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Investigators in several epidemiologic studies have observed an inverse association between body mass index
(BMI) and lung cancer risk, while others have not. The authors used data from the Women’s Health Initiative to
study the association of anthropometric factors with lung cancer risk. Over 8 years of follow-up (1998-2006), 1,365
incident lung cancer cases were ascertained among 161,809 women. Cox proportional hazards models were used
to estimate hazard ratios adjusted for covariates. Baseline BMI was inversely associated with lung cancer in
current smokers (highest quintile vs. lowest: hazard ratio (HR) = 0.62, 95% confidence interval (Cl): 0.42, 0.92).
When BMI and waist circumference were mutually adjusted, BMI was inversely associated with lung cancer risk in
both current smokers and former smokers (HR = 0.40 (95% CI: 0.22, 0.72) and HR = 0.61 (95% CI: 0.40, 0.94),
respectively), and waist circumference was positively associated with risk (HR = 1.56 (95% CI: 0.91, 2.69) and
HR = 1.50 (95% CI: 0.98, 2.31), respectively). In never smokers, height showed a borderline positive association
with lung cancer. These findings suggest that in smokers, BMl is inversely associated with lung cancer risk and that
waist circumference is positively associated with risk.

adiposity; body mass index; body weight changes; health status; lung neoplasms; smoking; waist-hip ratio

Abbreviations: BMI, body mass index; Cl, confidence interval; HR, hazard ratio; WHI, Women’s Health Initiative.

Obesity is associated with increased total mortality as
well as with mortality from coronary heart disease, diabetes,
and certain cancers; however, the health consequences of
different degrees of body mass index (BMI) are currently
being vigorously debated (1, 2). Lung cancer is one outcome
for which the role of BMI requires clarification. Investiga-
tors in a number of epidemiologic studies, but not all, have
observed an inverse association between BMI and lung can-
cer risk (3-21). Some of these researchers have presented
data only on all subjects combined, whereas others have
presented results stratified by smoking status. Among those
who presented results stratified by smoking status, investi-
gators in three studies reported inverse associations in cur-
rent smokers, former smokers, and never smokers (8, 14,

18), whereas in two other studies the associations differed
by smoking status (7, 19). Evidence for an inverse associa-
tion is more consistent in ever smokers than in never smok-
ers (15, 19, 20).

Assessment of an association of BMI with lung cancer is
difficult due to complex interrelations between smoking
habits and body weight over time. There is justified concern
that such an association may due to uncontrolled confound-
ing by smoking, unmeasured effects of smoking on BMI, or
preclinical weight loss among persons who later develop
lung cancer. Few investigators have had information on
measures of central adiposity or weight at multiple time
points throughout adulthood, which might help to clarify
the significance of the association.
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In order to assess the association between BMI and lung
cancer risk in a more comprehensive fashion, we used data
from the Women’s Health Initiative (WHI). In the WHI,
weight, height, and waist and hip circumferences were mea-
sured at baseline, and information was collected on (self-
reported) weight during different periods of life, as well as
on weight loss, smoking habits, and other potentially con-
founding variables. Thus, the WHI provided us with an un-
usual opportunity to examine a variety of anthropometric
variables in relation to lung cancer risk.

MATERIALS AND METHODS

The WHI is a large, multifaceted study designed to ad-
vance understanding of the determinants of major chronic
diseases in women. It is composed of a clinical trial com-
ponent and an observational study component (22). The
WHI Clinical Trial included several randomized controlled
clinical trials designed to test the effects of a low-fat dietary
pattern, calcium plus vitamin D supplementation, and ad-
ministration of postmenopausal estrogen alone or estrogen
plus progestin on the risks of coronary heart disease, breast
cancer, colorectal cancer, and fractures. The WHI Observa-
tional Study was designed to obtain detailed information on
a full range of lifestyle factors and medical history from
a sample of postmenopausal women for comparison with
the Clinical Trial results. Between 1993 and 1998, women
between the ages of 50 and 79 years representing major
racial/ethnic groups were recruited from the general popu-
lation at 40 clinical centers throughout the United States.
Details on the study design and the reliability of the baseline
measures have been published previously (23, 24).

Data collection

At baseline, information was collected on demographic
factors, medical, reproductive, and family histories, and di-
etary and lifestyle factors. Clinical outcomes (including
cancer diagnosis) were updated annually (in the Observa-
tional Study) or semiannually (in the Clinical Trial) by
mailed or telephone-administered questionnaires. Self-
reported lung cancers were verified by local review of pa-
thology reports (25). Since lung cancer was not a primary or
secondary outcome in the WHI Clinical Trial, stage and
lung cancer histology were not recorded. As of December
18, 2006, a total of 1,365 incident lung cancer cases had
been diagnosed among 161,809 women enrolled in the Clin-
ical Trial or the Observational Study after an average follow-
up period of 7.8 years.

All study participants had their weight, height, and waist
and hip circumferences measured at baseline. In addition,
Observational Study participants provided information on
weight and height during earlier periods of life (at ages
18, 35, and 50 years), maximum and minimum weight,
and weight loss during different periods of life. BMI was
computed as measured weight (kg) divided by the square of
measured height (cm)”. Information on smoking habits col-
lected at baseline included whether the subject had ever
smoked (at least 100 cigarettes) and, for those who had ever
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TABLE 1. Pearson correlations between anthropometric
variables in the Women’s Health Initiative, 1998-2006*

Body mass Waist:hip
indext ratio

Waist:hip ratio 0.34

Waist circumference 0.83 0.67
Height —0.08 —0.05
Weight 0.93 0.31
Weight at age 18 years} 0.29 0.07
Weight at age 35 years} 0.53 0.19
Weight at age 50 years$ 0.71 0.26

* All correlations were significant at the p < 0.0001 level.

T Measured weight (kg) divided by the square of measured height
(cm).

 Self-reported information on weight at these ages was available
only in the Observational Study; other variables were based on
measurements taken at baseline in the total population.

smoked, age at starting to smoke regularly (nine categories),
current smoking (yes/no), age at quitting (former smokers—
11 categories), whether the smoker had quit for health rea-
sons, number of cigarettes smoked per day (both current and
former smokers—seven categories), and number of years of
smoking (seven categories).

After exclusion of participants for whom measured
weight or height at baseline was missing (n = 1,428) or
who were missing information on lung cancer as an outcome
(n = 722), a total of 159,659 women enrolled in either the
Clinical Trial or the Observational Study were available for
analysis (1,353 cases and 158,306 noncases).

Statistical analysis

Pack-years of cigarette smoking were computed by mul-
tiplying the midpoint of the smoking frequency interval by
the midpoint of the duration interval and dividing the prod-
uct by 20. Quintiles of anthropometric measures were based
on the population of noncases.

Correlations among different anthropometric variables were
assessed using Pearson correlation coefficients (table 1). Be-
cause of the strong correlation between BMI and waist cir-
cumference, two approaches were used to obtain estimates
of the effect of each variable adjusted for the other. First,
both variables were included in the models. Second, we used
the residuals method (26) to obtain BMI adjusted for waist
circumference and waist circumference adjusted for BMI.
The results derived using both approaches were similar, and
we present results of the first approach.

Cox proportional hazards models were used to estimate
hazard ratios and 95 percent confidence intervals for asso-
ciations between the variables of interest and risk of lung
cancer, both in the total population and separately among
current smokers, former smokers, and never smokers. Due
to differences in variables available in the Observational
Study and the Clinical Trial, some analyses were performed
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on the combined data, and further analyses were performed
using variables limited to the Observational Study. Weight
change was computed as the difference between weight
measured at baseline and self-reported weight at age
18 years (available for Observational Study participants
only). The resulting continuous variable was categorized
as follows: lost 10 pounds or more (—>4.5 kg); gained or
lost less than 10 pounds (+<4.5 kg; reference group);
gained 10-<20 pounds (+4.5-9 kg); gained 20-<30
pounds (+9.1-13.5 kg); and gained 30 pounds or more
(+>13.6 kg).

The following variables were included as covariates in the
regression models, either because they were significantly as-
sociated with lung cancer or because their inclusion in the
multivariate model changed the parameter estimate for BMI
by more than 10 percent: age (years) at enrollment; education
(less than high school graduation, high school graduation,
some college, college graduation, or postcollege); ethnicity
(White, Black, or other); pack-years of smoking (none, >0-
<20, 20-<40, 40-<60, or >60); age (years) at quitting
smoking (six levels); quitting smoking because of health
problems (yes/no); physical activity (metabolic equivalents
per week—continuous); ever use of hormone replacement
therapy (yes/no); and intakes of total fat (g/day), fruits (serv-
ings/day), vegetables (servings/day), alcohol (drinks/week),
and total calories (kcal/day) (all continuous). In analyses of
the Observational Study and the Clinical Trial combined,
we included an indicator variable for study (Observational
Study/Clinical Trial). Tests for trend were performed by
assigning the median value to each category and modeling
this variable as a continuous variable (27). In order to rule
out an effect of general ill health or of weight loss due to
preclinical disease, we repeated the main analyses after ex-
cluding women who assessed their health status at baseline
as “poor” and, alternatively, excluding those whose lung
cancer was diagnosed within 3 years of baseline. All p val-
ues presented are two-sided.

RESULTS

Baseline BMI showed a modest positive correlation with
baseline waist:hip ratio (r = 0.34) and a strong correlation
with waist circumference (r = 0.83) (table 1). In addition,
baseline BMI showed increasingly strong correlations with
self-reported weight at ages 18, 35, and 50 years (r = 0.29,
r=0.53, and r = 0.71, respectively). All correlations shown
in table 1 were significant at the p < 0.0001 level. Correla-
tions seen in the total WHI population were similar to those
for current, former, and never smokers (data not shown).

Table 2 presents age-adjusted and multivariable-adjusted
hazard ratios for lung cancer risk in association with se-
lected demographic and lifestyle variables. Smoking status
and pack-years of smoking were both strongly associated
with lung cancer risk. Age-adjusted alcohol intake showed
a significant association with lung cancer which totally dis-
appeared after adjustment for pack-years of smoking and
other covariates. Age-adjusted associations with education,
fruit intake, and physical activity were all attenuated when
adjusted for pack-years of smoking and other covariates. In

contrast, inverse associations of BMI with lung cancer were
similar in the age-adjusted and multivariable-adjusted models.

Associations of anthropometric variables with lung cancer
risk are presented in table 3. Body mass index, weight, and
BMI adjusted for waist circumference were inversely associ-
ated with lung cancer in current smokers: hazard ratios for
the highest quintile versus the lowest were 0.62 (95 percent
confidence interval (CI): 0.42, 0.92; p-trend = 0.002), 0.60
(95 percent CI: 0.41, 0.87; p-trend = 0.004), and 0.40
(95 percent CI: 0.22, 0.72; p-trend = 0.001), respectively.
Waist circumference alone showed a borderline inverse as-
sociation with lung cancer risk in current smokers; however,
after adjustment for BMI, waist circumference showed a bor-
derline positive association with lung cancer risk in current
smokers (hazard ratio (HR) = 1.56, 95 percent CI: 0.91,
2.69; p-trend = 0.12). In former smokers, BMI adjusted
for waist circumference was inversely associated with risk
(HR = 0.61, 95 percent CI: 0.40, 0.94; p-trend = 0.02), and
waist circumference adjusted for BMI was positively asso-
ciated with risk (HR = 1.50, 95 percent CI: 0.98, 2.31;
p-trend = 0.004). In never smokers, height showed a border-
line positive association with lung cancer (HR = 1.44,
95 percent 0.91, 2.27; p-trend = 0.05), whereas the other
variables were not associated with altered risk. Weights at
ages 18, 35, and 50 years were not associated with risk in
any of the smoking-status strata. The associations shown in
table 3 were not altered by exclusion of women who reported
that they were in poor health at baseline or of cases diagnosed
within 3 years following enrollment (data not shown).

Table 4 provides hazard ratios for BMI and for BMI and
waist circumference adjusted for each other, by strata of
cigarettes smoked per day among current and former smok-
ers. Among current smokers, the inverse associations of
BMI and waist circumference-adjusted BMI with lung can-
cer were largely consistent across strata of amount smoked.
Adjusted waist circumference showed evidence of a positive
association in three of four strata among current smokers,
but the association was most pronounced among women
who smoked 35 or more cigarettes per day. Among former
smokers, a decreasing trend in risk with increasing levels of
adjusted BMI was evident, particularly among smokers of
15-24 and >35 cigarettes per day. Adjusted waist circum-
ference was fairly consistently associated with increased
risk in former smokers.

Among current smokers in the Observational Study, there
was a suggestion that women who gained more weight be-
tween age 18 years and baseline were at reduced risk of lung
cancer (table 5). Relative to women who had gained or lost
less than 10 pounds (<4.5 kg), women who had gained 30 or
more pounds (>13.6 kg) had a 37 percent reduction in risk
(HR = 0.63, 95 percent CI: 0.43, 0.93; p-trend = 0.009). A
similar trend was seen in former smokers, but the hazard
ratio and test for trend were not significant. No association
was seen with degree of weight change in never smokers.
When cases diagnosed in the first 3 years of follow-up were
excluded, the hazard ratio for weight gain of 30 or more
pounds was attenuated in current smokers (HR = 0.71, 95
percent CI: 0.45, 1.12; p-trend = 0.10) but became signifi-
cant in former smokers (HR = 0.66, 95 percent CI: 0.45,
0.98; p-trend = 0.03).
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TABLE 2. Age- and multivariable-adjusted hazard ratios for the association of demographic and lifestyle
characteristics with lung cancer in the Women’s Health Initiative, 1998—-2006

Characteristic No. of  Person-years Age-adjusted Multivariable-adjusted*
cases  offollow-up  pRy 95% Clt HR 95% Cl
Education
Less than high school graduation 90 131,924 1.00 Reference 1.00 Reference
High school graduation 268 439,624 0.93 0.73, 1.17 0.93 0.72, 1.21
Some college 549 897,501 0.89 0.71, 1.11 0.87 0.68, 1.11
College graduation 143 251,118 0.82 0.63, 1.07 0.92 0.69, 1.23
Postcollege education 292 440,569 0.65 0.51, 0.83 0.76 0.58, 0.99
Smoking status
Never smoker 197 317,923 1.00 Reference 1.00 Reference
Former smoker 736 1,171,423 453 3.89, 5.28 4.34 3.69, 5.11
Current smoker 404 660,882 1825 15.43,21.57 17.10 14.26, 20.50
Pack-years of smoking
None 197 317,923 1.00 Reference 1.00 Reference
>0-<20 231 360,418 2.23 1.85,2.70 2.08 1.69, 2.55
20-<40 317 529,577 8.07 6.75, 9.64 7.96 6.59, 9.62
40-<60 292 475,458 1729 14.43,20.71 16.35 13.47,19.86
>60 278 428,263 2295 19.12,27.55 22.71 18.68, 27.60
Alcohol consumption
Nondrinker 69 117,265 1.00 Reference 1.00 Reference
Former drinker 292 449,656 2.61 2.01, 3.40 1.08 0.82, 1.41
Current drinker
<1 drink/month 146 223,141 2.03 1.52, 2.70 0.91 0.68, 1.22
<1 drink/week 272 464,296 2.22 1.71, 2.90 1.11 0.85, 1.46
1-<7 drinks/week 336 539,768 2.21 1.71,2.87 1.02 0.78, 1.34
>7 drinks/week 227 364,462 3.20 2.44,4.19 1.00 0.76, 1.33
Fruit intake (servings/day)
<0.82 362 603,590 1.00 Reference 1.00 Reference
0.82—-<1.32 295 461,345 0.75 0.64, 0.88 1.05 0.89, 1.24
1.32-<2.02 244 409,381 0.59 0.50, 0.69 0.89 0.74, 1.06
2.02-<3.00 197 314,840 0.52 0.43, 0.62 0.87 0.71,1.07
>3.00 206 311,420 0.46 0.38, 0.54 0.85 0.68, 1.05
p for trend <0.0001 0.04
Physical activity (metabolic
equivalents/week)
<1.38 310 478,363 1.00 Reference 1.00 Reference
1.38—<5.52 261 425,184 0.83 0.70, 0.98 0.99 0.83, 1.17
5.52—-<11.69 261 405,951 0.80 0.68, 0.95 1.02 0.86, 1.22
11.69-<21.02 208 335,581 0.64 0.54, 0.76 0.89 0.74,1.07
>21.02 231 359,244 0.72 0.61, 0.86 1.06 0.88, 1.28
p for trend <0.0001 0.22
Body mass index#
<231 314 498,884 1.00 Reference 1.00 Reference
23.1-<25.6 311 516,999 0.98 0.84, 1.15 1.04 0.88, 1.23
25.6-<28.3 236 370,208 0.74 0.63, 0.88 0.77 0.64, 9.93
28.3-<32.2 265 411,730 0.85 0.72, 1.00 0.81 0.68, 0.98
>32.2 227 377,170 0.79 0.67, 0.94 0.79 0.65, 0.96
p for trend 0.001 0.001

* Adjusted for age (years—continuous), smoking status (never, former, or current smoker), pack-years of
smoking (none, >0-<20, 20—-<40, 40—<60, or >60), education (less than high school graduation, high school
graduation, some college, college graduation, or postcollege), ethnicity (White, Black, or other), use of hormone
replacement therapy (never/ever), intakes of total fat (g/day), fruits (servings/day), vegetables (servings/day),
alcohol (drinks/week), and total calories (kcal/day) (all continuous), physical activity (metabolic equivalents per
week—continuous), and study (Observational Study/Clinical Trial).

1 HR, hazard ratio; Cl, confidence interval.

+ Measured weight (kg) divided by the square of measured height (cm)2.
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TABLE 3. Multivariable-adjusted hazard ratios* for the association of anthropometric variables with lung cancer, by smoking status,
in the Women’s Health Initiative, 1998-2006

Never smokers Former smokers Current smokers
Variable (197 cases) (736 cases) (404 cases)
HR+t 95% Clt HR# 95% Cl HR$§ 95% CI HR# 95% ClI HRYq 95% Cl
BMIt,#
<23.1 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference
23.1-<25.6 1.24  0.80, 1.89 1.05 082,134 098 0.76, 1.27 1.06 0.81, 1.39 1.06 0.81,1.39
25.6-<28.3 094 060,150 088 068,113 073 056,096 0.67 049,092 0.71 0.52, 0.98
28.3-<32.2 0.73  0.45,1.21 1.07 083,137 085 065 110 074 053,1.02 073 0.53,1.01
>32.2 0.83 0.50, 1.38 113 087,147 085 0.65,1.12 059 040,087 0.62 0.42,60.92
p for trend 0.15 0.28 0.21 0.0008 0.002
Waist:hip ratio
<0.75 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference
0.75-<0.79 1.02 0.65, 1.60 117 088,155 094 0.69, 1.27 1.06 073,154 096 0.66, 1.40
0.79-<0.82 0.94 0.59,1.50 125 094,165 102 0.76,1.36 0.82 0.56, 1.21 0.72  0.49,1.06
0.82—<0.87 0.91 0.57,1.47 1.40 1.07,1.84 1.01 0.76, 1.34 1.09 076,157 090 0.63,1.30
>0.87 1.01 0.64, 1.66 1.63 125,213 1.02 0.77,1.35 110 077,157 089 0.62,1.27
p for trend 0.96 <0.0001 0.71 0.42 0.67
Waist circumference (cm)
<74.6 1.00 Reference 1.00 Reference  1.00  Reference 1.00 Reference 1.00 Reference
74.6—<81.1 1.02 066,159 094 072,123 086 064,114 080 0.59,1.09 0.81 0.59, 1.10
81.1-<88.1 119 0.77,1.83 118 091,152 094 071,123 077 056,1.05 0.74 0.54,1.02
88.1-<97.6 0.70 0.42,1.17 1.10 084,143 078 059,104 078 0.57,1.08 0.71 0.52, 0.98
>97.6 0.85 0.51,1.42 1.48 114,192 097 074,129 082 059,114 0.76 0.54,1.06
p for trend 0.28 0.0005 0.82 0.28 0.09
BMI adjusted for waist
circumference**
<23.1 1.00 Reference 1.00 Reference  1.00  Reference 1.00 Reference 1.00 Reference
23.1-<25.6 1.16 0.72,1.87 0.91 0.69,1.20 0.91 0.68,1.22 099 0.72,1.35 1.06 0.78, 1.46
25.6-<28.3 0.88 049,155 064 047,089 068 048,095 054 0.36, 0.81 0.66  0.43,1.00
28.3-<32.2 0.75 038,147 066 046,095 0.71 0.49,1.03 047 029,075 057 0.35 0.92
>32.2 0.91 0.41,2.05 056 0.37,0.84 0.61 0.40,094 030 0.16,0583 040 0.22,0.72
p for trend 0.47 0.003 0.02 <0.0001 0.0014
Waist circumference
adjusted for BMI**
<74.6 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference
74.6—<81.1 1.03 0.63, 1.67 1.05 0.78, 1.41 094 0.70,129 087 0.63,1.21 0.83 0.60, 1.15
81.1-<88.1 1.34 0.78,2.32 1.51 1.10,2.08 1.19 0.85,1.67 1.05 071,153 0.89 0.61, 1.31
88.1-<97.6 0.88 0.44,1.74 1.58 110,228 1.15 0.78,1.68 140 0.90, 2.16 1.08 0.69, 1.69
>97.6 1.01 0.45,2.28 237 1.58,357 150 0.98, 2.31 2.10 1.24, 3.56 1.56 0.91, 2.69
p for trend 0.97 <0.0001 0.004 0.01 0.12
Height (cm)
<156.5 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference
156.5-<160.2 0.85 0.53,1.36 1.08 085,138 1.08 0.83 1.39 1.26  0.89, 1.80 125 0.88,1.78
160.2-<163.5 0.85 0.52,1.37 1.00 0.78,129 095 0.72,1.24 1.17  0.82,1.67 1.14  0.80, 1.62
163.5-<167.1 1.23 079, 1.94 1.12 087,143 1.11 0.85, 1.44 1.44 1.02, 2.05 1.37 0.96, 1.94
>167.1 1.44 091,227 1.12 086,144 117 0.89, 1.53 122 0.85,1.75 1.19  0.83,1.70
p for trend 0.05 0.39 0.26 0.25 0.35

Table continues
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TABLE 3. Continued

Never smokers Former smokers Current smokers
Variable (197 cases) (736 cases) (404 cases)
HR 95% Cl HR# 95% Cl HR$§ 95% CI HR$ 95% Cl HRYq 95% Cl
Weight (pounds)t
<1325 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference
132.5-<147.7 1.04 0.68, 1.60 1.00 0.78,127 090 0.69,1.16 083 0.62,1.10 0.87 0.65,1.15
147.7-<164.0 0.78 049,124 087 068,112 072 055094 073 054,099 075 0.55,1.01
164.0-<187.4 095 0.61,1.50 1.04 081,133 082 0.62,1.06 074 0.54,1.01 0.75 0.54,1.03
>187.4 0.78 0.47,1.30 1.09 0.84, 1.41 0.79 060,105 057 0.39,083 060 0.41,0.87
p for trend 0.31 0.40 0.14 0.002 0.004
Weight (pounds) at age
18 years
<109.5 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference
109.5-<117.5 1.16  0.66, 2.06 1.01 0.72,1.40 094 065,135 0.81 0.50,1.30 0.83 0.52,1.34
117.5-<124.5 1.14  0.65, 2.01 099 072,137 1.04 0.74,147 076 048,123 0.78 0.48,1.25
124.5-<134.5 0.97 0.52,1.79 1.06 077,146 112 0.79,157 0.91 0.57,1.43 098 0.62, 1.54
>134.5 0.98 0.52,1.85 1.13 082,155 1.04 0.74, 147 1.09 0.71,1.67 1.07 0.70, 1.64
p for trend 0.84 0.39 0.57 0.49 0.52
Weight (pounds) at age
35 years
<1175 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference
117.5-<125.5 0.87 049,156 087 065,117 087 0.63,1.19 1.01 0.66, 1.53 1.05 0.69, 1.60
125.5-<134.5 1.39  0.80, 2.40 1.03 077,140 1.11 0.81,153 082 050,134 0.80 0.49, 1.31
134.5-<140.5 0.63 033,122 0.81 0.60,1.10 0.95 0.69, 1.31 1.00 0.65,1.55 1.08 0.70, 1.67
>140.5 0.79 042,150 075 054,105 076 053,108 090 056,143 089 0.56, 142
p for trend 0.40 0.09 0.19 0.63 0.63
Weight (pounds) at age
50 years
<1245 1.00 Reference 1.00 Reference  1.00  Reference 1.00 Reference 1.00 Reference
124.5-<134.5 1.1 0.64, 1.94 1.14 084,155 124 090,172 096 0.63,1.46 1.02 0.67,1.55
134.5-<145.5 080 046,139 095 071,127 094 068,128 0.82 055122 091 0.61, 1.37
145.5-<160.5 0.73 0.39,1.37 0.91 0.66,1.26 0.93 0.64, 1.31 0.60 037,098 059 0.36,0.97
>160.5 0.80 041,155 087 060,125 085 058 126 089 055,145 086 0.53,1.40
p for trend 0.31 0.25 0.20 0.34 0.26

* In never smokers, covariates included age (years—continuous), education (less than high school graduation, high school graduation, some
college, college graduation, or postcollege), ethnicity (White, Black, or other), use of hormone replacement therapy (never/ever), intakes of total
fat (g/day), fruits (servings/day), vegetables (servings/day), alcohol (drinks/week), and total calories (kcal/day) (all continuous), physical activity
(metabolic equivalents per week—continuous), height (cm), and study (Observational Study/Clinical Trial). Models for former smokers included
the additional variables pack-years of smoking (>0-<20, 20—-<40, 40—<60, or >60), age at quitting smoking (<35, 35—44, 45-49, 50-54, 55-59,
or >60 years), and whether the participant had quit smoking because of a health problem (yes/no). Models for current smokers included pack-
years of smoking in addition to the variables listed above for never smokers.

1 HR, hazard ratio; Cl, confidence interval; BMI, body mass index.

+ Unadjusted for smoking variables but adjusted for all other variables.

§ Adjusted for pack-years and age at quitting smoking in addition to all of the other covariates listed above.

€ Adjusted for pack-years of smoking in addition to all of the other covariates listed above.

# Measured weight (kg) divided by the square of measured height (cm)>2.

** From the model including quintiles of BMI and waist circumference.
111 pound = 0.45 kg.

Unintentional weight loss of 15 pounds or more (>6.8 kg) number of times weight went up or down by 10 or more pounds
within the past 6 months (6 months of baseline), intentional (>4.5 kg), maximum adult weight, and minimum adult weight
loss of 10 pounds or more (>4.5 kg) in the last 20 years, were not associated with risk of lung cancer (data not shown).
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TABLE 4. Multivariable-adjusted hazard ratios* for the association of body mass indext, body mass index adjusted for waist
circumference, and waist circumference adjusted for body mass index with lung cancer among current and former smokers, by level of

smoking, in the Women’s Health Initiative, 1998—-2006

No. of cigarettes ’(\;l;éeo; BMI WC-adjusted BMI BMI-adjusted WC
Sg:]%k?liig?"red;y c Current Former Current Former Current Former
BMI% or WC+ sn;JorL?rts an:)gl?;rs smokers smokers smokers smokers smokers smokers
HR$ 95% Cl# HR 95% ClI HR 95% CI HR 95% CI HR 95% ClI HR 95% ClI
5-14 85 138
1 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference
2 0.83 0.45,1.53 1.45 0.82,2.57 0.81 0.40,1.63 1.45 0.74,2.82 0.64 0.30,1.35 0.68 0.33, 1.39
3 0.77 0.40,1.50 0.93 0.49,1.75 0.68 0.29,1.62 0.86 0.38,1.92 1.15 0.51,2.56 1.23 0.59, 2.25
4 0.66 0.32,1.37 0.72 0.36, 1.44 0.59 0.22,1.63 0.63 0.24,1.62 1.12 0.43,2.96 0.93 0.39, 2.25
5 0.68 0.28,1.62 1.70 0.91,3.18 0.55 0.31, 1.44 1.31 0.47,3.65 1.14 0.35,3.73 1.31 0.48, 3.58
p for trend 0.25 0.31 0.28 0.79 0.67 0.47
15-24 178 248
1 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference
2 1.34 0.89,2.01 0.78 0.50,1.21 1.46 0.92,2.32 0.77 0.46,1.27 0.74 0.46,1.20 1.03 0.61,1.74
3 0.72 0.44,1.17 0.78 0.50, 1.21 0.74 0.39, 1.41 0.77 0.44,1.35 0.70 0.39,1.26 1.07 0.60, 1.92
4 0.69 0.41,1.15 0.97 0.64, 1.48 0.62 0.29, 1.32 0.88 0.48, 1.63 0.98 0.50, 1.90 0.87 0.45, 1.69
5 0.65 0.35,1.21 0.74 0.46,1.18 0.51 0.20,1.32 0.52 0.25,1.07 1.14 0.48,2.67 1.61 0.79, 3.27
p for trend 0.02 0.48 0.10 0.18 0.94 0.27
25-34 71 113
1 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference
2 1.12 0.60,2.08 0.69 0.33,1.46 1.43 0.68,2.99 0.56 0.25,1.28 0.89 0.40,1.95 1.16 0.47,2.86
3 0.80 0.38,1.70 0.85 0.43,1.70 1.09 0.40,2.98 0.61 0.26,1.45 0.65 0.26, 1.64 1.78 0.70, 4.51
4 0.89 0.42,1.88 1.24 0.64,2.39 1.19 0.38,3.73 0.86 0.33,2.20 0.50 0.17,1.48 1.64 0.58, 4.59
5 0.44 0.14,1.32 1.08 0.54,2.16 0.39 0.09, 1.80 0.76 0.26,2.22 1.00 0.29, 3.48 1.60 0.51, 5.02
p for trend 0.13 0.34 0.45 0.99 0.57 0.41
>35 50 162
1 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference
2 0.58 0.23,1.46 1.09 0.66, 1.78 0.42 0.14,1.21 1.07 0.62, 1.86 1.33 0.45,3.96 0.98 0.53, 1.80
3 0.70 0.28,1.77 0.58 0.34,1.01 0.22 0.06,0.85 0.49 0.25,0.96 0.89 0.22,3.56 0.88 0.44, 1.77
4 1.10 047,257 0.52 0.30,0.92 0.19 0.05, 0.81 0.35 0.16,0.75 4.69 1.20, 18.26 1.58 0.75, 3.31
5 0.60 0.22,1.64 0.51 0.29,0.90 0.09 0.02,0.47 0.30 0.13,0.71 8.85 1.75,44.70 1.77 0.74, 4.21
p for trend 0.62 0.002 0.007 0.001 0.01 0.14

* Adjusted for age (years—continuous), education (less than high school graduation, high school graduation, some college, college graduation,
or postcollege), ethnicity (White, Black, or other), hormone replacement therapy (never/ever), intakes of total fat (g/day), fruits (servings/day),
vegetables (servings/day), alcohol (drinks/week), and total calories (kcal/day) (all continuous), physical activity (metabolic equivalents per week—
continuous), study (Observational Study/Clinical Trial), and years of smoking (seven levels). In models for former smokers, age at quitting

smoking (11 levels) was included.

t Measured weight (kg) divided by the square of measured height (cm)?.
$ BMI, body mass index; WC, waist circumference; HR, hazard ratio; Cl, confidence interval.

DISCUSSION

In this large cohort of postmenopausal women, baseline
BMI, weight, and waist circumference were inversely asso-
ciated with subsequent risk of lung cancer in current smok-
ers but not in never smokers or former smokers. However,
after mutual adjustment, BMI was inversely associated with
risk and waist circumference was positively associated with
risk in both current and former smokers. These associations

were unchanged following exclusion of women who re-
ported at baseline that their health was “poor’ or of cases
diagnosed within 3 years of enrollment. Self-reported
weight at ages 18, 35, and 50 years showed no association
with lung cancer risk; however, weight gain between age 18
and baseline was inversely associated with risk in current
smokers.

Because smoking is a strong risk factor for lung cancer and
because smoking habits affect both body weight and body
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TABLE 5. Multivariate-adjusted hazard ratios* for the relation between change in weight
from age 18 years to baseline and risk of lung cancer, by smoking status, in the Women’s
Health Initiative (Observational Study only), 1998-2006

95%

Weight change from age No. of Person-years ~ Hazard )
18 years to baseline casest of follow-up ratio Cc:z{g’r\e,zfe
Current smokers (n = 202)
Weight loss of >10 pounds (>4.5 kg) 19 34,486 1.03 0.59, 1.80
Weight change of <10 pounds (+<4.5 kg) 53 78,514 1.00 Reference
Weight gain
10—<20 pounds (4.5-9 kg) 33 59,945 0.84 0.54, 1.33
20—<30 pounds (9.1-13.5 kg) 29 40,478 0.69 0.43, 1.10
>30 pounds (>13.6 kg) 64 112,615 0.63 0.43, 0.93
p for trend 0.009
Former smokers (n = 431)
Weight loss of >10 pounds (>4.5 kg) 18 24,069 0.97 0.55, 1.71
Weight change of <10 pounds (*=<4.5 kg) 63 94,449 1.00 Reference
Weight gain
10—<20 pounds (4.5-9 kg) 58 96,641 0.82 0.56, 1.21
20—-<30 pounds (9.1-13.5 kg) 76 115,988 1.05 0.76, 1.50
>30 pounds (>13.6 kg) 216 336,250 0.76 0.56, 1.03
p for trend 0.09
Never smokers (n = 120)
Weight loss of >10 pounds (>4.5 kg) 6 9,695 1.53 0.62, 3.80
Weight change of <10 pounds (+<4.5 kg) 23 32,929 1.00 Reference
Weight gain
10—-<20 pounds (4.5-9 kg) 18 29,821 0.86 0.45, 1.64
20-<30 pounds (9.1-13.5 kg) 19 28,923 0.99 0.53, 1.84
>30 pounds (>13.6 kg) 54 85,725 0.76 0.45, 1.30
p for trend 0.24

* All models included age (years—continuous), education (less than high school graduation, high
school graduation, some college, college graduation, or postcollege), ethnicity (White, Black, or
other), use of hormone replacement therapy (never/ever), intakes of total fat (g/day), fruits
(servings/day), vegetables (servings/day), alcohol (drinks/week), and total calories (kcal/day)
(all continuous), and physical activity (metabolic equivalents per week—continuous). Models
for former smokers included the additional variables pack-years of smoking (>0-<20, 20—<40,
40-<60, or >60), age at quitting smoking (<35, 35—44, 45-49, 50-54, 55-59, or >60 years), and
whether the participant had quit smoking because of a health problem (yes/no). Models for
current smokers included pack-years of smoking in addition to the variables listed above for
never smokers.

t Numbers of cases were reduced because participants were asked about weight at age 18
years in the Observational Study only.

composition, observed associations with anthropometric var-
iables could be confounded by the effects of smoking. Re-
ported smoking habits showed a strong association with lung
cancer risk (for >60 pack-years of smoking vs. never smok-
ing, HR = 22.7), and adjustment for smoking totally elimi-
nated an apparent association with alcohol consumption and
attenuated other associations. Adjustment for pack-years of
smoking had a modest effect on the estimates for BMI and
BMI adjusted for waist circumference but had a stronger
effect on the estimates for waist circumference adjusted for
BMLI, reducing them toward the null value (table 3).
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Studies that have assessed the validity of self-reports of
number of cigarettes smoked per day among current smok-
ers, particularly those that have compared self-reports with
numbers of cigarette butts collected daily, have indicated
that amount smoked is reported with a high degree of accu-
racy (28-31). Nevertheless, it is likely that there is some
measurement error in reporting of amount smoked, and
we cannot discount the possibility that the observed inverse
associations of BMI and BMI adjusted for waist circumfer-
ence with lung cancer are due, at least in part, to residual
confounding. Stram et al. (32) have shown that the residual
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confounding which results from high measurement error in
the smoking variable and a modest correlation (e.g., —0.25)
between a covariate and the true amount smoked can induce
a spurious association between the covariate and lung can-
cer risk, generating risk ratios in the range of 1.3-2.3. In our
data, however, the correlations of both BMI and BMI ad-
justed for waist circumference with cigarettes smoked per
day among current smokers were considerably weaker: r =
—0.03 and r = —0.12, respectively. Furthermore, the hazard
ratio for the association between BMI adjusted for waist
circumference (highest quintile vs. lowest) and lung cancer
in current smokers was 0.40 (or 2.5, comparing the lowest
quintile with the highest). This suggests that residual con-
founding by amount smoked may not totally account for the
observed inverse association with BMI.

A second concern is that an association of BMI with lung
cancer risk may be due to preclinical weight loss among
women who later develop lung cancer. However, exclusion
of women whose health was reported as “‘poor” and of cases
diagnosed within the first 3 years of follow-up did not affect
the association.

A number of studies have provided some evidence of an
inverse association of BMI with lung cancer risk, particularly
in ever smokers (7, 8, 10, 12, 14, 18, 19, 21), in whom the vast
majority of lung cancer cases occur. Most investigators have
reported that the inverse association persisted after adjustment
for smoking habits (7, 8, 10, 12, 14, 19), and some, but not all,
cohort studies indicated that the inverse association persisted
after exclusion of cases diagnosed early in the follow-up pe-
riod (7, 9, 11, 12, 19). However, few studies have included
measurements of adiposity other than BMI and weight.

Both BMI and waist circumference provide simple yet
sensitive indicators of total and central adiposity in adult
women (33), and both measures have been shown to con-
tribute independently to the prediction of nonabdominal,
abdominal, and visceral fat (34). However, the interrelations
between these variables and smoking are complex and are
subject to change over time. Smokers who quit smoking
tend to gain weight, and former smokers tend to have higher
BMIs than never smokers and current smokers (35, 36).
Current smokers tend to have lower BMIs than never smok-
ers (37-39) but appear to have increased central adiposity
(36, 40-44), a phenomenon which has been referred to as
the low-BMI-high-waist-circumference paradox (41). In
addition to the divergence of BMI and waist circumference
in current smokers, BMI may also have serious limitations
as a valid measure of adiposity in current smokers, because
weight loss associated with smoking may be due to a reduc-
tion in lean mass rather than fat mass, a distinction which
BMI may not fully capture (44).

Our results suggest that, in both current and former smok-
ers, the inverse association of BMI with lung cancer was
strengthened after adjustment for waist circumference. Fur-
thermore, waist circumference was positively associated
with lung cancer risk in both current and former smokers
after controlling for BMI. These results are similar to those
of Olson et al. (14), who found an inverse association for
BMI and a positive association for waist circumference
(each controlled for the other). The finding that BMI and
waist circumference must be considered jointly may explain

some of the inconsistency in the results of previous epide-
miologic studies that considered only BMI.

Lipophilic carcinogens present in tobacco smoke, such as
polycyclic aromatic hydrocarbons, are believed to initiate
cancer by forming DNA adducts (45), and DNA adduct
levels may provide a measure of biologically effective dose
(46). In addition, lipophilic aromatic compounds derived
from tobacco smoke may accumulate in adipose tissue
(47). Three studies that measured DNA adduct levels in
peripheral blood found an inverse association between
BMI and levels of DNA adducts (48-50). In conjunction
with the results of epidemiologic studies, these findings
suggest that both body habitus and body composition may
affect lung cancer risk in smokers, possibly through their
effect on storage, mobilization, and metabolism of tobacco
smoke carcinogens.

In view of the interrelations between smoking, anthropo-
metric measures, and cancer risk, it is of interest that, similar
to the literature on BMI and lung cancer, an inverse associ-
ation of BMI with other smoking-related cancers has also
been reported (51-53).

Our finding of a positive association of height with lung
cancer risk, which was limited to never smokers, is diffi-
cult to interpret. Few investigators have examined this
association (10, 11), and none that we know of presented
results stratified by smoking status. In a case-control
study, Goodman and Wilkens (10) reported a borderline
positive association of height with lung cancer in women
but not in men. In view of the large number of comparisons
made in our analysis, this finding should be interpreted
cautiously.

Strengths of the present study include the relatively large
number of cases, the detailed information collected on
a wide range of potential risk factors (including measure-
ment of height, weight, and hip and waist circumferences at
baseline in the entire WHI cohort), and the completeness of
follow-up. Although several previous studies have had data
on self-reported weight at age 18 or 20 years (6, 10, 11, 14,
19) as well as on weight at baseline (cohort studies) or
weight prior to diagnosis (case-control studies), the present
study is the first to have included data on weight at multiple
points in time throughout adulthood. More importantly, few
researchers have presented data on indices of adiposity other
than weight and BMI (11, 13, 14).

The WHI questionnaire required ever smokers to select
one of seven levels of frequency of cigarette smoking and
one of seven levels of duration of smoking and required
former smokers to select one of 11 levels of age at quitting.
These categorizations assessed a wide range of exposure to
cigarette smoke, enhancing the ability to detect associations.

This study had a number of limitations. The WHI ques-
tionnaire did not elicit information on certain aspects of
smoking behavior that have been shown to improve the pre-
diction of tobacco smoke exposure (i.e., measures of habit-
uation and type of cigarette smoked) (28). In addition, data
on certain variables were available only for the WHI Obser-
vational Study (e.g., weight earlier in life, questions about
weight loss), and therefore numbers of cases, particularly in
never smokers, were somewhat limited for some analyses.
Furthermore, information on weight earlier in life was
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obtained by self-report, and recall of weight in the distant
past may be inaccurate; however, it is unlikely to have been
recalled with different degrees of accuracy by women who
subsequently became cases and those who did not. Finally,
another important limitation was the lack of information
on the histologic types of lung cancer diagnosed in WHI
participants.

In conclusion, in a large prospective cohort study of post-
menopausal women, baseline BMI, BMI adjusted for waist
circumference, weight, and weight gain from age 18 years to
baseline showed inverse associations with lung cancer risk
in current smokers, whereas waist circumference showed
a positive association, after results were controlled for
BMLI. In former smokers, only BMI adjusted for waist cir-
cumference showed an inverse association with lung cancer,
and waist circumference adjusted for BMI was positively
associated with risk. In never smokers, only height showed
a borderline positive association with lung cancer. Our find-
ings suggest that both body habitus and body composition
may affect lung cancer risk in smokers, possibly through
their effect on storage, mobilization, and metabolism of
tobacco smoke carcinogens.
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