RISK FACTORS ASSOCIATED WITH HIP FRACTURE IN POSTMENOPAUSAL WOMEN

more women at risk of hip fracture,
approximately 75% of women who
would have hip fractures in the next
5 years, but one would double the
rate of overdiagnosis. There would
be a false-positive rate of 30%.
Seventy-five percent of the hip frac-
tures in the next 5 years would occur
in this group, but 30% of the women
predicted to have hip fractures
would not.

As a final step, we compared the pre-
dictive value of the algorithm with the
DXA measurements of the women
whose BMD was measured. There were
10750 women with DXA measure-
ments who either completed at least 5
years of follow-up or experienced a hip
fracture. The combined group had 80
hip fractures over a mean (SD) of 8.7
(1.2) years of follow-up; thus, the power
to show a difference was small. ROC
curves were calculated for the algo-
rithm, the DXA, or a combination of the
2. These are shown in FIGURE 3. There
was no statistically significant differ-
ence in the AUCs.

To show the relative utility of the
models prediction based on the 5%
highest-risk group for the DXA (T
score =-2.5) and the 5% highest-risk
group for the point-scoring method
(score =21 points) were compared
(A T score is a standard deviation of
the bone density above the peak
average for a young woman); 3.8% of
the high-risk DXA group went on to
have hip fractures in 5 years com-
pared with 3.1% of the high-risk
point-score group (TABLE 4).

Noting that the number of women
with a hip fracture in the subset with
DXA scans was small, we compared
the women identified by DXA and the
point-scoring algorithm using the
same cut points The results are shown
in TABLE 5, which demonstrates the
discordance between the 2 methods of
prediction and actual outcomes. We
also note that the women who were
identified by only 1 method of predic-
tion have had a substantial increased
risk of fracture compared with the
women who were not identified by
either method.
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Figure 2. Sensitivity and 1-Specificity of Receiver Operating Characteristic at Selected
Percentage Predictions of 5-Year Risk of Hip Fracture
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AUC indicates area under the curve. Blue curves in Figure 1 and Figure 2 are the same and are derived from
the entire clinical trial cohort.
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Figure 3. Comparison of the Women's Health Initiative Algorithm With Results From
Dual-Energy X-ray Absorptiometry Scans
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AUC indicates area under the curve. Data are based on a subset of 10750 women with bone mass density
measurements.

©2007 American Medical Association. All rights reserved. (Reprinted) JAMA, November 28, 2007—Vol 298, No. 20 2395

-406-



RISK FACTORS ASSOCIATED WITH HIP FRACTURE IN POSTMENOPAUSAL WOMEN

TABLE 6 shows the median 5-year hip
fracturerisk and the 2.5% upper and lower
limits for this prediction, according toa

simple sum pointscore that approximates
the WHI probability score. This can also
be done using the online algorithm.

R e T e S
Table 4. Comparison of the Prediction of 5-Year Risk of Hip Fracture in the 5% Highest Risk
Group by Point Score and DXA

Patients Without
Patients With Hip Fractures Hip Fractures
I 1 ] 1
Observed Predicted Observed Predicted
DXA
>T score —2.5 60 57.0 10165 10169
<T score —-2.5 20 23.0 504 501
WHI
<21 points 65 64.9 10203 10203.1
=21 Points 15 15.1 467 466.9

Abbreviations: DXA, dual-energy x-ray absorptiometry; T score, a standard deviation of bone density above the peak
average for a young woman; WHI, Women's Health Initiative.

Table 5. Cross-tabulation of Women With Osteoporosis Identified by DXA and Women's
Health Initiative Algorithm

No. (%) of Women With

No. of Women Hip Fracture Within 5 Years

I I ]
WHI Score WHI Score WHI Score

WHI Score
DXA <21 =21 Total <21 =21
T score =-2.5 9859 367 10226 50 (0.51) 10 (2.72)
T score <-2.5 409 115 524 15 (3.67) 5(4.35)
Total 10268 482 10750

Abbreviations: DXA, dual-energy x-ray absorptiometry; T score, a standard deviation of the bone density above the
peak average for a young woman; WHI, Women's Health Initiative.

T S S T
Table 6. Women's Health Initiative Estimated Probability of Hip Fracture Within 5 Years by
Women's Health Initiative Hand Score

WHI Probability Score, %2

Median 97.5th
WHI Hand ScoreP 2.5th Percentile (50th Percentile) Percentile
=7 <0.1 <01 <0.1
8 <0.1 <0.1 0.1
9 <0.1 0.1 0.2
10 <01 0.1 0.2
11 <0.1 0.2 0.3
12 0.1 0.2 0.4
13 0.1 0.3 0.5
14 0.2 0.4 0.6
15 0.2 0.5 0.8
16 0.3 0.6 1.0
17 0.4 0.8 1.3
18 0.5 1.0 1.6
19 0.7 1.3 2.0
20 0.9 1.6 2.6
21 1.1 2.1 3.3
22 1.4 2.7 4.3
23 2.0 3.5 >5.0
24 2.8 4.6 >5.0
=25 3.6 >5.0 >5.0

Abbreviation: WHI, Women'’s Health Initiative.
aWHI probability of hip fracture within 5 years based on WHI observational study.
bSimple sum score approximating WH| probability score.
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COMMENT

The large sample size, multiethnic com-
position, geographically diverse, am-
bulatory population, and adjudicated
hip fracture outcomes in WHI has made
it possible to develop a comprehen-
sive model to predict the 5-year risk of
hip fracture in postmenopausal women.
Because we were working from one
dataset, with 93 676 postmenopausal
women to develop the model and more
than 60 000 women to validate it, our
conclusions are robust. Because of the
great uniformity in the collection meth-
ods and uniformity in the factors in-
cluded in the model creation and vali-
dation testing, plus significant
differences in the frequency of risk fac-
tors, the model appears to be general-
izable.

Instead of splitting the sample to have
a training set and a test set, we were able
to take advantage of the multiple com-
ponents of WHI, using one group to de-
velop the model, the training set, and
another to validate it, the validation set.
By including minority women in the
model, predicting fracture risk ex-
tends risk factors for nonwhite women
beyond race or ethnic background.

Age is a known major risk factor for
fracture and continues to be the most
powerful predictor of fracture risk, but
we have demonstrated that the addi-
tion of a few readily available items of
clinical information can enhance this
prediction. As with many prediction
models, one is faced with a trade-off be-
tween specificity and sensitivity. As can
be seen from Table 4, most fractures oc-
cur in women who are predicted to be
a low risk. Figure 2 clearly demon-
strates this trade off.

The comparison of the DXA predic-
tion with the algorithm is limited by
sample size, and there is no statisti-
cally significant difference even though
within these limits, the DXA appears to
give marginally better results at an ob-
viously greater cost. But before the al-
gorithm is considered definitive, these
2 methods should be tested in other
large populations. The role of each
needs to be clarified relative to screen-
ing and treatment.

©2007 American Medical Association. All rights reserved.
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There are a several limitations to this
study. Certain data, such as accurate
classification of arthritis type or an ob-
jective measure of physical activity were
notavailable, but those factors that were
available were clearly defined. Dual-
energy x-ray absorptiometry data were
not available for all participants; how-
ever, this model may provide a low-
cost general screening prediction model
that has certain advantages for general
use. In addition, a longer period than
5 years might provide more informa-
tion for long-term fracture prediction.
Unfortunately, 5 years is the maxi-
mum follow-up available across the
components of the study at this time.
Other prediction models, eg, the Gail
model for breast cancer, also has been
predictive of breast cancer over more
than 5 years. The cohort continues to
be followed up and future assessment
of longer-term prediction models may
be available in the future.

Some aspects of the study may limit
its generalizability to other popula-
tions. Of note, the annual hip fracture
rate in women older than 65 years
estimated from the 2004 National
Hospital Discharge Survey is
57/10 000 women compared with
rates of 30 in the observational and 32
in the clinical trial of women partici-
pating in the WHI who were in the
same age group. This may reflect the
higher BMI in the WHI population,
the truncation of upper age groups
and the healthy volunteer effect. In
addition, the national data includes
institutionalized women who have
much higher fracture rates. Women in
the training set and the validation set
differ in many ways: for example, the
validation set included more than
27000 women in the hormone
therapy clinical trials. Hormone
therapy is known to greatly influence
fracture risk, but hormone therapy
was not selected as a useful predictor
in the observational study training
data. The model from the training data
still appeared valid in the validation
data. The lower risk of fracture in the
WHI population may or may not be
corrected by the factors in the model.

©2007 American Medical Association. All rights reserved.

The answer will only come when the
model is tested in disparate popula-
tions.

This study does not indicate whether
women defined by the WHI algorithm
to be at risk would benefit from mea-
sures to prevent hip fracture in con-
trast to those trials that have used
DEXA-T scores as a criterion for treat-
ment. Some women who would be clas-
sified as high risk (pointscore >21) in
our study did not have low T scores,
which is currently used as the gold stan-
dard for defining osteoporosis. Fur-
ther studies are needed to define the
clinical implications of this algorithm
and to confirm treatment benefits for
those delineated by the WHI risk clas-
sification to be an increased risk for hip
fracture. Ultimately, the decision of
whom to further screen for osteoporo-
sis and whom to treat will need to be
based on available resources and ma-
jor social and political judgments.
Knowing the 5-year risk of fracture will
permit patients and physicians to make
informed choices when balancing mak-
ing lifestyle changes against undergo-
ing medical interventions. Publica-
tion of these results, along with the
user-friendly tool for their applica-
tion, will permit others to rapidly test
their utility. However, we believe 11
readily available clinical variables of-
fer a simple means of stratifying the
5-year risk of hip fracture in postmeno-
pausal women.
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Abstract

Background: Physical activity is associated with a reduced
risk of colon cancer, but the effect of activity on colorectal
adenomas, which are precursors to colon cancer, is uncertain.
The influence of physical activity on colorectal adenomas
among African-American women is of particular interest
because African-American women have an increased risk of
colon cancer relative to other U.S. women.

Methods: We prospectively assessed the relation of physical
activity to the incidence of colorectal polyps among African-
American women. We followed 45,400 women in the Black
Women’s Health Study from 1997 to 2003. Data were
obtained by biennial mailed questionnaires. During
287,029 person-years of follow-up, 1,390 women reported
having been diagnosed with colorectal polyps. A review of
medical records of 58 women who reported colorectal polyps
indicated that 59% had adenomas and 41% had hyperplastic

polyps. We converted hours per week of vigorous exercise
and hours per week of walking to metabolic equivalent
(MET)-hours. We estimated incidence rate ratios with Cox
proportional hazard models, controlling for age, body mass
index, smoking, family history of colorectal cancer, and
education.

Results: For total MET-hours/wk spent in walking and
vigorous exercise, the incidence rate ratio decreased from
0.94 for <5 MET-hours/wk to 0.72 for >40 MET-hours/wk
(Pirena = 0.01). The inverse association was apparent among
most subgroups examined, including women who may be at
higher risk of colorectal adenomas because of being obese.
Conclusions: Increased physical activity is associated with
a reduced incidence of colorectal polyps among African-
American women. (Cancer Epidemiol Biomarkers Prev 2006;
15(8):1438-42)

Introduction

An appreciable body of evidence suggests that leisure-time
physical activity reduces the incidence of colon cancer in men
and women (1, 2). There is much less evidence on whether
physical activity protects against colorectal adenomas, which
are thought to be precursors to most colon cancers (3), and the
evidence has been inconsistent (4-17). No findings have been
reported on the relation of physical activity to the incidence of
colorectal adenomas in African-American women. This is an
issue of particular interest because incidence and mortality
rates of colorectal cancer are greater among African-American
women than among U.S. white women (18). We report here on
the effect of leisure-time physical activity on the incidence of
colorectal polyps in African-American women. It has been
estimated that about three quarters of clinically recognized
polyps are adenomas and one quarter are hyperplastic polyps
(19). We used data from the Black Women’s Health Study
(BWHS), a large follow-up study of black women in the United
States.

Materials and Methods

The BWHS began in 1995 when 59,000 African-American
women ages 21 to 69 years enrolled in the study by completing
mailed health questionnaires (20). Most respondents were
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subscribers to Essence magazine, a popular magazine targeted
to black women; the remainder were members of the Black
Nurses’ Association or the National Education Association or
were friends and relatives of early respondents. Twenty-seven
percent of respondents lived in the Northeast, 29% in the
South, 23% in the Midwest, and 21% in the West. Participants
are followed through biennial mailed questionnaires. The
present report is based on data collected through 2003. Each of
the 1997, 1999, 2001, and 2003 follow-up questionnaires was
completed by >80% of the original cohort; 2% of the cohort
had died by 2003. The Institutional Review Boards of Boston
University Medical Center (Boston, MA) and Howard Univer-
sity Cancer Center (Washington, DC) approved the BWHS.

Colorectal Polyps. The 1995 baseline questionnaire and the
follow-up questionnaires through 2003 included questions
about a list of illnesses that included colon and rectal cancer. In
1999, colorectal polyps were added to the list; on that
questionnaire and all subsequent questionnaires, participants
were asked if they had been diagnosed with “colon or rectal
polyps” and the year of first diagnosis. Because colorectal
polyps were not asked about specifically until 1999, we began
follow-up for the present analyses in 1997.

In a sample of 63 BWHS participants who reported
colorectal polyps on the 2001 questionnaire and for whom
we obtained medical records, colorectal polyps were con-
firmed in 58 (92%). Among the 58 participants, 34 (59%) had
adenomas and 24 (41%) had hyperplastic polyps.

Physical Activity. Physical activity data from the 1997,
1999, and 2001 questionnaires were used for the present
analyses. All questionnaires through 2001 collected informa-
tion on the average number of hours per week in the
previous year that the participant had walked for exercise,
had walked to and from work, stores, church, and school,
and had exercised vigorously (e.g., running). We estimated
total metabolic equivalent (MET)-hours/wk from walking
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and vigorous exercise by summing the MET-hours/wk from
walking (hours per week multiplied by 3.5) and the MET-
hours/wk from vigorous exercise (hours per week multiplied
by 7.0; ref. 21).

In a validation study conducted at Howard University
Cancer Center, 101 BWHS participants wore actigraphs
(activity monitors) for 7 days during their waking hours. They
also completed physical activity diaries and the BWHS
questions about physical activity. Hours per week of physical
activity from walking and vigorous exercise reported on the
BWHS questionnaire and in the diary were converted to MET-
hours/wk by multiplying the hours per week of walking by
3.5 and the hours per week of vigorous exercise by 7.0; total
physical activity was the sum of the MET-hours from walking
and vigorous exercise. For total physical activity, the Spearman
correlation coefficient was 0.28 (P < 0.01) for the correlation of
the BWHS questionnaire data with the actigraph counts and
0.32 (P < 0.01) for the correlation of the questionnaire data with
the diary data. For vigorous exercise, the corresponding
correlation coefficients were 0.40 (P < 0.01) and 0.41 (P < 0.01).

Other Factors. The baseline and follow-up questionnaires
collected information on a wide range of health-related factors,
such as cigarette smoking and alcohol use. All questionnaires
collected information on weight, and the 1995 questionnaire
collected information on height, allowmg for the computation
of body mass index (BML kg/m?). The 1995 questionnaire
included a 68-item modification of the short version of the
National Cancer Institute/Block food frequency questionnaire
(22); nutrient estimates were derived using the DietSys
software version 3.7 (National Cancer Institute, Bethesda,
MD). The 1999 questionnaire asked about family history of
colon cancer and rectal cancer and about whether the
participant had undergone colonoscopy or sigmoidoscopy in
the previous 2 years. The 2003 questionnaire asked about
colonoscopy and sigmoidoscopy in the previous 2 years.

Analysis. We assessed colorectal polyps occurring in a
particular follow-up cycle in relation to exposure data from the
previous cycle (e.g., polyps reported on the 1999 questionnaire
in relation to physical activity reported on the 1997 question-
naire). A total of 53,176 women completed the 1997 follow-up
questionnaire, the start of follow-up for the present analyses.
After exclusion of women who had cancer at baseline
(n = 1,467), reported colorectal polyps occurring before 1997
(n = 537), did not complete a follow-up questionnaire after
1997 (3,112), did not complete the 1997 questions on physical
activity (2,612), or whose status with respect to colorectal
polyps was uncertain (n = 48), a total of 45400 women
remained. During 287,029 person-years of follow-up from 1997
to 2003, 1,390 of these women reported the occurrence of a
colorectal polyp.

We used age- and time-stratified Cox regression models
(Statistical Analysis System version 8.2, SAS Institute, Cary,
NC) to derive incidence rate ratios (IRR) for colorectal polyps
in relation to physical activity with control for potential
confounding factors (23). Women contributed person-years
from the start of follow-up in 1997 to the time of diagnosis of
colorectal polyps, loss to follow-up, death, or the end of follow-
up in 2003, whichever came first. In the analyses of total MET-
hours from walking and vigorous activity, we controlled for
known or suspected risk factors for colorectal polyps that were
associated with risk of polyps in our data; in addition to age,
these were BMI [weight (kcr)/ helght (m)], cigarette smoking,
history of colorectal cancer in a parent or sibling, and years
of education. In the analysis of hours per week of walking, we
also controlled for vigorous activity; in the analysis of hours
per week of vigorous activity, we also controlled for walking.
Additional control for geographic region of residence, alcohol
use, nonsteroidal anti-inflammatory drug use, red meat intake,
fiber intake, and total energy intake did not alter the IRRs by

>10%. The Anderson-Gill data structure was used to handle
time-varying covariates (24).

To test for trend among women who walked or exercised
vigorously, a continuous term was included in the regression
model and those reporting no activity were excluded; for
hours per week of walking or vigorous exercise, the midpoint
of each stratum of hours/week of activity reported was used.
To assess whether the association between MET-hours of
physical activity and colorectal polyps was modified by other
factors (e.g., BMI), we conducted likelihood ratio tests that
compared models with and without cross-product terms
between MET-hours of physical activity (categorical) and
these factors (25). Departure from the proportional hazards
assumption was tested by the likelihood ratio test comparing
models with and without cross-product terms between
MET-hours of physical activity (categorical), time period, and
age (<50 versus 250; ref. 26).

Results

Age, BMI, cigarette smoking, family history of colorectal
cancer, and years of education were positively associated with
the incidence of colorectal polyps in the BWHS (data not
shown). As shown in Table 1, total MET-hours/wk expended
in walking and vigorous exercise were positively associated
with years of education and inversely associated with age,
BMI, smoking, and family history of colorectal cancer.

Table 2 provides data on vigorous exercise and walking in
relation to colorectal polyp incidence. For women who exer-
cised vigorously relative to women who did no vigorous
exercise, the IRRs were all <1.0 for categories of vigorous
exercise ranging from <1 hour/wk to 27 hours/wk: the IRR
was 0.81 [95% confidence interval (95% CI), 0.69-0.96] for <1
hour/wk and 0.85 (95% CI, 0.60-1.21) for >7 hours/wk (P yena
among vigorous exercisers = 0.54). For walking, the IRRs were
0.99 or 1.00 for the categories <1 hour/wk to 3 to 4 hours/wk
and 0.82 and 0.85 for 4 to 6 hours/wk and >7 hours/wk,
respectively (Penq among walkers = 0.03); all 95% Cl included
1.0. For total MET-hours/wk expended in walking and
vigorous exercise, the IRR decreased monotonically from
0.94 (95% CI, 0.76-1.15) for <5 MET-hours/wk to 0.83 (95%
CI, 0.67-1.03) for 20 to 39 MET-hours/wk and 0.72 (95% (I,
0.57-0.91) for >40 MET-hours/wk (Pyend among the walkers
and exercisers = 0.01).

We repeated the analysis of total MET-hours/wk from
walking and vigorous exercise in relation to colorectal polyps
confined to women who reported on the 1999 or 2003
questionnaire that they had undergone sigmoidoscopy or
colonoscopy. Based on 63,302 person-years of follow-up
involving 10,079 women, the IRRs for the categories of total
MET-hours/wk of <5, 5 to 9, 10 to 19, 20 to 39, and =40,
relative to none, were 0.88 (95% CI, 0.72-1.09), 0.86 (95% CI,
0.70-1.06), 0.85 (95% CI, 0.69-1.04), 0.76 (95% CI, 0 61-0.95), and
0.64 (95% CI, 0.50-0.81), respectively.

Table 1. Baseline characteristics of 45,381 women accord-
ing to MET-hours/wk of vigorous exercise and walking in
the BWHS

Characteristic MET-h/wk

<5 5-9 10-19 20-39 =40
No. studied 10,984 8,188 10,117 8,782 7,329
Age, y (mean) 422 409 40.7 39.4 38.7
BMI, kg/m? (mean) 29.8 28.9 28.4 27.5 27.0
Education, y (mean) 14.6 149 15.0 15.1 15.0

Family history of 5.8 6.2 5.9 54 54
colorectal cancer (%)

Current smoker (%) 18.2 14.6 14.3 13.1 148
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As shown in Table 3, the IRR for =40 MET-hours/wk of
physical activity spent in walking and vigorous exercise was
<1.0 in all categories of age, BMI, family history of colorectal
cancer, cigarette smoking, and years of educational attainment,
except among the subgroups of women with BMI 25 to 29
and <12 years of education. None of the tests for interaction
was statistically significant (age, P = 0.22; BMI, P = 041,
family history of colorectal cancer, P = 0.56; cigarette smoking,
P = 0.62; education, P = 0.38).

Discussion

The results from studies of physical activity and colorectal
adenomas have been mixed and inconclusive. Among the case-
control studies (4, 7-17), most were small with <300 adenoma
cases (4, 7-9, 11, 13-17), and statistically significant inverse
associations were found in only 2 (16, 17). In a follow-up
of nurses who had undergone endoscopy, during which 439
adenomas of the distal colorectum were reported, the IRR was
0.58 (95% CI 0.40-0.86) for the highest quintile of weekly
energy expenditure from walking and exercise relative to the
lowest (Pirena = 0.0009; ref. 5). In a similar follow-up study of
men, in which 586 adenomas were reported, there were also
inverse associations, although weaker: the relative risk for the
top quintile of energy expenditure relative to the lowest was
0.79 (Pirena = 0.12) for colon adenomas and 0.92 (P eng = 0.55)
for rectal adenomas (6).

The present study provides the first data on physical activity
in relation to colorectal polyps specifically reported for a black
population. The incidence of polyps among black women in
the BWHS declined as total MET-hours expended in walking
and vigorous exercise increased. A reduction in incidence
of ~20% was associated with 20 to 39 MET-hours/wk of
physical activity and of 30% with >40 MET-hours/wk. Age,
BM], cigarette smoking, family history of colorectal cancer, and
higher level of education were associated with increased risk
of colorectal polyps in our data. Physical activity was inversely
associated with the incidence of colorectal polyps in almost all
strata of these factors, which suggests that these factors did not

explain or modify the association of physical activity with
colorectal polyps. The inverse association of physical activity
with polyps among obese women is noteworthy because the
risk of developing adenomatous polyps may be greater among
people who are obese (4-6, 9, 11, 15, 16, 27).

The large number of cases of colorectal polyps in the present
study provided high statistical power and allowed for infor-
mative assessment of subgroups. The high rate of follow-up
mitigates concerns about bias from selective losses. Multivar-
iable analyses controlled for important risk factors for colo-
rectal polyps. Physical activity reported on the BWHS
questionnaire was statistically significantly associated with
two commonly used, albeit imperfect, measures that have been
used in physical activity validation studies—diary record data
and movement as measured with an actigraph (28, 29).
Because the BWHS questionnaire data on physical activity
were collected prospectively, systematic bias in the reporting
of physical activity will have been absent. Random misclassi-
fication of reported physical activity on the BWHS question-
naire would have tended to attenuate a true inverse association
between physical activity and the incidence of colorectal
polyps.

Our validation study suggested that women in the BWHS
reported colorectal polyps with high specificity. However,
participants were not systematically screened for colorectal
polyps. The presence of undetected cases of colorectal polyps
would have attenuated an association, but we expect the
degree of attenuation to have been small because colorectal
polyps occur relatively rarely. An analysis confined to women
who had undergone colonoscopy or sigmoidoscopy yielded an
inverse association with total MET-hours of activity from
walking and vigorous exercise that was a little stronger than
that observed in the total sample.

We were unable to stratify the analyses according to
whether the colorectal polyp was an adenoma or a hyperplas-
tic polyp because we had that information on only a small
subset of cases. Hyperplastic polyps are not thought to be risk
factors for colon cancer. Although colon adenomas and
hyperplastic polyps share many risk factors (30, 31), there is
almost no information on the relation of hyperplastic polyps to

Table 2. Risk of colorectal polyps in relation to hours per week of vigorous exercise, hours per week of walking, and MET-

hours/wk of vigorous exercise and walking in the BWHS

Hours/wk of vigorous exercise

None <1 1-2 3-4 5-6 >7
Cases 875 181 173 88 39 34
Person-years 139,733 51,070 44,437 28,163 12,355 11,271

Age-adjusted IRR (95% CI)
Multivariate IRR* (95% CI)

1.00 (Reference)
1.00 (Reference)

0.80 (0.68-0.94)
0.81 (0.69-0.96)

0.92 (0.78-1.08)
0.95 (0.80-1.12)

0.74 (0.60-0.93)
0.77 (0.62-0.97)

0.81 (0.59-1.11)
0.87 (0.63-1.20)

0.77 (0.55-1.09)
0.85 (0.60-1.21)

Hours/wk of walking

None <1 12 34 5-6 =7
Cases 153 230 496 235 108 168
Person-years 27,837 44,170 101,484 47,450 25,594 40,494
Age-adjusted IRR (95% CI) 1.00 (Reference)  0.99 (0.81-1.22)  0.96 (0.80-1.15)  0.94 (0.77-1.15)  0.78 (0.61-1.00)  0.79 (0.63-0.98)
Multivariate IRR" (95% CI)  1.00 (Reference) ~ 1.00 (0.82-123)  1.00 (0.83-1.20)  0.99 (0.81-1.22)  0.82 (0.63-1.05)  0.85 (0.68-1.06)

MET-h/wk of vigorous exercise and walking

None <5 59 10-19 20-39 >40
Cases 132 288 273 325 229 143
Person-years 20,793 49,475 53,541 64,706 55,242 43,272

Age-adjusted IRR (95% CI)

1.00 (Reference)
Multivariate IRR* (95% CI)

1.00 (Reference)

0.93 (0.76-1.15)
0.94 (0.76-1.15)

0.89 (0.72-1.10)
0.91 (0.74-1.12)

0.90 (0.74-1.10)
0.91 (0.74-1.12)

0.82 (0.66-1.01)
0.83 (0.67-1.03)

0.70 (0.55-0.88)
0.72 (0.57-0.91)

*Adjusted for age, BMI, smoking, family history of colorectal cancer, education, and total hours of walking.
TAdjusted for age, BMI, smoking, family history of colorectal cancer, education, and hours of vigorous exercise.
tAdjusted for age, BMI, smoking, family history of colorectal cancer, and education.

413-



Cancer Epidemiology, Biomarkers & Prevention 1441

Table 3. Risk of colorectal polyps in relation to MET-hours/wk of vigorous exercise and walking according to age, BMI,

family history of colorectal cancer, cigarette smoking, and years of educational attainment in the BWHS

MET-h/wk Age
<50 =50

Cases IRR (95% CI) Cases IRR (95% CI)
None 57 1.00 75 1.00
<5 100 0.75 (0.54- 1.05) 188 1.07 (0.82- 1.40)
5-9 109 0.78 (0.56- 1.07) 164 1.00 (0.76- 1.31)
10-19 133 0.80 (0.59- 1.10) 192 0.99 (0.76- 1.30)
20-39 95 0.68 (0.49- 0.95) 134 0.95 (0.71- 1.27)
=40 60 0.57 (0.40- 0.83) 83 0.84 (0.62- 1.16)
MET-h/wk BMI

<25 25-29 =30
Cases IRR (95% CI) Cases IRR (95% CI) Cases IRR (95% CI)
None 24 1.00 30 1.00 77 1.00
<5 49 0.97 (0.59-1.58) 94 1.22 (0.81-1.85) 140 0.78 (0.59-1.04)
5-9 58 1.02 (0.63-1.66) 107 1.28 (0.85-1.92) 106 0.68 (0.51-0.92)
10-19 69 0.96 (0.60-1.54) 125 1.16 (0.78-1.73) 128 0.77 (0.58-1.03)
20-39 71 1.04 (0.65-1.67) 91 1.07 (0.70-1.62) 66 0.60 (0.43-0.83)
240 34 0.59 (0.35-1.01) 62 1.02 (0.66-1.59) 42 0.63 (0.43-0.92)
MET-h/wk Family history of colorectal cancer
Yes No

Cases IRR (95% CI) Cases IRR (95% CI)
None 21 1.00 105 1.00
<5 39 0.67 (0.39-1.14) 241 0.98 (0.78-1.24)
5-9 45 0.76 (0.45-1.29) 219 0.92 (0.73-1.16)
10-19 57 0.78 (0.46-1.30) 246 0.88 (0.70-1.11)
20-39 30 0.52 (0.29-0.92) 186 0.87 (0.68-1.11)
240 24 0.59 (0.33-1.09) 113 0.73 (0.56-0.95)
METs/wk Smoking status

Current smoker Past/never smoker

Cases IRR (95% CI) Cases IRR (95% CI)
None 38 1.00 94 1.00
<5 52 0.78 (0.51-1.20) 236 1.00 (0.78-1.27)
5-9 51 0.83 (0.54-1.27) 222 0.93 (0.73-1.18)
10-19 56 0.82 (0.54-1.25) 269 0.95 (0.75-1.20)
20-39 33 0.65 (0.40-1.04) 196 0.89 (0.69-1.14)
>40 30 0.80 (0.49-1.30) 113 0.72 (0.54-0.95)
MET-h/wk Education (y)

<12 13-15 =16
Cases IRR (95% CI) Cases IRR (95% CI) Cases IRR (95% CI)

None 24 1.00 54 1.00 54 1.00
<5 45 1.04 (0.63-1.71) 115 0.92 (0.66-1.27) 128 0.91 (0.66-1.25)
5-9 45 1.21 (0.74-2.00) 92 0.77 (0.55-1.09) 134 0.90 (0.66-1.24)
10-19 56 1.41 (0.87-2.29) 108 0.79 (0.57-1.10) 158 0.87 (0.64-1.19)
20-39 25 0.94 (0.53-1.65) 73 0.73 (0.51-1.04) 131 0.87 (0.63-1.20)
>40 25 1.25 (0.71-2.20) 51 0.66 (0.45-0.97) 64 0.64 (0.44-0.92)

NOTE: In the analysis of each factor, adjustment is made for the other factors in this table.

physical activity. A study that assessed subsequent polyp
occurrence among subjects who had had a recent colon
adenoma found that physical activity was unrelated to
hyperplastic polyps, but the number of cases was small (14).
If hyperplastic polyps are unrelated to physical activity, their
inclusion in the case series in the present study would have
diluted the association of colorectal polyps with physical
activity.

In summary, the present data suggest a protective effect
of physical activity against the occurrence of colorectal

polyps in black women. Colorectal cancer is a much rarer
outcome than colorectal polyps (3, 5, 18). The assessment of
whether physical activity protects against colon or rectal
cancer in black women in the BWHS awaits accrual of
sufficient cases of colon and rectal cancer for informative
analysis.
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Table 2. Risk of colorectal polyps in relation to hours per week of vigorous exercise, hours per week of walking, and MET-
hours/wk of vigorous exercise and walking in the BWHS

Hours/wk of vigorous exercise

None <1 12 34 5-6 >7
Cases 875 181 173 88 39 34
Person-years 139,733 51,070 44,437 28,163 12,385 11,273
Age-adjusted IRR (95% Cl 100 (Reference)  0.30 (0.68-0.94)  092{(0781.08) 074 (0.60-093) 081 (0.59-1.11)  0.77 (0.55-1.09)
Multivariate IRR* (95% CI) 1.00 (Reference) 0.81 (0.69-0.96) 0.95 (0.80-1.12) 0.77 (0.62-0.97) 0.87 (0.63-1.20} (.85 (0.60-1.21)

Hours/wk of walking

None <1 12 3-4 56 =7
Cases 153 230 496 235 108 168
Person-years 27,837 44,170 101,484 47 450 25,594 40,494
Age-adjusted IRR (95% CI) 1.00 (Reference) 099 {0.81-1.22) 0.96 (0.80-1.15) 0.94 (0.77-1.15) 0.78 (0.61-1.00) 0.79 (0.63-0.98)
Multivariate IRR" (95% CI) 1.00 (Reference) 1.00 {0.82-1.23) 1.00 (0.83-1.20) 0.99 (0.81-1.22) 0.82 (0.63-1.05) 0.85 (0.68-1.06)

MET-h/wk of vigorous exercise and walking

None <5 5.9 10-19 20-39 40
Cases 132 288 273 325 229 143
Person-years 20,793 49,475 53,541 64,706 55,242 43,272
Age-adjusted IRR (95% CI) 1.00 (Reference) 093 (0.76-1.15) 089 (072-1.10) 090 (0.74-1.10)  0.82 (0.66-1.01)  6.70 (0.55-0.88)
Multivariate IRR* (95% C1) 1.00 (Reference} 0.94 {0.76-1.15) 091 (0.74-1.12) 091 (0.74-1.12) 0.83 {0.67-1.03) 0.72 {(0.57-0.91)

*Adjusted for age, BMI, smoking, family history of colorectal cancer, education, and total hours of walking.
tAdjusted for age, BMI, smoking, family history of colorectal cancer, education, and hours of vigorous exercise.
+Adjusted for age, BMI, smoking, family history of colorectal cancer, and education.
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Abstract

Previous studies have suggested that physical activity
may lower lung cancer risk. The association of physical
activity with reduced chronic inflammation provides a
potential mechanism, yet few studies have directly
related inflammatory markers to cancer incidence. The
relation among physical activity, inflammation, and
lung cancer risk was evaluated in a prospective cohort
of 4,831 subjects, 43 to 86 years of age, in Beaver Dam,
Wisconsin. A total physical activity index was created
by summing up kilocalories per week from sweat-
inducing physical activities, city blocks walked, and
flights of stairs climbed. Two inflammatory markers,
WBC count and serum albumin, were measured at the
baseline examination. During an average of 12.8 years
of follow-up, 134 incident cases of lung cancer were
diagnosed. After multivariable adjustment, partici-
pants in the highest tertile of total physical activity

index had a 45% reduction in lung cancer risk
compared with those in the lowest tertile (hazard ratio,
0.55; 95% confidence interval, 0.35-0.86). Participants
with WBC counts in the upper tertile (>8 x 10°/uL)
were 2.81 (95% confidence interval, 1.58-5.01) times as
likely to develop lung cancer as those with counts in
the lowest tertile (<6.4 x 10%/uL). Serum albumin was
not related to lung cancer risk. There was no evidence
that inflammation mediated the association between
physical activity and lung cancer risk, as the physical
activity risk estimates were essentially unchanged after
adjustment for WBC count. Although the potential
for residual confounding by smoking could not be
eliminated, these data suggest that physical activity
and WBC count are independent risk factors for
lung cancer. (Cancer Epidemiol Biomarkers Prev
2008;17(10):2714-22)

Introduction

Lung cancer is the leading cause of cancer death among
men and women in the United States (1). Strategies to
reduce lung cancer risk besides smoking prevention and
cessation are poorly understood. A number of epide-
miologic studies have suggested that physical activity
may reduce the risk of lung cancer (2-13), with a recent
meta-analysis concluding that higher levels of leisure-
time physical activity protect against lung cancer (14).
In 2002, however, the IARC concluded that the evidence
for an association between physical activity and lung
cancer remained inconclusive, and two large studies
recently found no consistent association between phy-
sical activity and lung cancer risk (15, 16).

The value of molecular biomarkers in discerning the
relation between physical activity and cancer has
recently been recognized (17, 18). The incorporation of
biomarkers can be particularly helpful in clarifying
inconclusive epidemiologic evidence and investigating
potential mechanisms by which physical activity exerts
its effects (17). A number of potential mechanisms
through which physical activity may offer protection
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from lung cancer have been proposed. Physical activity
and physical fitness are consistently observed to be
associated with reduced chronic inflammation, reflected
in lower levels of the inflammatory markers serum
C-reactive protein, fibrinogen and WBC count, and
increased levels of serum albumin (a negative acute-
phase protein; refs. 19-23). Chronic inflammation has
been hypothesized to be a risk factor for a wide range of
cancers (24-26). Thus, physical activity could reduce lung
cancer risk by reducing chronic inflammation. Yet few
studies have directly evaluated markers of inflammation
in relation to lung cancer incidence (27-30).

We investigated the relation between self-reported
physical activity and lung cancer in an established cohort
of older adults. Additionally, we measured two inflam-
matory markers, WBC count and serum albumin, in
baseline blood samples to evaluate whether inflamma-
tion mediates the relation between physical activity and
lung cancer.

Materials and Methods

Study Population. Descriptions of the population and
the methods used to identify the population have been
previously published (31-33). Briefly, a private census of
the population living in Beaver Dam, Wisconsin, was
done by the University of Wisconsin Extension-Survey
Research Laboratory between September 15, 1987, and
May 4, 1988. Eligibility requirements for entry into the
study included living in the city or township of Beaver
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Dam and being 43 to 84 y of age at the time of the census.
A total of 5,925 eligible individuals were identified who
met the criteria.

Of the 5,925 eligible individuals, 4,926 (83.1%) parti-
cipated in the study examination, including 2,166 men
and 2,760 women. The reasons for nonparticipation
included 225 deaths (3.8%) before the examination,
moving out of the area by 91 people (1.5%), failure to
locate 23 people (0.4%), and refusal to participate by 391
(6.6%). Eligible participants who completed telephone
interviews but were not examined (1 = 269; 4.5%) were
not included in this analysis, so that data were available
for 4,926 participants who consented to examinations.

Case Identification. Incident cases of lung cancer
(International Classification of Diseases for Oncology
codes C34.0-34.9; ref. 34) diagnosed in study participants
through July 2004 were identified through linkages with
the Wisconsin Cancer Reporting System (the statewide
mandatory tumor registry), Wisconsin death certificates,
and the National Death Index. Deaths due to lung cancer
identified through death records that were not also
identified by the tumor registry (n = 7) were assigned a
date of diagnosis equal to the average length of time
from diagnosis to death for lung cancer cases in the
Wisconsin tumor registry subtracted from their date of
death (13 mo).

Data Collection. All participants provided signed
informed consent at the time of the examination. Study

questionnaires elicited information on comorbidities,
reproductive and menstrual histories (for females), life-
style factors, health history, medication histories, and
demographics. Lifestyle factors on the questionnaires
included physical activity, alcohol and caffeinated
beverage consumption, smoking history, vitamin and
mineral supplement use, and occupational history.
Participants reported histories of diagnosis with major
chronic medical conditions and surgical history. Col-
lected demographic information included race/ethnicity
and education, and participants were asked to report
their marital status and income category.

To assess smoking history, subjects were asked if they
had smoked more than 100 cigarettes in their lifetime,
how many years they have smoked cigarettes, whether
they smoke now, how long ago they stopped, and how
many cigarettes they smoked per day (currently, or
“usually” during smoking history for former smokers).

To assess physical activity, subjects were asked to
report the number of city blocks walked per day
(12 blocks = 1 mile), flights of stairs climbed per day,
and the number of episodes of “regular activity long
enough to work up a sweat” each week (35). A summary
measure of total physical activity was created by
summing the kilocalories (kcal) per week from blocks
walked, flights of stairs climbed, and episodes of
sweat-inducing activities. For 1 block walked per day
and 1 flight of stairs climbed per day, we assigned
56 kcal/wk and 28 kcal/wk, respectively, as previously

Table 1. Selected participant characteristics at baseline according to physical activity levels

Characteristics at baseline
activities/wk (%)*

Episodes of sweat-inducing

Flights of stairs

City blocks
climbed/d (%)*

walked/d (%)*

None 1 or more None 1 or more 0-2 3 or more
(n = 3,215) (n =1,614) (n =2,204) (n = 2,610) (n =2,187) (n = 2,639)

Age, y

43-49 16 20 16 18 12 22

50-59 26 30 25 29 24 30

60-69 27 30 28 28 28 28

70-79 23 17 22 20 27 16

80-86 9 3 9 5 10 4
Sex

Male 43 45 37 49 39 47

Female 57 55 63 51 61 53
Smoking status

Never 45 45 47 43 46 44

Former 32 41 33 38 36 35

Current 23 14 21 19 18 21
Body mass index tertile (kg/m?)

1 (<26.2) 32 36 32 34 31 35

2 (26.2-30.3) 33 36 31 36 32 35

3 (>30.3) 35 29 36 30 36 30
Alcohol drinks/wk

None 53 45 56 46 56 46

<5 20 28 20 25 21 24

>5 26 27 24 29 23 29
Education, y

<12 34 19 33 25 36 23

12 44 43 44 43 42 45

>12 . 22 38 23 32 22 32
Mean (SD) heart rate 38.6 (5.9) 375 (5.8) 38.5 (6.0) 38.0 (5.8) 38.5 (6.0) 38.0 (5.8)
Mean (SD) WBC count (x10°/uL) 75 (2.2) 7.1 (1.9) 75 (2.2) 73 (2.1 7.6 (2.3) 7.2 (2.0)
Mean (SD) albumin (g/dL) 4.6 (0.4) 4.7 (0.3) 4.6 (04) 4.7 (0.4) 4.6 (04) 4.7 (0.4)

*Information regarding episodes of activity was missing for 2 participants, blocks walked was missing for 17 participants, and ‘stairs climbed was missing

for 5 participants.
tThirty-second heart rate.
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Table 2. HR and 95% Cl of lung cancer according to physical activity levels and inflammatory markers

No. cases Person-years* HR (95% CI)" Pend | HR (95% CI)* Piend
Episodes of sweat-inducing activities/wk
105 36,753 1 1
13 10 10,862 0.4 (0.23-0.85) 0.45 (0.23-0.87)
=4 19 9,611 0.75 (0.45-1.24) 0.08 0.76 (0.46-1.26) 0.09
City blocks walked/d
0 73 25,117 1 1
1-11 44 19,633 0.93 (0.63-1.37) 0.92 (0.62-1.35)
=12 17 12,292 0.53 (0.31-0.90) 0.03 0.52 (0.30-0.89) 0.02
Flights of stairs climbed/d
0-1 44 17,715 1 1
2-5 60 20,224 1.53 (1.02-2.29) 1.53 (1.02-2.29)
>5 30 19,254 0.84 (0.52-1.36) 0.58 0.86 (0.53-1.40) 0.67
Total physical activity index (kcal/wk)?
0-174 65 18,531 1
175-874 38 19,120 0.72 (0.47-1.09) 0.72 (0.48-1.09)
=875 31 19,358 0.55 (0.35-0.86) 0.01 0.56 (0.35-0.87) 0.01
Heart rate (30 s)
21-33 27 12,065 1
34-42 70 33,925 0.93 (0.59-1.46) 0.95 (0.60-1.49)
>42 37 11,235 1.30 (0.80-2.16) 0.27 1.25 (0.75-2.09) 0.35
WHBC tertile (x10%/uL)
<6.4 16 19,605 —_
6.4-7.9 50 19,421 2.74 (1.53-4.90) —
=8 68 18,019 2.81 (1.58-5.01) 0.001 —
Albumin tertile (g/dL)
<4.6 52 19,307 —
4.6-4.8 51 20,321 1.02 (0.69-1.52) —
>49 31 17,427 0.85 (0.54-1.34) 0.52 —

*Total person-years for cases and noncases in category of activity.

tModels are adjusted for age, sex, pack-years of smoking, time since smoking cessation, body mass index, alcohol intake, and education.

*Models are adjusted for all variables in *, plus WBC count.

§Kilocalories per week from city blocks walked, flights of stairs climbed, and sweat-inducing activities (see Materials and Methods).

used in the analyses of the Harvard Alumni Health Study
(5, 6, 36). The duration and intensity of participation in
sweat-inducing activities were not ascertained; a typical
duration of 30 min at a multiple of resting metabolic rate
of 7 was assumed (equivalent to jogging or tennis;
ref. 37). Given a resting metabolic rate of 1 kcal/kg/h
and the median subject weight of 76 kg, each sweat-
inducing activity episode per week was assigned 266 kcal
[= 7 x (1 keal/kg/h) x (76 kg) x (0.5 h)].

Objective measures of comorbidity were collected in
addition to self-reported chronic health conditions.
Standardized procedures were used to measure height,
weight, heart rate, vision, hearing, and blood pressure
during the examination (31).

Laboratory Analysis. Casual venous blood specimens
were obtained at the baseline examination for laboratory
analysis. The collection, storage, and laboratory methods
for the analysis of serum inflammatory markers have
been previously described (38). Immediately after obtain-
ing the baseline blood sample, WBC count was deter-
mined using the Coulter counter method, and serum
albumin levels were determined by Technicon, Inc.

Statistical Analysis. Cox proportional hazards regres-
sion was used to estimate the hazard ratio (HR) and 95%
confidence intervals (95% CI) of lung cancer associated
with levels of physical activity and inflammatory
markers. We tested proportionality assumptions and
found no evidence of violation. Regression models were
fitted according to the number of episodes of sweat-
inducing activities, the number of blocks walked, the

number of flights of stairs climbed, total physical
activity index, heart rate, WBC count, and serum
albumin level. With the exception of heart rate, the
physical activity and inflammatory marker variables
were categorized roughly by person-year tertiles, using
round numbers as cutpoints. For sweat-inducing activ-
ities and city blocks walked per week, more than one
third of person-years had zero activities. All models
were adjusted for age (<50, 50-59, 60-69, 70-79, =80 y),
sex, pack-years of smoking (none, tertiles), time since
smoking cessation (never smoker, current smoker,
quartiles), body mass index (kg/mz, tertiles), alcohol
intake (none, <5 drinks/wk, =5 drinks/wk), and
education (<high school, high school degree, > high
school). P values for trend were evaluated by including
categorical variables in the models as continuous linear
terms. Age and other covariates were assessed as effect
modifiers of the association between physical activity
and lung cancer by evaluating the change in the log-
likelihood after including their cross-product terms in
the regression models. In analyses stratified by smoking
history, subjects were considered current smokers if
they responded affirmatively to the questionnaire item
“Do you smoke now?” and former smokers if they
responded negatively but had smoked more than
100 cigarettes in their lifetime. Never and former
smokers were combined in the stratified analysis
because of insufficient numbers of each separately. Plots
of cumulative lung cancer incidence according to the
total physical activity index and WBC count were
produced using the Kaplan-Meier method.
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Least squared means and P values comparing WBC
count and serum albumin according to tertiles of total
physical activity index were calculated using multivar-
iable ANOVA including covariates for smoking history.
The mean levels of WBC count and serum albumin
at baseline among participants who subsequently deve-
loped lung cancer were compared with levels cor-
responding to participants without lung cancer during
the follow-up period using ¢ tests. The values of albumin
and WBC count were not transformed for the ¢ tests
because they were approximately normally distributed.
P values using Wilcoxon nonparametric tests were
essentially identical to those obtained using ¢ tests, and
are not shown.

Study participants reporting a personal history of lung
cancer at the baseline examination (n = 7), or identified as

a case of lung cancer within 12 mo of the baseline
examination (1 = 6), were excluded from the analysis. An
additional 82 people who died within 12 mo of their
baseline examination were also excluded from this
analysis.

Results

During 62,062 person-years of follow-up (an average of
12.8 years per person), 134 cases of lung cancer were
diagnosed among the 4,831 subjects without a personal
history of lung cancer who survived at least 1 year after
the baseline examination. Among cases, the mean time
between baseline examination and diagnosis was
8.0 years (SD, 3.8; range, 1.2-16.3 years). According to
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Table 3. HR and 95% Cl of lung cancer according to physical activity by smoking status and gender

Total physical activity index (kcal/wk)* No. cases Person-years ' HR (95% CI) ' Prend
Current smokers

0-174 36 4,052 1

175-874 15 4,026 0.48 (0.26-0.91)

>875 12 3,107 0.49 (0.25-0.97) 0.02
Never/former smokers

0-174 29 14,477 1

175-874 23 15,081 0.97 (0.55-1.71)

=875 19 16,236 0.60 (0.33-1.11) 0.10
Females

0-174 28 11,941 1

175-874 17 10,737 1.02 (0.54-1.95)

>875 10 10,166 0.66 (0.30-1.44) 0.35
Males

0-174 37 6,590 1

175-874 21 8,383 0.56 (0.33-0.97)

>875 21 9,192 0.50 (0.29-0.87) 0.01

*Kilocalories per week from city blocks walked, flights of stairs climbed, and sweat-inducing activities (see Materials and Methods).

tTotal person-years for cases and noncases in category of activity.

tModels are adjusted for age, sex, pack-years of smoking, time since smoking cessation, body mass index, alcohol intake, and education.

tumor registry reports, 51% of the cases were non-small-
cell type (23% adenocarcinoma, 14% squamous, 10%
large cell, and 4% not otherwise specified), 12% were
small-cell type, and 37% were unspecified-cell types. Of
the cases, 23 (17%) were local, 27 (20%) were regional, 45
(34%) were distant, and 39 (29%) were unknown stage at
diagnosis.

Physical activity variables are summarized according
to other selected covariates in Table 1. In general,
participants who were more active tended to be younger,
have lower body mass, drink more alcohol, and report
more years of education than less active participants. The
distribution of participants according to smoking status
within levels of physical activity depended upon the type
of activity: current smokers were less likely to report
vigorous activities that caused a sweat but more likely to
climb stairs. Participants who were more active had
lower heart rates and WBC counts than less active
participants. After adjusting for smoking status, pack-
years, and time since cessation, WBC counts declined in
successive total physical activity index tertiles (7.6, 7.4,
and 7.1 x 10%/pL, respectively; P < 0.001). No differences
were observed in serum albumin according to physical
activity levels.

Higher levels of physical activity at baseline were
inversely associated with lung cancer incidence (Table 2;
Fig. 1A). After multivariable adjustment for demographic
and lifestyle factors (first column of HR), the risk of lung
cancer was reduced by over 40% among participants
reporting 12 or more city blocks walked per day (Pyend =
0.03) and those in the highest tertile of the total physical
activity index (=875 kcal/Wk; Pyeng = 0.01). There was a
negative association between lung cancer risk and the
weekly number of episodes of activity vigorous enough
to cause a sweat, although a dose-response pattern was
not observed (P iena = 0.08). Flights of stairs climbed each
day (Pyena = 0.58) and heart rate (Peng = 0.27) were both
not associated with lung cancer risk. Although power
was limited to detect a difference, these associations
between physical activity measures and lung cancer did
not seem to differ strongly according to sex, age, body
mass index, smoking status, or pack-years smoked.

Reductions in lung cancer risk were observed with
increasing total physical activity index scores in both
current and never/former smokers, although the risk
reduction was somewhat stronger and statistically signi-
ficant only in current smokers (Table 3; Pinteraction =
0.99). Similarly, lung cancer risk appeared to decline
with increasing total physical activity index scores
among both men and women, although the risk
reduction was stronger and statistically significant only
in men (Table 3; Pinteraction = 0.55). The mean WBC count
for lung cancer cases was significantly higher at baseline
(mean, 8.2 x 10%/uL; SD, 2.2 x 10°/uL) than for
participants who did not develop lung cancer (mean,
7.4 x 10°/uL; SD, 2.1 x 10%/uL; P < 0.0001). After
multivariable adjustment, the HR for lung cancer was
2.8 times as high in participants with WBC counts >8 x
10%/ puL compared with those having counts <6.4 X
10%/uL (Table 2; Fig. 1B). The mean levels of albumin
at baseline among the lung cancer cases were essentially
the same (mean, 4.6 g/dL; SD, 0.4 g/dL) as for noncases
(mean, 4.7 g/dL; SD, 0.4 g/dL; P = 0.17), and no asso-
ciation was observed after multivariable adjustment.

The variables in Table 2 were similarly associated with
lung cancer incidence and lung cancer mortality (data
not shown), although for WBC count the relation was
somewhat stronger for lung cancer mortality (HR, 3.75;
95% Cl, 1.89-7.42 for tertile 3 versus tertile 1).

The results shown in Table 2 were negligibly affected
by further adjustment for the presence of diabetes and
emphysema at baseline (data not shown). Similarly, the
further exclusion of 7 cases diagnosed between 12 and
24 months after the baseline examination had a negligible
effect on the results. The relations among lung cancer
risk, physical activity, and WBC count did not seem to be
modified by time since the baseline examination. In
analyses stratified by the median time between baseline
exam and diagnosis (7.9 years), lung cancer risk was
associated with physical activity and WBC count for both
time frames (data not shown). There was limited power
to examine these relations by histologic subtype. Com-
pared with subjects in the lowest total physical activity
index tertile, subjects in the highest tertile were 0.73 (95%
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CI, 0.40-1.31) times as likely to develop any non-small
cell lung cancer and 0.95 (95% CI, 0.41-2.21) times as
likely to develop adenocarcinoma. Subjects in the highest
tertile of WBC count were 3.04 (95% CI, 1.31-7.07) times
more likely to develop non-small cell lung cancer and
2.42 (95% CI, 0.89-6.82) times more likely to develop
adenocarcinoma than those in the lowest tertile. Too few
cases were available to evaluate other specific cell types
according to physical activity or WBC count.

To assess whether the inverse association between
physical activity and lung cancer risk was mediated by
inflammation, the regression models evaluating the
physical activity/lung cancer association were addition-
ally adjusted for WBC count at baseline (Table 2, second
column of HR). This adjustment led to very minimal
changes in the lung cancer HRs associated with the
various measures of physical activity. Similarly, the lung
cancer HRs associated with WBC count were not
substantially changed after additionally adjusting for
total physical activity index (HR, 2.76; 95% CI, 1.54-4.95
and HR, 2.76; 95% CI,1.55-4.91, for 6.4-7.9 x 10°/uL and
>8 x 10°/pL versus <6.4 X 10°/uL, respectively). Finally,
WBC count did not seem to modify the relation between
total physical activity index and lung cancer risk

(P interaction =

Discussion

In this study, we found an inverse association between
physical activity and lung cancer risk. We also found
evidence for a positive association between lung cancer
risk and WBC count, but not serum albumin. It has been
hypothesized that physical activity may lower lung
cancer risk by reducing chronic inflammation. We found
no evidence, however, that the associations of physical
activity and WBC count with lung cancer risk were
mediated through the same biological pathway.

Clearly smoking is a strong causal factor of lung
cancer in both men and women, with a population
attributable risk of approximately 75% to 90% in the
United States (39, 40). Smoking prevention and cessation
are the primary prevention strategies needed to reduce
lung cancer incidence. However, the elucidation of other
risk factors would aid in lung cancer prevention,
particularly in never and former smokers, in whom
~50% of all new lung cancers are diagnosed (41). This
study adds additional evidence to the body of literature
that suggests that physical activity is a protective factor
against the development of lung cancer.

We observed an inverse association between physical
activity and lung cancer at the upper end of the 10% to
40% range of risk reductions observed in the majority of
past studies (14). Given the strong relation between
smoking and lung cancer risk, residual confounding of
the relation between lung cancer risk and both physical
activity and WBC count remains a concern. In models
adjusted for sex, body mass index, alcohol, and educa-
tion, but not smoking, the relations between lung cancer
and physical activity and WBC count were stronger (HR,
0.43 and HR, 5.05 for third tertile versus first tertile of
total physical activity index and WBC count, respective-
ly) than in models fully adjusted for smoking (HR, 0.55
and HR, 2.81, respectively). Thus, it is possible that better
measurement of smoking (e.g., more accurate reporting,

biomarkers of smoking history) would further attenuate
our findings. However, we were able to adjust for a
number of prospectively obtained self-reported smoking
parameters, including smoking status, amount of smok-
ing (pack-years), and time since smoking cessation. In
analyses stratified by smoking status, physical activity
seemed to be associated with reduced lung cancer risk
among never and former smokers combined, although
this did not reach statistical significance. Too few cases
were observed among never smokers (n = 16) to examine
this stratum separately. The relation between smoking
and adenocarcinoma is weaker than for other cell types
(42). In our data, adenocarcinoma was associated with
WBC count but not total physical activity index score.
Although this was based on only 31 events, it suggests
additional caution in interpreting the physical activity/
lung cancer association.

Exercise is associated with reduced systemic inflam-
mation (particularly C-reactive protein) both between
persons in cross-sectional studies and within persons
after the initiation of training regimens (21). Inflamma-
tion has been proposed to promote carcinogenesis in a
wide spectrum of cancers, including lung, through its
effects on cell proliferation, survival, and migration
(24-26). Inflammatory lung conditions, such as chronic
bronchitis and asthma, have previously been linked
with increased lung cancer risk (43). Furthermore, the
use of aspirin and other nonsteroidal anti-inflammatory
drugs has been associated with reduced lung cancer risk
(44, 45).

We investigated the relation between two inflamma-
tory markers and lung cancer. WBC count is a widely
used nonspecific marker of systemic inflammation (26,
46, 47). We observed reduced WBC counts in participants
who reported higher physical activity levels, consistent
with previous findings (19, 23, 48). Notably, we found
that this relation persisted after adjustment for self-
reported smoking history. Three studies have reported
positive associations between WBC count and lung
cancer incidence or mortality after adjustment for
smoking (30, 46, 47). Similar to our study, Shankar et al.
(46) reported increased lung cancer mortality among
subjects in the upper quartile of WBC count compared
with those in the lowest quartile (risk ratio, 2.58; 95% CI,
0.72-9.26 for quartile 4 versus quartile 1). The results
from our study (incidence HR, 2.81; 95% CI, 1.58-5.01,
and mortality HR, 3.75; 95% CI, 1.89-7.42) and Shankar
et al. (46) provide greater risk estimates than those for
quartile 4 versus quartile 1 of WBC count in Erlinger
et al. (ref. 47; mortality HR, 1.79; 95% ClI, 0.88-3.62) and
the recently reported results of the Women’s Health
Initiative (ref. 30; incidence HR, 1.63; 95% CI, 1.35-1.97).
The Women’s Health Initiative observed little difference
between lung cancer incidence and mortality HRs in
relation to WBC count.

Serum albumin is a negative acute phase protein: its
concentration in the blood is reduced in response to
inflammation (49, 50). At least one study has reported an
approximate 25% reduction in cancer mortality among
middle-aged men with a 1 SD increase in serum albumin
(51). We observed little difference in serum albumin
among participants according to physical activity level,
and no association between serum albumin and lung
cancer risk.
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To investigate the hypothesis that physical activity
lowers lung cancer risk by decreasing systemic inflam-
mation, we further adjusted the regression model of
physical activity and lung cancer risk for WBC count. In
an adequately adjusted model, one would expect the
association between physical activity and lung cancer
risk to be attenuated if the relation was mediated at least
in part by inflammation (represented by WBC count;
ref. 52). However, we found that the associations
between lung cancer risk and both physical activity and
WBC count were practically unchanged after simulta-
neous adjustment. Thus, the effect of physical activity on
lung cancer risk does not seem to be mediated by
inflammation, as represented by WBC count. Impor-
tantly, WBC count is only one marker of inflammation;
it remains possible that other measures of inflammation
may be more relevant to the relation of physical activity
and lung cancer.

Physical activity has been proposed to lower lung
cancer risk by a variety of other mechanisms. Physical
activity might reduce the concentration of carcinogenic
agents in the airways, the duration of agent-airway
interaction, and particle deposition through increased
ventilation and perfusion (53). Physical activity also
reduces insulin-like growth factor levels that stimulate
cell proliferation (54). Furthermore, physical activity may
enhance immune function or endogenous antioxidant
defenses (17, 55, 56).

A number of limitations must be considered in the
interpretation of this study. We used a simple assessment
of physical activity. Although an increased heart rate is
an objective measure associated with lack of physical
activity (57, 58), heart rate is also modified by general
health, stress, and other psychosocial factors. Questions
regarding the number of blocks walked per week and
flights of stairs climbed per day have previously been
used in combination with data on recreational physical
activity to measure the relation between physical activity
and cancer risk in the Harvard Alumni Health Study
(5, 6, 59). We did not collect data on specific participation
in recreational physical activities, but rather episodes
of sweat-inducing activities. A moderate correlation
(r = 0.54-0.62) has been reported between episodes of
sweat-inducing activities and the Harvard Alumni
Activity Survey scores (60, 61), including one study in a
population of older women (62). The association between
sweat-inducing activities and physical fitness measured
on a cycle ergometer, however, has been reported to be
stronger in men (r = 0.46) than in women (r = 0.26;
ref. 60). Our summary physical activity measure that
combined blocks walked, stairs climbed, and sweat-
inducing activities was more strongly related to lung
cancer risk among men than in women (Table 3),
although the test for effect modification did not reach
statistical significance (Pinteraction = 0.46).

The limited scope of our physical activity assessment
failed to capture variation in the intensity and duration
of sweat-inducing activities. To create our total physi-
cal activity index, we assumed a typical duration of
30 minutes for sweat-inducing activities, with an intensity
level equivalent to jogging (multiple of resting metabolic
rate = 7). The results did not seem sensitive to variation in
these assumptions: assuming a multiple of resting
metabolic rate of 5 for 30 minutes or a multiple of resting

metabolic rate of 9 for 1 hour for sweat-inducing activities,
both resulted in a HR of 0.55 for the third tertile of total
physical activity index compared with the first tertile.

Notably, our physical activity assessment also failed to
capture past history of physical activity. Our failure to
capture variation in duration, intensity, and past history
of activity would be expected to attenuate the reductions
in risk observed in our study. Much more sophisticated
assessments of physical activity have been developed
since the initiation of our study. Further studies are
necessary, in particular, to evaluate lung cancer risk in
relation to cumulative lifetime physical activity and to
discriminate the effects of physical activity during
different time periods in life.

Other unmeasured aspects of a healthy lifestyle may
confound the relation between physical activity and lung
cancer. A diet high in fruits and vegetables has been
associated with reduced lung cancer risk (63). Unfortu-
nately, we had limited information on diet and were
unable to control for this in our analysis.

The strengths of this study included a population-
based cohort of both sexes with excellent follow-up, the
prospective assessment of physical activity and inflam-
matory markers, and the ability to control for a number
of prospectively obtained smoking parameters. It is
possible that lower levels of physical activity among
future cases might be expected at the baseline exam due
to symptoms related to undiagnosed lung cancer, such as
pain or fatigue. To reduce the potential for this bias, we
excluded all lung cancer cases who were diagnosed
within 12 months of the baseline examination (n = 13).
Other diseases, particularly of the lung, may also
influence physical activity, inflammation, and lung
cancer risk. However, we observed little change in the
relations among lung cancer risk, physical activity, and
WBC count after adjusting for self-reported emphysema
and diabetes.

Lung cancer is both the most common cancer
diagnosis in the world and the most common cause
of death from cancer (64). The global burden of
smoking-related disease is overwhelming, with over
1.3 million new cases of lung cancer and approximately
1.2 million deaths in 2002 (64). Smoking prevention and
cessation are imperative in reducing the mortality
associated with this disease. Continued study of
physical activity in relation to lung cancer risk,
particularly among never smokers, may further our
understanding of this disease and reveal additional
strategies for reducing its burden.
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