
with time on follow-up, European Prospective Investigation of Cancer
and Nutrition, 1992–2010. Results in this plot are adjusted for study
center, age at recruitment, sex, smoking status (all as strata) and du-
ration of smoking, the lifetime number of cigarettes smoked, and the
number of cigarettes smoked at baseline (all modeled with cubic
spline functions). Squares indicate hazard ratios for separate 1-year
periods (last period: >13 year follow-up); dashed lines indicate 95%
confidence intervals.
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between BMI and lung cancer risk that was observed even
after detailed adjustment for smoking is that lung cancer
could already be present at baseline in a preclinical stage,
leading to weight loss before clinical diagnosis (6, 27, 30).
This is corroborated by our finding that the strength of the as-
sociation decreased after we excluded participants who were
diagnosed in the first 3 years of follow-up. An inverse asso-
ciation even after 10–14 years of follow-up was previously
reported in 3 studies (10, 16, 31), and stable risk estimates
during a follow-up of 19 years were reported in another (32).
Mathematical modeling suggests that tumor inception might
occur approximately 13–14 years before people die from lung
cancer (33), which suggests that preclinical disease is present
many years before diagnosis. Another possible explanation
for the weakening of the association is increasing misclassi-
fication, because some subjects’ BMIs change after baseline.
However, BMI ranking of subjects is relatively stable over
time (34) and thus cannot explain the strong changes in risks
seen in the first years of follow-up.
The question is whether the remaining long-term associa-

tion is real or due to residual confounding by smoking or un-
observed confounding. In the present study, adjustment for
smoking habits was done using detailed information on current
and past smoking and spline terms to make this adjustment as
accurate as possible. Nevertheless, there might still be residual
confounding of the analyses by smoking due to misclassifica-
tion of exposure. Renehan et al. (7) calculated that a correlation
of −0.1 between true BMI and true number of cigarettes
smoked would be enough to explain the inverse association
between BMI and lung cancer in the study of Smith et al. (8).
In our data, the correlations of measured BMI with reported
number of cigarettes smoked (lifetime or current) or duration
of smoking were between −0.035 and −0.05. Because of
measurement error, the correlations between the true entities
will be higher. This implies that our results could also be con-
siderably influenced by residual confounding.
Apart from misclassification of smoking at baseline, resid-

ual confounding could result from changes in smoking be-
havior after baseline. In a Danish study, Osler et al. (35)
observed higher rates of smoking cessation among those
with higher BMIs, which would lead to spuriously low haz-
ard ratios in high BMI categories. However, it takes time for
excess risk to decline after smoking cessation (36), so this
can only influence the hazard ratios in the later years of
follow-up. Although residual confounding by smoking thus
will play a role in the observed inverse association between
BMI and lung cancer, our finding that this association is
strongest for adenocarcinomas suggests it might not fully ex-
plain the association because of all histological types, adeno-
carcinoma has the weakest association with smoking (37),
and thus results for adenocarcinoma are less susceptible to re-
sidual confounding by smoking. In 2 recent case-control stud-
ies (38, 39), investigators also observed a stronger association
of BMI with adenocarcinoma than with squamous-cell carci-
noma, but in a cohort study (10), researchers observed the op-
posite. In a meta-analysis (which included that cohort study),
Yang et al. (3) also observed a stronger association of BMI
with squamous-cell carcinoma than with adenocarcinoma.
Furthermore, there are also some biological explanations
for an exclusive association in (former) smokers: Researchers

have found more oxidative DNA damage as estimated by 8-
hydroxydeoxyguanosine (40), by micronucleus frequency
(2), or by aromatic DNA adducts (41) in leaner persons who
smoke or are exposed to polycyclic aromatic hydrocarbons.
WHR in women, as well as WC and WHtR adjusted for

BMI, were positively associated with the risk of lung cancer
in our study. The finding that WC conditional on BMI is posi-
tively associated with lung cancer risk is consistent with find-
ings from previous studies (6, 9, 10) and studies of cancer in
general (42). Themechanismbehind thisfinding for lung cancer
is not clear. Having a higher WC than others with similar BMI
and height is associated with more abdominal and specifically
more visceral fat (43), in contrast to unadjustedWC, which cor-
relates mostly with total fat (44). However, because keeping
BMI and height constant implies keeping total mass constant,
an increase in abdominal fat must be accompanied by a decrease
in other parts of the body, like gluteofemoral fat or lean mass
(45). A decrease in lean mass could well be associated with pre-
clinical lung cancer, which could also explain our findings. Fur-
thermore, WC and WtHR conditional on BMI and WHR in
women were highest in smokers and lowest in never smokers
(Web Table 2), which suggests that residual confounding by
smoking might play a role. This is corroborated by our finding
that higher abdominal fat indicators weremost clearly associated
with squamous-cell carcinoma and least associated with adeno-
carcinoma, consistent with a role of residual confounding by
smoking, because small-cell and squamous-cell carcinomas
are more strongly associated with lung cancer than are adeno-
carcinomas (37). In addition, Olson et al. (10) observed the
strongest association between BMI and small-cell carcinoma,
followed by BMI and squamous-cell carcinoma, whereas—
like us—they did not observe a trend for adenocarcinoma.
The nonsignificant finding for WC and WHtR among

never smokers could be due to lack of power, as the interac-
tion with smoking was only statistically significant for WHR.
In a previous study in never smokers, Lam et al. (9) observed
a significant association between WC conditional on BMI
and lung cancer incidence, suggesting that the association
is not completely due to residual confounding by smoking.
Height was not associated with the risk of lung cancer

in the present study. This is consistent with previous work,
in which an association between height and lung cancer
was found in only 2 out of 9 studies in which the association
was assessed, and only in never smokers (6, 10, 15–21).
Strengths of our study are that we have detailed information

on potential confounders and that anthropometric factors were
mostly measured by trained professionals. To our knowledge,
this is the first time the relationship between WHtR and lung
cancer has been assessed. Important limitations are that the an-
thropometric factors and smoking were measured only at base-
line and might have changed during follow-up.
In conclusion, we found that a higher BMI was inversely

associated with the risk of lung cancer, whereas indicators
of abdominal fat, that is, WHR (in women only) and WC
and WHtR adjusted for BMI, were all positively associated
with risk of lung cancer. Given that the strength of these asso-
ciations declined with time in follow-up and that smokingmea-
surements include some error, the associations will be at least
partly due to weight loss caused by the presence of preclinical
lung cancer at baseline and residual confounding by smoking.
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