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Epidemiological studies have consistently shown that obesity is 
associated with an increased risk of many cancers, including 
thyroid, colon, renal, and endometrial cancers (1–3). Conversely, 
body mass index (BMI)—a surrogate indicator of obesity—has 
been inversely associated with the risk of incident and fatal lung 
cancers in many prospective investigations (4–17). Because nu-
merous cohort studies have found that this inverse association is 
observed only among ever or current smokers (4,7–9,12,14,16,17), 
the finding has been attributed to potential residual confounding 
by cigarette smoking. However, BMI has also been found to be 
unrelated with the risk of lung cancer irrespective of smoking 
status (18) or to be positively associated with risk among non-
smokers (8) or ever smokers (19).

Previous cohort studies have been limited in their ability to 
explore the relationship between BMI and lung cancer for a number 
of reasons. Some have only examined associations with lung cancer 
mortality (5,6,11,15,16,18). Others have not stratified the analyses 
by sex (17) or smoking status (15), potentially oversimplifying the 
relationship. Some studies have had small numbers of female current 
smokers (17,19), which precluded their ability to analyze associations 
within this important group. Furthermore, only two epidemiolog-
ical studies (12,13) have presented results stratified by histological 
subtype. The suggestion that different histological types of lung 
cancer may represent largely distinct diseases with divergent etiol-
ogies (20) supports the need to examine associations between BMI 
and individual histological subgroups.
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 Background Although obesity has been directly linked to the development of many cancers, many epidemiological studies 
have found that body mass index (BMI)—a surrogate marker of obesity—is inversely associated with the risk of 
lung cancer. These studies are difficult to interpret because of potential confounding by cigarette smoking, 
a major risk factor for lung cancer that is associated with lower BMI.

 Methods We prospectively examined the association between BMI and the risk of lung cancer among 448 732 men and 
women aged 50–71 years who were recruited during 1995–1996 for the National Institutes of Health–AARP Diet 
and Health Study. BMI was calculated based on the participant’s self-reported height and weight on the baseline 
questionnaire. We identified 9437 incident lung carcinomas (including 415 in never smokers) during a mean 
follow-up of 9.7 years through 2006. Multivariable Cox proportional hazards regression models were used to 
estimate hazard ratios (HRs) and 95% confidence intervals (CIs) with adjustment for lung cancer risk factors, 
including smoking status. To address potential bias due to preexisting undiagnosed disease, we excluded 
potentially unhealthy participants in sensitivity analyses. All statistical tests were two-sided.

 Results The crude incidence rate of lung cancer over the study follow-up period was 233 per 100 000 person-years 
among men and 192 per 100 000 person-years among women. BMI was inversely associated with the risk of 
lung cancer among both men and women (BMI ≥35 vs 22.5–24.99 kg/m2: HR = 0.81, 95% CI = 0.70 to 0.94 and 
HR = 0.73, 95% CI = 0.61 to 0.87, respectively). The inverse association was restricted to current and former 
smokers and was stronger after adjustment for smoking. Among smokers, the inverse association persisted 
even after finely stratifying on smoking status, time since quitting smoking, and number of cigarettes smoked 
per day. Sensitivity analyses did not support the possibility that the inverse association was due to prevalent 
undiagnosed disease.

 Conclusions Our results suggest that a higher BMI is associated with a reduced risk of lung cancer in current and former 
smokers. Our inability to attribute the inverse association between BMI and the risk of lung cancer to residual 
confounding by smoking or to bias suggests the need for considering other explanations.
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We attempted to clarify the relationship between BMI and 
incident lung cancer in the large prospective National Institutes of 
Health (NIH)–AARP Diet and Health Study. The large size of this 
cohort enabled us to evaluate detailed associations by sex and 
smoking status and to assess potential differences in associations 
according to histology.

Methods
Study Population
The NIH–AARP Diet and Health Study was established in 1995–
1996, when a questionnaire requesting information on demo-
graphic characteristics, dietary intake, and health-related behaviors 
was sent to 3.5 million members of AARP (formerly known as the 
American Association of Retired Persons). The study design has 
been described elsewhere in detail (21). Those initially contacted 
were AARP members 50–71 years old who resided in one of six US 
states (California, Florida, Louisiana, New Jersey, North Carolina, 
or Pennsylvania) or two metropolitan areas (Atlanta, Georgia or 
Detroit, Michigan). A total of 617 119 people (17.6%) returned the 
questionnaire. Excluded were individuals who had more than 10 
recording errors or indicated that they had consumed fewer than 
10 types of food items (n = 8127), skipped parts of the questionnaire 
(n = 27 552), indicated that they were not the intended respondent 
and did not complete the questionnaire (n = 13 442), did not indicate 
whether they were male or female (n = 6), were duplicate respon-
dents (n = 179), or had died (n = 261) or moved (n = 321) before 
their questionnaire was scanned, or subsequently withdrew from 
the study (n = 830). After these exclusions, the baseline study popu-
lation included 566 401 participants who were potentially eligible 
for this analysis. Address changes were tracked annually through 
the National Change of Address database (US Postal Service), the 
processing of undeliverable mail, and directly from information 
provided by participants. Vital status was determined using the 
Social Security Administration Death Master File, the National 
Death Index, cancer registry linkages, and mailing responses. The 
NIH–AARP Diet and Health Study was approved by the Special 
Studies Institutional Review Board of the US National Cancer 
Institute, and all participants gave informed consent by virtue of 
completing and returning the questionnaire.

Cancer Incidence
Incident cases of lung cancer were identified by probabilistic 
linkage to cancer registries in the eight states of the cohort, as 
well as two states to which subjects tended to move (Texas and 
Arizona). The states selected for inclusion in the NIH–AARP 
Study were chosen in part because their registries had been shown 
to validly identify at least 90%–95% of cancer cases (22). Dates of 
diagnosis and tumor characteristics were obtained from the regis-
tries. Histology was defined using the International Classification of 
Diseases for Oncology, third edition (23) codes, and all primary inci-
dent carcinomas of the bronchus and lung were considered for this 
analysis. Lung cancers included small cell carcinomas (International 
Classification of Diseases for Oncology [ICD-O] codes 8002, 8041, 
8042, 8043, 8044, 8045), adenocarcinomas (ICD-O codes 8140, 
8200, 8250, 8251, 8252, 8253, 8254, 8255, 8260, 8310, 8323, 8430, 
8480, 8481, 8490, 8550, 8574), squamous cell carcinomas (ICD-O 

codes 8050, 8052, 8070, 8071, 8072, 8073, 8074, 8075, 8083, 
8084), undifferentiated or large cell carcinomas (ICD-O codes 
8012, 8020, 8021, 8022, 8031, 8032), non–small cell carcinomas 
not otherwise specified (NOS) (ICD-O code 8046), and other car-
cinomas NOS (ICD-O codes 8010, 8011, 8030, 8033, 8123, 8560, 
8562, 8575). Summary stage at the initial diagnosis or treatment of 
the reportable carcinoma was classified as localized, regional, or 
distant according to the US National Cancer Institute’s Surveillance, 
Epidemiology, and End Results (SEER) Program guidelines.

Exposure Assessment
Study participants reported their current height and body weight 
at the time of the baseline questionnaire; we used this information 
to calculate the participant’s BMI using the formula weight in 
kilograms divided by height in meters squared (kg/m2). Categories 
for BMI were defined as less than 18.5, 18.5–22.49, 22.5–24.99, 
25–29.99, 30–34.99, and 35 kg/m2 or higher according to World 

CONTEXT AND CAVEATS

Prior knowledge
Many prospective investigations have reported that body mass 
index (BMI)—a surrogate indicator of obesity—is inversely associ-
ated with the risk of lung cancer. However, cigarette smoking is 
associated with lower BMI, thus confounding interpretation of the 
data.

Study design
A prospective cohort study examined the association between BMI 
and the risk of lung cancer among men and women aged 50–71 
years who were recruited during 1995–1996 for the National 
Institutes of Health–AARP Diet and Health Study. BMI was calcu-
lated from the participant’s self-reported height and weight on a 
baseline questionnaire. The questionnaire also captured informa-
tion on lung cancer risk factors, including smoking status, time 
since quitting smoking, and number of cigarettes smoked per day.

Contribution
BMI was inversely associated with the risk of lung cancer among 
both men and women. The inverse association was restricted to 
current and former smokers and persisted even after finely strati-
fying on smoking status, time since quitting smoking, and number 
of cigarettes smoked per day. Sensitivity analyses did not support 
the possibility that the inverse association was due to prevalent 
undiagnosed disease.

Implications
Inverse associations between BMI and the risk of lung cancer 
among current and former smokers cannot be fully explained by 
residual confounding by smoking or reverse causality. This finding 
suggests the need to consider alternative explanations for the 
inverse association between BMI and risk of lung cancer among 
smokers.

Limitations
Data on smoking habits, BMI, and health conditions were based on 
a single questionnaire. Smoking duration was not collected at 
baseline. Results may not be generalizable to the general US 
population.

From the Editors
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Health Organization classifications (24) as a guide because of their 
presumed clinical relevance. A BMI less than 18.5 kg/m2 was con-
sidered underweight, 18.5–24.99 kg/m2 was considered normal 
weight, 25–29.99 kg/m2 was considered overweight, and 30 kg/m2 
or higher was considered obese. In analyses stratified by detailed 
smoking information, we excluded underweight individuals and 
combined subjects in the two highest categories of BMI due to 
small case numbers within these strata.

Study participants were also asked to provide information on 
demographic characteristics (eg, race or ethnicity and level of 
education), dietary characteristics (eg, usual alcohol intake over the 
previous 12 months), and medical history (eg, history of heart 
disease and emphysema). Participants were also asked how often 
they participated in a period of vigorous physical activity at work 
or home, defined as one of at least 20 minutes in the past 12 months 
that caused an increase in breathing or heart rate, or worked up a 
sweat. On the questionnaire, participants were asked if they had 
ever smoked 100 cigarettes during their lifetime. If so, they were 
asked whether they currently smoked, and, if not, when they 
stopped. Smokers (current and former) were also asked how many 
cigarettes per day they usually smoked. In addition, all participants 
were asked if they had ever smoked pipes, cigars, or both.

Analytic Population
For this analysis, we excluded 15 760 participants whose question-
naire was completed by proxy. In addition, we excluded 27 923 
men and 24 311 women who self-reported or were diagnosed with 
any cancer other than non-melanoma skin cancer before baseline; 
10 men and 11 women who died or were diagnosed with lung 
cancer on the first day of follow-up; 16 453 men and 15 347 women 
who were missing information on tobacco smoking (either ciga-
rette or pipe and cigar smoking); 2219 men and 1540 women who 
had extreme values for caloric intake (defined as more than two 
interquartile ranges above the 75th percentile or below the 25th 
percentile of log-transformed intake); 4927 men and 5558 women 
who were missing information on BMI; and 2404 men and 1206 
women who had extreme values for BMI (ie, more than two inter-
quartile ranges above the 75th percentile or below the 25th per-
centile). The final analytic population, therefore, included 271 238 
men and 177 494 women. Study entry and follow-up began on the 
date that the baseline questionnaire was scanned and continued 
until December 31, 2006, or the date on which the participant was 
diagnosed with lung cancer, moved out of the registry area, or died 
of any cause, whichever occurred first. During follow-up, 6093 
men and 3344 women were diagnosed with lung carcinoma.

Statistical Analysis
We used Cox proportional hazards regression as implemented in 
SAS 9.1.3 software (SAS Institute Inc, Cary, NC), with age as the 
time scale and ties handled by complete enumeration (25), to esti-
mate the hazard ratios (HRs) and 95% confidence intervals (CIs) 
of developing lung cancer. We originally tested for confounding 
by using myriad possible risk factors but eventually chose a parsi-
monious combination of factors that were associated with BMI and 
lung cancer and contributed statistically significantly to the multi-
variable model. We first examined risk estimates adjusted for 
age at study entry (continuous). Our multivariable models then 

controlled for detailed smoking information using response cate-
gories provided on the baseline questionnaire, including smoking 
status (never, former, or current smoker), time since smoking ces-
sation among former smokers (1–4, 5–9, or ≥10 years), number of 
cigarettes smoked per day among former and current smokers (1–
10, 11–20, 21–30, 31–40, 41–60, or ≥61 cigarettes per day), and 
pipe or cigar smoking (no, yes). Our final multivariable models also 
included race or ethnicity (initially categorized as white, black, 
Hispanic, Asian or Pacific Islander or American Indian or native 
Alaskan, or unknown; these categories were collapsed to white, 
nonwhite, or unknown for analyses stratified by smoking status), 
education level (college graduate: no, yes, or unknown), history of 
emphysema (no, yes), vigorous physical activity (<3 times per week, 
≥3 times per week, or unknown), and usual alcohol intake during 
the previous 12 months (nondrinker, ≤5, >5–10, >10–20, >20–35, 
or >35 g/d). The cut points for alcohol intake were based on the 
distribution of consumption in the cohort, and the cut point for 
physical activity was based on American College of Sports Medicine’s 
physical activity guidelines (26), which recommend at least 20 
minutes of continuous vigorous exercise three times per week as a 
means of improving cardiorespiratory fitness. In analyses stratified 
by smoking status, never smokers were defined as participants who 
reported that they had never smoked any tobacco products; men 
and women who had never smoked cigarettes but had smoked 
pipes or cigars were excluded. Participants who reported on the 
baseline questionnaire that they had quit smoking within the last 
year were classified as current smokers. Adjustment for additional 
potential confounding factors, such as marital status; frequency of 
physical activity as a teenager; history of heart, colon, kidney, or 
gallbladder disease; fruit, vegetable, meat, and total caloric intakes; 
and, among women, type of and age at menopause and use of men-
opausal hormone therapy had minimal effects on the results, and, 
thus, those results are not presented. Models were stratified by sex, 
smoking status, time since quitting smoking (using the cut points 
described above), and number of cigarettes smoked per day using 
cut points selected to maintain adequate numbers in each stratum 
(≤20 cigarettes per day, >20 cigarettes per day—ie, ≤1 pack of cig-
arettes per day, >1 pack per day).

To address potential bias due to prevalent undiagnosed disease, 
we conducted a series of analyses in which we progressively  
restricted the analytic population by first excluding men and 
women who reported having poor or fair health or emphysema on 
the baseline questionnaire, followed by exclusion of participants 
who were diagnosed with lung cancer within 7 years of entry into 
the cohort. The 7-year cutoff was a more conservative cut point  
(ie, ensuring to the best of our ability that we excluded anyone 
with prevalent disease at baseline) while still having a sufficient 
number of lung cancer cases within each BMI stratum. In addition, 
we examined whether the association between BMI and lung cancer 
incidence differed by histological subtype (ie, small cell carcinoma, 
adenocarcinoma, or squamous cell carcinoma), follow-up time (ie, 
excluding the first 4 years and first 7 years of follow-up), and stage 
at diagnosis. To test the proportional hazards assumption, we gen-
erated time-dependent covariates by including an interaction term 
for BMI and the natural log of age (the time metric); P values were 
greater than .05, consistent with the assumption of proportional haz-
ards. Tests for linear trend across categories of BMI were estimated 
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from the Wald test. Probability values less than .05 were consid-
ered statistically significant. All tests of statistical significance were 
two-tailed.

Results
The analytic sample consisted of 271 238 men, who contributed 
2 610 585 person-years during an average follow-up of 9.6 years 
(average follow-up was 5.6 years among case subjects and 9.7 years 
among non–case subjects) and 177 494 women who contributed 
1 745 327 person-years over an average follow-up of 9.8 years 
(average follow-up was 5.7 years among case subjects and 9.9 years 
among non–case subjects). The median age at baseline was 62.7 
years (range = 50.3–71.5 years) for men and 62.2 years (range = 
50.3–71.5 years) for women.

Among the men, the median BMI was 26.6 kg/m2 (range = 
16.9–42.6 kg/m2). Nearly half of the men (49.7%) had a BMI that 
placed them in the overweight category, and another one-fifth 
were considered obese (16.6% had a BMI of 30–34.99 kg/m2; 4.2% 
had a BMI ≥35 kg/m2). Approximately 30% of the men (29.1%) 
had a BMI that corresponded to normal weight, and 0.4% of the 
men were categorized as underweight. Among the women, the 
median BMI was 25.8 kg/m2 (range = 13.7–49.3 kg/m2). Most of 
the women (43.1%) were considered to be of normal weight, 
nearly one-third (32.7%) were overweight but not obese. Slightly 
more than one-fifth of the women were obese (14.7% had a BMI 
of 30–34.99 kg/m2; 8.1% had a BMI ≥35 kg/m2), and very few 
(1.3%) were classified as underweight.

Obese individuals tended, on average, to be younger compared 
with those with a BMI of 22.5–24.99 kg/m2 (Table 1). They were 
also more likely to be black, less likely to be a college graduate, less 
physically active, less likely to drink more than 5 g of alcohol per 
day, and less likely to currently smoke cigarettes but more likely 
to smoke cigars or pipes. In general, underweight individuals 
exhibited distributions of baseline characteristics similar to those 
of normal weight individuals, with a few notable exceptions:  
underweight individuals were more likely to have a history of 
emphysema and were less physically active compared with those 
with a BMI of 22.5–24.99 kg/m2.

Seventy percent of men and 56% of women reported having 
ever smoked. Among both men and women, former smokers 
were the heaviest group (the mean BMI was 27.5 kg/m2 among 
men and 27.1 kg/m2 among women), followed by never smokers 
(the mean BMI was 26.7 kg/m2 among men and 26.9 kg/m2 
among women); current smokers were the leanest (the mean 
BMI was 26.5 kg/m2 among men and 25.5 kg/m2 among women). 
In addition, among former smokers, those who smoked more 
than 20 cigarettes per day were, on average, slightly heavier 
than nonsmokers (the mean BMI for former smokers of >20 
cigarettes per day was 28.0 kg/m2 among men and 27.8 kg/m2 
among women).

As of December 31, 2006, a total of 6093 men and 3344 women 
had been diagnosed with lung carcinoma, including 166 and 249 
diagnoses, respectively, among never smokers. The crude inci-
dence rate of lung cancer over the study follow-up period was 233 
per 100 000 person-years among men and 192 per 100 000 person-
years among women. Among the men who had been diagnosed, 

37.8% of the carcinomas were adenocarcinomas, 22.3% were 
squamous cell, 14.0% were small cell, 11.8% were non–small cell 
NOS, 8.6% were other types of carcinomas NOS, and 5.5% were 
large cell carcinomas. Among the women who had been diagnosed, 
43.2% of carcinomas were adenocarcinomas, 16.5% were small 
cell, 14.4% were squamous cell, 11.9% were non–small cell NOS, 
8.9% were other types NOS, and 5.1% were large cell carcinomas. 
Among the men, 11.9% of the lung carcinomas were local stage at 
diagnosis, 17.1% were regional stage, 30.0% were distant stage, 
and 42.0% were missing stage at diagnosis. Among the women, 
14.1% of the lung carcinomas were local stage at diagnosis, 17.6% 
were regional stage, 26.4% were distant stage, and 41.9% were 
missing stage information.

As shown in Table 2, cigarette smoking was a critical adjust-
ment factor when assessing the association between BMI and the 
risk of lung cancer, such that inverse associations became stronger 
after adjustment for smoking, whereas additional adjustment for 
other lung cancer risk factors had minimal effects on the hazard 
ratios. Among men, BMI was statistically significantly and in-
versely associated with the risk of lung cancer in the fully adjusted 
multivariable model (HR for BMI ≥35 vs 22.5–24.99 kg/m2 = 0.81, 
95% CI = 0.70 to 0.94). Among women, the inverse association 
was somewhat stronger (HR for BMI ≥35 vs 22.5–24.99 kg/m2 = 
0.73, 95% CI = 0.61 to 0.87).

We also examined the association between BMI and the risk of 
lung cancer among groups stratified by smoking status. Among 
current smokers, compared with individuals with a BMI of 22.5–
24.99 kg/m2, those with a BMI of 35 kg/m2 or higher had a reduced 
risk of lung cancer in the fully adjusted model (men: HR = 0.76, 
95% CI = 0.58 to 0.98; women: HR = 0.63, 95% CI = 0.48 to 0.84). 
Among former smokers, the inverse association between BMI and 
the risk of lung cancer was slightly attenuated (BMI ≥35 vs 22.5–
24.99 kg/m2, men: HR = 0.84, 95% CI = 0.70 to 1.01; women: HR = 
0.78, 95% CI = 0.62 to 0.99). For both former and current 
smokers, the inverse trend between BMI and risk of lung cancer 
was observed regardless of whether the multivariable model was 
adjusted for smoking related covariates only or for all covariates. 
However, among never smokers, we observed no association 
between BMI and the risk of lung cancer in either age-adjusted or 
multivariable-adjusted models. For never smokers, the multivari-
able hazard ratios for men and women who had a BMI of 35 kg/m2 
or higher compared with those with a BMI of 22.5–24.99 kg/m2 
were 1.04 (95% CI = 0.41 to 2.67) and 1.00 (95% CI = 0.58 to 
1.74), respectively, and the P values for trend were .44 and .85, 
respectively.

To test for any potential residual confounding effects of 
smoking, we examined the association between BMI and the risk 
of lung cancer in models stratified by smoking status, the amount 
of time since quitting smoking (for former smokers), and the 
number of cigarettes smoked per day (Table 3). Among smokers, 
higher BMI tended to be associated with reduced risk of lung can-
cer within all smoking strata, with the exception of men who quit 
smoking 20 cigarettes or fewer per day 10 or more years ago, 
and women who quit smoking more than 20 cigarettes per day 
5–9 years ago.

The inverse association between BMI and the risk of lung 
cancer was apparent even after we excluded potentially unhealthy 
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participants from the analysis (Table 4). Among healthy men who 
were not diagnosed with lung cancer during the first 7 years of 
follow-up, compared with those who had a BMI of 22.5–24.99 kg/
m2, those with a BMI of 30–34.99 kg/m2 had a 9% reduced risk of 
developing lung cancer (HR = 0.91, 95% CI = 0.78 to 1.07); among 
all men, there was a 13% reduced risk (HR = 0.87, 95% CI = 0.80 
to 0.95). Among healthy women who were not diagnosed with 
lung cancer during the first 7 years of follow-up, compared with 
those who had a BMI of 22.5–24.99 kg/m2, those with a BMI of 
30–34.99 kg/m2 had a 16% reduced risk of developing lung cancer 
(HR = 0.84, 95% CI = 0.67 to 1.05); among all women, there was 
a 15% reduced risk (HR = 0.85, 95% CI = 0.75 to 0.96). Null 
findings among never smokers and inverse trends among former 
and current smokers after these exclusions were similar to those 
observed among all participants.

When we stratified the analysis by histological subtype, the 
reduction in risk was restricted to adenocarcinomas in men (HR 
for BMI ≥35 vs 22.5–24.99 kg/m2 = 0.73, 95% CI = 0.58 to 0.93; 
Ptrend < .001) and women (HR for BMI ≥35 vs 22.5–24.99 kg/m2 = 
0.66, 95% CI = 0.50 to 0.86; Ptrend < .001) and squamous cell carci-
nomas in women (HR for BMI ≥35 vs 22.5–24.99 kg/m2 = 0.68, 
95% CI = 0.43 to 1.06; Ptrend = .005) (Table 5). Results for adeno-
carcinomas stratified by smoking status resembled those for all 
carcinomas: there was no association between BMI and the risk of 
lung cancer in never smokers, but an inverse association among 
former and current smokers (Supplementary Table 1, available 
online).

A higher BMI was associated with a reduced risk of lung cancer 
throughout all periods of follow-up (Supplementary Table 2, avail-
able online) and for all stages of disease (Supplementary Table 3, 
available online). Hazard ratios did not differ substantially in 
analyses stratified by follow-up time, or according to whether 
the tumors were at local, regional, or distant stage at diagnosis 
(Supplementary Tables 2 and 3, available online).

Discussion
In the largest prospective investigation to comprehensively exam-
ine the association between BMI and the risk of lung cancer, we 
found strong inverse associations among both men and women. 
Because of the large numbers of lung cancers and never smokers, 
we were able to stratify the analysis by smoking status and found 
that the inverse association was restricted to former and current 
smokers, with no association seen among never smokers. Given 
that smokers were, on average, leaner than nonsmokers, we 
initially hypothesized that the inverse association observed in this 
study was due to residual confounding by smoking. However, our 
analyses that attempted to assess the role of confounding by 
smoking showed that heavier people were at reduced risk of lung 
cancer, even in models that were finely stratified by smoking 
status, time since quitting smoking, and number of cigarettes 
smoked per day. This finding suggests the need to consider alter-
native explanations for the inverse association between BMI and 
risk of lung cancer.

Our findings of an overall inverse trend for BMI and lung can-
cer risk are consistent with results from eight (4,7,9,10,12–14,17) 
of 10 (4,7–10,12–14,17,19) previous cohort studies (summarized in 

Supplementary Tables 4 and 5, available online). Similarly, three 
previous cohorts of women (7,8,13) and two of men (9,10) have 
observed an inverse association between BMI and risk of lung 
cancer in smokers. In previous studies, it has been difficult to assess 
differences by sex because only three cohorts have included both 
men and women (4,17,19). Our results show slightly stronger 
inverse associations between BMI and risk of lung cancer for 
women compared with men, particularly among current smokers 
(HRs for BMI ≥35 vs 22.5–24.99 kg/m2, 0.63 vs 0.76, respectively). 
By contrast, in the Agricultural Health Study (4), which included 
both men and women, BMI was statistically significantly inversely 
associated with the risk of lung cancer only among male smokers. 
In a study from Singapore (17), BMI was inversely associated with 
the risk of lung cancer only among current smokers, and the 
analyses were not stratified by sex. In the third study that included 
men and women (19), a positive association between BMI and the 
risk of lung cancer was apparent among male smokers; in this 
Korean cohort, only 6% of women had ever smoked (compared 
with 56% in our study population), and the association between 
BMI and the risk of lung cancer among female smokers was not 
reported. Other potential reasons for the varying results for BMI 
associations by smoking and sex across studies include the small 
numbers of cases, incomplete adjustment for smoking, inaccurate 
reporting of BMI and covariates, and population differences, 
including variations in the predisposition to develop different his-
tological types of lung cancer or in the prevalence of obesity. For 
example, in the two Asian studies (17,19), less than 3% of partici-
pants would have been considered obese as defined in this study.

In this study, the inverse association between BMI and the risk 
of lung cancer was restricted to smokers; we observed no associa-
tion among never smokers (in whom 415 cases of lung carcinoma 
developed). Similar results have been seen in five previous cohort 
studies that included from 51 to 287 never smokers who developed 
lung cancer (4,7,12,14,17). By contrast, two studies (10,13) 
reported an inverse association between BMI and the risk of lung 
cancer among never smokers. Among never smokers in the Iowa 
Women’s Health Study (13), in whom 76 cases of lung cancer 
developed, those in the upper quintile of BMI had a 56% lower 
risk of developing lung cancer compared with those in the lowest 
quintile (relative risk = 0.44, 95% CI = 0.21 to 0.95). In a cohort of 
Finnish men in which 10 lung cancers developed among the never 
smokers, the inverse association was most obvious among never 
smokers, although the very small numbers of cancers make such 
stratifications difficult to interpret (10).

The vast majority of lung cancers occur among smokers, and 
the inverse associations we observed between BMI and the risk of 
lung cancer among both current and former smokers were rela-
tively strong. In fact, in multivariable analyses, we observed that 
the risk estimates for the inverse association were stronger after 
adjustment for smoking. Furthermore, the inverse associations 
persisted across all but two strata defined by smoking status, time 
since smoking cessation and number of cigarettes smoked per day. 
Although we were unable to adjust for age at initiation of smoking 
because this information was not collected on the baseline ques-
tionnaire, it seems unlikely that this variable would explain the 
inverse association between BMI and risk of lung cancer among 
smokers, given the consistent results across all other smoking 
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strata. We were thus prompted to consider explanations other than 
confounding for the inverse association between BMI and the risk 
of lung cancer among smokers. We thought that an examination of 
risks related to histology might bring some clarity to the inverse 
association between BMI and risk of lung cancer because some 
histological types are thought to be more strongly influenced by 
smoking; however, we continued to observe an inverse association 
between BMI and the risk of adenocarcinoma, the largest sub-
group in this analysis and the histological type thought to be least 
influenced by smoking (27). Inverse associations for adenocarci-
nomas were also observed in two previous studies (12,13). We also 
observed a statistically significant inverse trend for BMI and the 
risk of squamous cell carcinoma among women, as did the Iowa  
Women’s Health Study (13).

Another explanation for the observed inverse association between 
BMI and the risk of lung cancer is that undiagnosed lung carcinoma 
at study entry may have caused subjects to lose weight. Although we 
did not collect information on recent weight changes, we did attempt 
to assess this potential bias in several ways. We sequentially restricted 
the population to include only the healthiest participants at baseline 
by excluding men and women with emphysema, those who reported 
poor or fair health at baseline, and those with less than 7 years of 
follow-up. These exclusions did not substantially change our findings 
among smokers, consistent with results of another study that used 
similar approaches (6). We also assessed the association between BMI 
and the risk of lung cancer with respect to disease stages at diagnosis 
and failed to observe distinctive relationships.

Our analyses were limited by the single baseline measures of 
BMI and smoking; it is possible that changes in weight and 
smoking status over the course of the follow-up period may have 
influenced our findings. We therefore stratified our results by 

follow-up time to examine whether the inverse trend would be 
present after the first few years of follow-up. Results in men were 
not materially changed, whereas the inverse association among 
women was somewhat strengthened, signifying that the apparent 
relationship was not due to effects of weight loss related to undiag-
nosed disease or other potential changes in exposure status, a finding 
consistent with a number of other studies (7–10,13,14,17,19).

Thus, although we considered extensive alternative explana-
tions for the inverse association between BMI and risk of lung 
cancer among smokers, we could not definitively determine an 
explanation, including the idea that the association reflected 
residual confounding by cigarette smoking. Given previous studies 
that have shown differences in lung cancer risk factors between 
never and ever smokers (28), it is possible that there could be a 
beneficial interaction with BMI among smokers. Studies that have 
shown increased risks of lung cancer associated with either an early 
age at natural menopause or bilateral oophorectomy (29–33) and 
reduced risks of lung cancer associated with use of menopausal 
hormones (34–36) have led to speculations that estrogens may 
exert beneficial effects. Given that obesity is well recognized as 
being strongly correlated with increases in endogenous levels of 
estrogens (37,38), it is not entirely inconceivable that estrogens 
could be involved in the inverse association between BMI and the 
risk of lung cancer among smokers. This biological mechanism would 
also be consistent with our finding that BMI appears to be more 
strongly associated with reductions in lung cancer risk among women 
compared with men. It has also been hypothesized that estrogens may 
have a higher affinity than carcinogenic aromatic hydrocarbons in 
cigarette smoke to bind to estrogen receptors (35), which have been 
shown to be abundant in normal and cancerous lung tissue (39). 
Furthermore, several studies have observed inverse associations 

Table 5. Association between body mass index (BMI) and risk of lung cancer by histological subtype, NIH–AARP Diet and Health Study*

BMI, kg/m2

Men

Small cell carcinoma Adenocarcinoma Squamous cell carcinoma

No. of cancers HR (95% CI) No. of cancers HR (95% CI) No. of cancers HR (95% CI)

<18.5 7 1.38 (0.65 to 2.94) 12 1.06 (0.60 to 1.89) 7 0.89 (0.42 to 1.88)
18.5–22.49 79 0.88 (0.68 to 1.15) 242 1.19 (1.02 to 1.39) 143 1.08 (0.88 to 1.32)
22.5–24.99 191 1.00 (referent) 495 1.00 (referent) 285 1.00 (referent)
25–29.99 406 0.94 (0.79 to 1.11) 1132 0.92 (0.83 to 1.03) 634 0.95 (0.83 to 1.09)
30–34.99 136 0.93 (0.74 to 1.16) 341 0.79 (0.68 to 0.91) 234 1.01 (0.85 to 1.21)
≥35 35 0.98 (0.68 to 1.41) 79 0.73 (0.58 to 0.93) 56 0.97 (0.73 to 1.30)
Ptrend†  .98  <.001  .49

BMI, kg/m2

Women

Small cell carcinoma Adenocarcinoma Squamous cell carcinoma

No. of cancers HR (95% CI) No. of cancers HR (95% CI) No. of cancers HR (95% CI)

<18.5 7 0.61 (0.28 to 1.30) 40 1.57 (1.13 to 2.19) 10 0.99 (0.52 to 1.89)
18.5–22.49 122 1.04 (0.80 to 1.34) 375 1.22 (1.05 to 1.41) 124 1.13 (0.88 to 1.46)
22.5–24.99 117 1.00 (referent) 327 1.00 (referent) 114 1.00 (referent)
25–29.99 196 1.22 (0.97 to 1.54) 471 1.02 (0.88 to 1.17) 155 0.94 (0.73 to 1.19)
30–34.99 78 1.22 (0.91 to 1.64) 166 0.85 (0.70 to 1.03) 55 0.77 (0.56 to 1.07)
≥35 32 1.05 (0.71 to 1.57) 65 0.66 (0.50 to 0.86) 24 0.68 (0.43 to 1.06)
Ptrend†  .21  <.001  .005

* HRs and 95% CIs adjusted for age at study entry, detailed smoking status and dose, cigar or pipe smoking, race/ethnicity, education level, history of emphysema, 
physical activity, and alcohol intake. CI = confidence interval; HR = hazard ratio; NIH = National Institutes of Health.

† P values for trend (two-sided) from the Wald test exclude participants with BMI < 18.5 kg/m2.
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between BMI and circulating levels of DNA adducts (40–42), a mech-
anism by which smoking is believed to initiate lung cancer (43).

Limitations of this study include the lack of follow-up data on 
smoking habits and health conditions. Smoking information at 
baseline did not include depth of inhalation, cigarette content, or 
age at initiation of smoking, which prevented us from calculating 
smoking duration and number of pack-years of smoking. Future 
cohort studies would be strengthened by updating smoking status 
and BMI exposure data over time. In addition, BMI reflects lean 
muscle and fat mass, and our study could not distinguish between 
the two. BMI was also calculated using self-reported height and 
weight. Previous studies have noted that although self-reported 
weight tends to be underestimated and self-reported height tends 
to be overestimated, the measures are highly correlated to the true 
value (44,45). Baseline BMI among our cohort participants was 
comparable to national averages (21); however, cohort participants 
were predominantly non-Hispanic white, more educated, and less 
likely to currently smoke compared with the general US popula-
tion (21), potentially limiting the generalizability of these findings 
to other subpopulations. Finally, the limited sample size of never 
smokers may have produced unstable estimates in sensitivity 
analyses that excluded or restricted large numbers of individuals.

This study had a number of strengths, most notably its size, with 
nearly half a million participants and 10 000 cases of lung cancer. In 
addition, to our knowledge, this study included more lung cancers, 
in both men and women, than any other study that assessed the 
association between BMI and lung cancer incidence in a Western 
population, allowing us to comprehensively examine possible 
confounding and other biases. In this study, we were also able to 
examine whether associations differed by histological subtype.

In summary, we found an inverse association between BMI and 
the risk of lung cancer, which was restricted to smokers. Although 
we attempted to explain this association on the basis of residual 
confounding by cigarette smoking, we were unable to expressly 
demonstrate such confounding. We were also unable to identify 
any sources of bias that could explain the association. Although it 
is still possible that the association between BMI and the risk of 
lung cancer is an artifact, the possibility of a distinct relationship 
between BMI and lung cancer among smokers should be consid-
ered. Future efforts to determine correlates of obesity that are 
associated with the risk of lung cancer could therefore be 
informative.
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